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NIIHAU

The
Mysterious
Island

By Tom Horton

S0 HOMDLULLUKOWEMEER 1977

One hundred and thirtysix miles
southwest of the plitter and grime of
Waikdki, an old man wearing a lopsided
cowboy hat is leading a saddled, sway-
backed horse along a golden beach
that is deserted except for him, his
horse, and, farther down the beach, a
yvoung gitl with long, Mack hair who is
sitting pleking seathells from the sand,
ﬁ:r horse standing moticnless beside

I

In splendid isolation the long beach
bakes in the sun, while a mile out at
sea, deep blue water rises in six-foot
swells which rush toward the land like
curling curtaing of enormous force,
untll a coral reef knocks the thunder
out of their charge, and the beach
remains undisturbed by the surfs pen-
tl2 arcival,




One of the most beautiful parks

in the world is on the
windward side.

Hawaiian Memaorlal Park was dedicated to the people of Hawaii on
Memorial Dey, May 30, 1958 and was.opened on July 1, 1958,
Located on Windward Oahu, it Is a beautiful non-sectarian garden
sanctuary of over seventy acres, overlooking Kaneche Bay, and
commanding a panoramic view of the aweinspiing Hoolau
Mountains that sweep aloft in a protective backdrop.

The entire setting s one of supreme tranquility. It is Hawaii's
largest and most beautiful memoral park, and has been ac
claimed on national television as the most beautiful memordal
park in the United States. Hawaiian Memorial Park welcomes
respectful visitors each day to enjoy it as one of Hawaii's scenic
locales,

Write or phone for a free informative full-color booklet.

Hawaiian Memorial Park

Cemetery ® Maortuary * Mauscleumn « Crolumbadum-Courts
Serving Al Sects with Reverere
Henwaiian Memoral Life Plan/ Hossi Carden Life Plan
45-42% Kamehameha Highway, Kaneohe / Telephone 2476575

HOKNOULLUASOVEMABER 107T



Kahala l\/lall

Hawans most beaunful shoppung center
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Niihau

- " ; Cenpnned from poee 57
“awallan Handcraiied Jewelr 10,000, She weould convert it into her

EXCLUSIVE BEIEHE e ﬁﬂ. GOLD @ HANDCRAFTED |M OUR DWN SHOP own private lsland estate. But like a

retired coupls who by land in Florida

-EPEGM'- LOW PRICES that looked good on felevision, Mrs,
G O T N A ML Sinclair must have had poor know-
e St e ledpe of what Nithau was really like.
S $ﬁﬂ.{}, | She found it too isolated, oo hot and

14K Gald Bmes Flat Wide Bracain [ dry, too barren, and a stark conitrast 1o
Compleety seralked all arcasd the lush regions af the Hawaiian Is-
2350. lands. 5o she scrapped her plans for an

£ MK Gald fem Barrel Bing, estate on Mithau and bought land in

Complesely sorolled all argund
§75.

14K Sold 8me Bareel Bing.
Completely serodied all around.

rich, fertile Makaweli on nearby Kauai.
That hecame her feudal homestead
and there she lived a vigorous life until
dying at the age of 32, ;
- 48 Lipiie | Mrs. Sinclair kept Mihau in the
i E‘;ﬂ;gﬂiﬁ; I'Ei:,[:’:; | family holdings. Eventually, control-
%89, | ling interest passed to a grar_lt’.mly
. 14K Gald Harszontal Pradant Aubrey Robinson, son of a Sinclair
with chaln. $115, douphter. It was the beginning of a
™) remarkable family dynasty which re-
. miging unbroken to this day.
Pricac tradud de imgs weirg on bracehels up o 10 lensE LA
up 2 i 7 et e hare fo e e l There were 650 Hawaiians living on
ALL MAJSHR CREDIT CARDS AOCEFTED, Mithau when Kamehameha IV sold it
Man. tl-r-:_?ﬁuﬂ:'.ﬁa-_g:'il Ban. 930 -4 out from under them. And that popu-
s JEWELERS OF HAWAII lation was 2 dramatic drop from a
missionary census count of LOET in

-|'r~.'u:.'||_.'||_| 1600 Kaplolani Bled,, Suite 836 (Fan, fum, Bldg.) Telephone 9494177
Paarlridge: Honolelu Fedaral Savings Building, Saite 404 “elenbione 487-5502. 1831, The Sinclair purchase further
depleted the MNiihau population, re-

portedly because the natives deter-
mined there was no way they could
gver own any of the land on which
they lved.

If Mithau had 8 sufficient water
supply, it might have become o suga
plantation. Or, if it had a more favor-
able altitude, it might have besn suit-
ahle for growing pineapple. Instead, it

A classic statement ...

Ihe finest in contemporary “Mrs. Sinclair found Nii-
resort wear. Exclusive and n hau too iselated, too hot
original in design. ; . and dry, too barren and a
Found only at ... 5 By | stark contrast to the lush
regions of the Islands”

was judged to be pood only as ranch

lond. That is what it became and what

it remains: a sheep and cattle ranch

; ] owned and supervised by the Robin-

ENTER » MALL LEVEL ; son family and operated by the Ha-

U+ HAWANAN VILLAGE ] i witlian (enanis who are paid a salary

ALL NEIGHBOR ISLANDS ] and provided housing and various

other benefits. (The Robinsons still
live on Kauai.)

Mrs, Sinclair's pgrandeon, Aubrey
Bobinson, had five children. Two of
them, Alyimer and Lester, are credited
with preserving Nilhan well into the
Z0th Century and setting the “hands-
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uiu's Aiichen

Margaret Stone

The lslands offer a wide varely of
fresh fish for preparation, and almost
as many kinds of preparations as kinds
of fish.

Unlike other cities, fresh fish is
mare often found whole in Honolulo
markets than in fi-
lets. Shopping for
fresh fish presents
three difficulties:
finding & market,
knowing the Eng-
lish equisalent for
Hawailan names
that are generally
usad for identifi-
cation and check
ing for freshness.

Here in Hono-
lulu there are a
Few whiolesale fish
markets that also
sell redail. One of
the muost interest:
ing and well-known 15 Tamushiro Mar-
ket on North King St Although the
aroma is reminiscent of a fishing village
and one must rodl up the cuffs of long
pants =0 as not to get wel, the fresh
fish selection is excellent. The sales
people will not only help you in fish
selection, but also tell you how to pre-
pare the fish, if vou ssk. Tamashiro
is also famous for other seafood spe-
cinlties,

Another popular market i the
Farmer's Macket on Auwahi St. Undar
one roof, this market offers seweral
different vendors from whom (o
choose your fish,

In addition, | am impressed with

Cooklng with Island Fis

the fish depuriment at Star Market at
Kahala Mall. It is bright, clean and
stocked with a good vardety of fish.

To help translate (hose Hawaiian
names you will find in all of thess
markets, here are the English equiva-

lents of popular fish:

Ahi—yoliow fin tang  Aku—skipjack tuna
A'a—martin Moi—threwd fizh
Uha—parrot fish Kumu—goat fieh
Cmagn—red snapper Ono—wahon

Opakapaka—plnk saapper

Opelo—mackered like fish
Ubia — Jack Crevalle fish
Muhimahi—dodphin family fish

Many people avoid buying a whole,
fresh fish because they do not know
how o select one. Checking for fresh-
ness issimple; look
at both eves and
gills. The whites
of the eves should
be clear and firm,
! not filmy or sun
ken. The gills
should be red, far
& the fish be-
comes - older, the
gllls  Jose color,
turning a faint
pink.

Once you have
purchaszad the fish
vou must decide
how to cook it

=i Here s a brief lst
of fish cSpﬂ:!aﬂ}' good for certain pre-
parations:

Baking — kumu, mehimahi, mullef,
uhu, opakapaka and ulua,

Broiling — akule, kumu filets, mol,
sed bass, mahimahi, moi or uhua slices,

Fryimg — ahd, sea bass, baby ulua
(papio), or any other small fsh.

Steaming — kumu, mullet,
onaga and opakapaka.

Here are some specific preparations:

fivol,

STEAMED RED SNAFFER

As prepared by Executive Chef William
Salvadore of the Manilos Susf Hotel and
prosented on “Let’s Go Fishing™ (KHON).

2 Ibs, Red Snapper (OpakapakalEhu)

1-2 large Ti leaves

4  whole peeled canned tomatoes
cleopped

1 . liquid fram tomatoes

1-1f 2lemons (use one lemon to make bemon
CEOW )

1-2 ths rock salt
cloves garllc — minced

1/2 round amion — chopped

1 lamge fresh mushmoom — chopped

1)2 o waler chesinuls — chopped

3 o7 peanat il

3 ths Oyster sauce

34 o, White Wine

1J2 e Osh stack

2 hbufter pats

2 b vepedable oil

1 ths Comstarch — mised with &
lirthe white wine (o make & thin liguid

1/4  c. chinese pardey - coprsely chopped

2 drops Tobssco seuce

Make I slits in each side of the fish, b

half a kemon over the whole fish, rub rock
salt over outsides and sprinkie inside of G5k,
Flace on larpe Ti beal and put insteamer for
approximalely 20-30 minutes, or antil eyes
pog out,

For saace, muaie in sauce pan: Vegeiahle
oil, one pat batter, onlomns and mushrooms,
until onkons ane clear. Add garlic ond water
chesinuts, let smmer for abowt I mimubes,
Add  white wine &nd reduce lguid by
one-hall. Add salt and pepper 1o taste,
tomatoes, tomate lguid and ovster sabce,
Lot simmer For 15-20 minwtes, then add twa
drops of fobasco, cornstarch mixtuee to
thicken, switl in one buller pat,

While sance is simmeting, heat peanut ofl
watil it just beging 0 smoke. Ladle aver
done fish o 24d a crispy texture, Place fish
oo platter. Ladiz saoce over fish, pamish
with Chinose parsley &nd lemon crowns,
vands orchid and pordey. Serves:  4-%
peopk.

MAHIMAHI STEAKS with OYSTER
STUFFING

6 medinm slzed oysters
112 b cracker coumbd

1/4 ﬁp; salt

18 Lip. pepper
1 isp. chopped parsley
2 1k, meedied butier of margarne
(] fish steaks (sliced in twa)
1 Tk, Jomon julcs
butter or margarine for basting

Dmin oysters and cut in pieces. Add
cramks, salt, pepper, parsley and medted
buatter, Mix well Place Ball the fish shices on
a prexsed baking dish, drizzle with leman
juice and sprinkle with a little salt and
pepper. Spread with ovsier stuffing and
place Temaining fish slices on top. Brash
with melted butier. Bake in 350 degres oven
Tor about 40 minotes, basling a lime or two
with more mefted batter

Serve with maltre d'hotel butter. Melt
112 cup bulber or margaring. Stir in a tsp. ol
chapped parsley, /2 tsp. salt and the jwice
of & half a lemon. Serves &,

SAMOAN COOONUT CREAM
1 o fmozen cocaput cream (thawed)
1/4 e chopped green onions
114 o lime juice
Mix thoroughly, Chill. Tio be wsed asa
tip for cooked fish [l

HONOLULUNOWENEEA 1877 13



“If the peaple po fo church every Samday and pray, thar’s the only way o hold the Fand | | "

the best lwaus In all Havail but they
aren't for sale. Here people sing and
dance with a genuine Hawaian beaury
which will newer be wimessed on a
nightclub stage. There is fabulous fish-
ing and wild game, but no charter
boats and no puns. There is also no
eleciricity, no liquor, o0 unemploy-
ment, no come. (And, judging from
the 1974 pubernatorial election, only
one Democrat. Randy Crossley re-
ceived &4 votes; George Arivoshi one.)

Miihau i5 Hawaii’s only mysterious
Islapd. OIneide the Seven-
Llands-in-One-Day planes flying over
it, Mithau is pointed out to tourists as
the Forbidden filand. That’s as close
4% anyone can come to comimercial-
izing this last, solitary holdout apains
Americon missionary and economic
zeal to zave netive Hawaiizns from
themselves. Two-thirds of Niihao's
population of approsimately 240 are
believed to be pure Hawaiians. Most of
the mest are at least part Haweadion,

English is taught in the Miihau schood
(which poes to the eighth grade), bt
Hawaiian remaing the first language of
the Island. And the old Hawaitan way
remiaing the basic lifestyle.

Living much as their ancestors lived
before Hawall was civilized by mission-
aried and merchants, the people of
Niihau subsist mainly on fish from the

-5e8 and game from the treacherous

interior of the add islond that is only
13 miles long and three to slx miles
wide. Thiz one remaining preserve of
nearly pure Hawaiiana is possible not
because of the persistence of the Ha-
wallans, but because of the strong
beliefs of one famlly of Scottish hed-
tage who has owned, maintained and
protected Mithau through five penera-
tons, or sinee it was purchased from
King Kamehameha 1Y in 1864 for what
it costs today to join a Honolulo
countey  ghub — 3100000, For  more
thin a century the family known
today as The Robinsons, o family as

mysterious in some ways as  their
Island, have repelled all invaders, fo-
reign or domestic, individuals or gov-
ernments, in their fierce determination
to keep Mithau what other klands can
only be in part: Hawadian,

Tiny, isodated Miihau's first outside
visitor was Captain Cook, who stopped
there in 1778 while searching for a
waber passage through Morth America
from the Pacific to the Atlantic, Bad
weather forced Cook’s ship to remain
anchored ot Mithau for several days.
He left with a supply of yams, three
goats, w0 Swine ond the seeds of
Niihau melon, pompkin and onion,

Meardy a century later, the ship
Corsalr stopped in Honolulu on its
wiay 1o British Columbia. Leading the
expedition was a beautiful, bountiful
and always-bonneted gramde dame
with a restless spirit and a name fit for
& historical novel — Biza Me-




The scene 18 so dpe for a South
Seas romance, you expect the pird
picking seashells fo be Mitd Gaynor
and the man leading his horse toward
her to be Rosanno Brazzi, who any
minute will break into “Some En-
chanted Evening " At the least, a tour
bus will suddenly pop out of the
keawe bush and disgorge a platoon of
tourdsts edger (o encircle and photo-
graph the real Haowari,

It can't happen. It hasn't happened
for several penerations, and if one
inflexible, ruling family continues to
have ils way —a way that is almost
feudal in nature — it will never hap-
pen.

This is MNithau and the richest tour-
ist in the word can't rent a room on
this island or walk this beach. Here are

HORCLULWTHOVEMBER 1577
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off™ attitude. Both are remembered as
lean and lanky, silent Gary Cooper
types, and silence i a Bobinson family
trait which remains in force today.

Aylmer wa the most colorful of all
the Robinsons, Harvard-educated, he
spoke Hawalian and, like his father,
took an avid interest in the Protestant
church and missdonary work. He was
kimown on Mithan as Ka Aaku MWe-
kug — the old boss, Many regard Ayl
mer Robinson ss the most important
individual in determining the history
of Withau.

Avimer died in 1967, leaving a 75
per cent interest in Midhao to his
brother, Lester, and his brother’s wife,
Helen. Lester, less colorful than Ayl-
mer but equally dedicated 1o pre-
serving and protecting Mithau from the
putside world (Lester was wlso Har-
vard-cducated and spoke Hawaiian),
died in F969 ai the ape of 68,

At the time of Lester’s death, the
Honoplule Advertizer said in an editor-
ial, “With Lester Robinsons death
came the fear that the lasi preserve of
Old Hawail also may pass away."” But
the Stor-Bulletin responded, “Those
interested in the past will be encour-
aged to know that Robinson passed on
to his soms, Keith and Bruce, his

feelings for the Island and its status as
samething removed from time,™

There was pood reason to worry
about Mithau's future. Perlodic criti-
citm of the Robinsons' handling of
Miihau, described a5 domineering, pro-
vincial amd even backward, would
spring from various sources. In 1946 a
territorial Jegislative investigating com-
mittee headed by Sen. Francis H.
Brown made headlines by visiting Nii-

“Many regard Aylmer Rob-
inson as the most important
individual in determining
the history of Nithau™

hau and dedding it as “50 years
behind the times.” That it was more
accurately W0 years behind the times,
and the Robinsons wanted to keep i
that way, seemed to escape the lepisls-
tive thinking.

Education of Mihau children has
often been questioned. They attend
ihe first eight prades on Miihau and
can then continge in high school on
Kauai or ot Kamehameha High Schoal

T2 HONDLULLUNOWEMEER w57

in Honolulu; a few in recent years have
gone on to the University of Howaii,
In 1970 a Department of Education
official reported that although the
students of Mithau School ranked tops
in the state in discipline, they prob-
ably ranked at the very boftom in
learning. He blamed the Robinsons’
“keep off” attitude. [DWO.E. does,
however, make perindic visits to Nii-
hau, as do other state agencies.)

Also in 1970, Gov. John A. Burns
sent a controwersial bill o the Lagsla-
fure proposing that Miihau be pur-
chased by the Siate, For some reason,
Burng seemed to belleve the izland
could be bought for less than 32
imillion. He proposed that it be
“saved” by letting the Hawaiian
Homes Commission operate it for Ha-
wilian homesteading and cattle ranch-
ing. Bums’ propozal met heavy oppoai-
tion from Hawaiian groups and the bill
was killed by the State Senate. Burms
tricd again in 1972, apain without any
mEasure of success.

The Robinzon family respondead to
Burms' 1970 proposal by declaring that
they were not willing to sell, but that
they would gve the State “first re-
fusal™ if the family should ever con-
sider selling Mithau at any time in the

The HAILQNA Famjily of Hawaiian Music

T {i
/»’“ ;
4 Ka Leo Hawmii

MELE KEALIKIMAKA A ME HAU OLI MAKAHIKI HOU
from HAILORMS Dl_ETFaﬂUTﬂHS homea of the finest in Hawalian Music




The Twelve Months of Christmas!

Bring Christrmas spirit into the homes of your friends each month of the year with gift
subscriptions to colorful, informative, timely, HONOLLILU Magazine. With each new
subscription or extension of exdisting subscriptions, HONOLULL Magazine's free gift will be a

copy of the beautiful $12.95 retail value, hard cover book, VOYAGE — The Discovery of
Hanamaii.

Hawmai resident subscriptions are $9.00 a year. Mainland and Canada resident subscriptions
are $12.00 a year. Aftractive gift announcements will be mailed to each person you specify.

VOYAGE TELLS of Hawaii's discovery by the worlds first “vikings" the Polynesian
navigators, Here is the saga of the men and women wha, without metals or instruments,
dared to explore the vast Pacific. Long before European open-ocean exploration began, the
ancestorsof the Hawallans had accomplished feats which, in the context of thelr ime, were
comparabde to the modern adveniure of space explorafion.

FIFTY-THREE ART REPRODUCTIONS

Told in powerful prose, VOYAGE 15 illustrated with 53 paintings created by Hawailan
storyteller-artist-sailor Herb Kawainui Kane (KAH-ney) especially for this book.
Reproductions are in full color, with page spreads to twenty inches wide,

HONOLULU is published by Honolulu Publishing Company, Ltd., 735 Bishop Street, Suite 410, Honolulu, Hawaii 96813
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future, When Bums tried again in 1972,
Bruce Fobinson was ssked if the fam-
fly's attitude had changed. “No,” he
told the Honoluly Advertizer, "We've
been saving no for the last four years.
I don’t know how muny times we're
going to have to say no to this,”

Mithau I still there and still Hawai-
fan. The REobinsons are still saving mo.
Wisltoes are restricted to friends, rela-
tives and former Nidhau residents. For-
mal requests from anyone else, espe-
ciglly reporters, to visit Mihau are
always turned down, politely bat firm-
ly. The Eobinsons do not even grant
interviews and do not like to be
quoted about Mithay, Bruce Eobbinson,
however, did tell o reporter in a shoti
telephone intersiew that he does not
feel there have been any major changes
on Nifhau since his father, Lester, and
uncle, Aylmer, dicd. He said he could
nat let “one reporter™ on Mithauw
becanse “there would be o whole line
1o folloaw,” He described the family as
“yery protective,” and added, “People

“One criticism of the Rob-
insons that isn't heard is
that they are keeping Nii-
hau for profiteering rea-
Sﬂﬂ.'p'”

who live on Miihau want it that way.™
Suid Robinson, “We're a private, oper-
ating ranch. We're not set up for
tourism and all the trappings that it
would bring.”

Robinson's guard against publicity
iz understandable if you consider that
in 1961 Mewsweek wrote about Niihau
as the last repository of pure Havaiian
blood and described the residents as
“devout Christians, but as combative
45 pagan warrbors.”

Ome criticism of the Robinsons that
isn'l heard is that they are keeping
Mithau for profiteering reasons. I has
always besn a struggle to make the
ranching operations even break even,
and sources clese 1o the Robinson
family have estimated that in recent
wears the Robinsons have spent as
much a5 530,000 a vear to maintain
Miihau's privacy.

How much longer can Niihau re-
main a recluse from time? No one
knows, But 3 some commentad when
the State was trying to buy the island.
“Everyone wanis to save Miihau. But
from what 7™

HALSTON |

ROSE ROOM
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water, They have a reservoir now bul

it's still hard, When there's no rzin, |

they go into the church all in a body
and they pray. And sure enough the
rain comes. They are very religious
Everyone poes (o church regulady.

“The Robinsons are wonderful.
They love the Hawaiians. They care.
OF course, they are sirict. Mot évery
Tom, Dick and Harey can po there.
That's why you hear a lot of stories,
but don't believe them, becauss these
people (fhe Robinsonz) want (o cone
serve their island. They want to keep
the Hawailians happy, and not let tham
become commercialized like the Ha
wailans in Honolulu, The people are
very respectful and appreciative of
their beszses. They just really love the
Robinsons, If they wani to have a
holiday they ask the Robinsons if it is
okay, then evervbody hos a holiday.

“Their way of showing love and
respect i by puiting a shell l=i on you,
like we do with flower leis, This is why
I have my collection. It i worth
250,000, But T would not sell one.
When they know I'm going home, they
comme dewn along the side of the road
with lels In their hands, They stop the
truck and kiss me and present me with
the leis It%s their way of saving they
love me. Making shefl leis i wvery
important on Miheu, Women get up
very early, at & am. They make
hreakfast and cook and fix lunches for
the men, The men leave the house
around seven. Then when the woimen
are: through with their housework,
they make leds.

“Miihau never changes much. 1 no-
ticed litdle change durdng the frst 20
vears [ visited there. Always the same
happy, wonderful people, The families
there are zo kind, If they're having
dinner, they call out when you're
walking along the street, whether they
know wou or not, You enter the hoass
withoul any questions being asked.
They're so open-hearted. IF 1 were o

wilk the roads of Mijhau and falk -

asleep on one of those roads, nobody
would harm me. T would feel safe.
That was the oath of Kamshamehs
and his mamials hog low — “the broken
paddle.” In other words, he said, the
elder people, the children and the
women are safe to walk the lslands
and lie down and go to deep, and his
wiord was that no one would molest or
harm them i any way for fear of
death. But of course today in Hono-
Tulu.,.

" Mithow, the people feel safe,
They are protected, They have love
and happiness.”

5 HOROLULWAHOVEMBER 1077
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“Moe”Keale

"Tolog arme ke powwai hamanra o kanaka o Nithau, ™
“The men of Niihau grow very tall, and their hearts are very big.”

One of the largese & Wilfred Nalani
“Moe' Keale, Although borm in Homo-
dln, has father came from Nithay and
Moe spant every supmrer of s vouth
vt Mithaue, He onee fold Ris friiemnd Conl
Lindguizt, “TH mever forgel that firsi
year o Nifaw,: What really flrew mie
war how heppy everpbody was, e
R they wesld our of thelr way o
help each other. Right then I figired
thar heaven wmiust be something hike
Nithatr, ™ Av thee end of each summer,
Moe was reluctant io feave: “A couple
aof feres [ thowght abowl mnning
away, bub everpbody krows every-
body elte, ond [ knew my father
wordd  give me g good Ueking, ™ A
member for veari of the Sons of
Howall, e nmow hus iy ovwn mesical
gronip, Moe Keale and Anvenie,

“Dur family lived owtside the vil-
lIage, We rode horseback and we also
wead Army trecks to run cattle, Inoor
apare tme we would play music, fish,
hunt. Good hunting and fishing! We
cooked outside over an open fire.
They're geiting classy now with kero-
sene stoves froin Sears.

“We have luaus you wouldn't be-
lieve! Bome last two Or three weeks,
When my oldest brother pot marded [
had to dig six imus. The men go
hunting and the women go fishing and
Ipoking for opihi for the luau. The
whaole island works on the foau. We
worked very slowly petfing  ready.
Mower rush on Millkaw, When we un
ouf of Food, we go hundt and fish and
the luau continues. Until finally some-
o 2a¥s, "Ukay — enough.’

“Bunday, we go o church, pray, go
home and eat. Stay in the housa all

day. After sundown evervone poes
bananas agaim. Bverything stays the
same on Mithau, A puy fishes, he gets a
It of fish, more than he can handle.
He iplifs them among the village. Lot
of surf and spear fishing, Lolster, oo,
Big lobsters!

“We chase the pig on horseback.
When the pig gets tired, he turns and
charges, Then you kick “em with vour
feet and tie "em up. Kill "em at home. 1
remember one time I was chasing this
buggah — weighed 300 pounds! — and
he finally pot tired and stopped and
charged, 1 got off my horse and Kicked
it —and | missed and fell dowmn, My
father Kicked me in the butt! All the
men on the island go hunting. They te
up phps and leave them on the trail. On
the way back they pick “em up, Mever
mm short of pigs. They have every-
thing they need to eal there, Except
candy! 1 send candies and cookdes and
Chinese moon cakes for the kids over
there. You know what they eat for
candy? Keawe beans,

“There’s no crime. The lawr says if
you are caught stealing. you be kicked
off the island. No one does that over
there. You can hont turkeys at
Thanksgiving but that's all. The law
gavs You must leave the chickens and
turkeys glone. | don't know why bui
Robinsons say don’t touch. There's a
iree in the front vard and the chickens
and turkeys sit in it screaming all the
time — the buggahs know you can’t
touch “em!

“There's no place to go for dates.
Mo theater. Mo dating. Maybe sneak
over tooome mirl’s howse and pick her
up. Mot much to do uniess she like to
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future, When Burns tried again in 1972,
Bruce Bobinson was asked if the fam-
ily's attitude had changed. "No,” he
told the Homoleluy Adverfiser, "We've
bean saying no for the last four vears,
I don't know how many tmes we're
going to have to say no to this.”

Wiihau is il there and still Hawai-
tan, The Rohinsons are still saying no.
Visitors are restricted to friends, rela-
tives and former Miihau resddents, For-
mal requests from anyone else, espe-
cially reporters, to visit Mithau are
always wmed down, politely but firm-
ly. The Fobinsons do not even grant
interviews and do not like to be
quoted about Midhay, Bruce Robinson,
however, did tell a reporter in o shorst
telephone interview that he does not
feel there have been any major changes
on MNithau singe his father, Lester, and
uncle, Aylmer, died. He said he could
not let *“one reporter™ on Nithau
because “there would be a whaole line
i follow,” He described the family as
“wary protective,” and added, "People

“One criticism of the Rob-
insons that isn’t heard is
that they are keeping Nii-
hau for profiteering rea-
sons"

who live on Mithay want it that way,”
Said Robinson, “We're a private, oper-
ating ranch. We're not set uwp for
tourism and all the trappings that it
woidld bring."

Robinson's guard against publicity
is understandahble if you consider that
in 1961 Newsweek wrote about Mithao
a5 the last repository of pure Hawailan
blood and described the residents as
“devout Christians, bul as combative
as pagan warrlors.”

Omne criticism of the Roldnsons that

isn't heard s that they are keeping
Miihau for profiteering reasons. It has
always besn a struggle to make the
ranching operations even break even,
and sources cloge o the Robinson
family have estimated that in recent
years the Robinsons have spent as
much nz 550,000 3 vear to maintain
Miihau's privacy.

How much longer can Niihau re-
main a recluwe from time? No one
knows, But as some commented when
the State was trying to buy the island,
“Everyone wants to save Mithau, Bui
from what?™” ol
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GEORGE |, HoLLENBERG?

ABSTRACT: Seven p.:_r]ys:iphunnm b
nd 1:":P

Palyiivhonia dotyi, P. pentamera, a

widely distributed species. P. exilis and P. tepids were previously known from the -
tropical Atlutic Ocean. P. bomiola was previously known from the Pacific coast 48
of Mexico. OF the polysiphonous species of Palysiphonia represented by the presest

study, none are corticated.,

KEY TO THE SPECIES (continued from Part 1)

26, Epizoic; erect branches 4330y in diameter
26. Mot epizoic; erect branches 100y or more in diameter

27, With 5 pericentral cells

An Account of the Species of the Red Alga Polysiphoniz of the Ceneaf
and Western Tropical Pacific Ocean

II. Fﬂfj:fp.bﬂufa'

s are described. Thres species are new:

fivdana, P. bowei proves to be a very |

27, Whith ¥ or more pecicanbral cells L L L e e
28. Chiefly erect from 2 basal tuft of rhizoids; trichoblasts ar intervals of 2—3 sEprments; ’
ments of main branches mestly 1.5 diameters long or longer ... .., S P, howt

28. Chiefly prostrate or decumbent; trichoblasts ot intervals of 5 or more sepments; segmint
mitin branches 1 Jdiarmeter long or shorter

29, Trichoblasts and scar-cells at infrequent intervals; plants of estuaries and harbors . . i

30. Pericentral cells in offset positions in swocessiv

29, Trichoblasts and scar-cells commonly one per segment ... ..., iE e e s
A0, Pericentral cells in longitudinal rows; wall-scars eelatively prominent where trichublasts -

P peutd

31. Rhizoids cut off as separate cells from the distal end of the pericentral cells: [pericentea _-

B B e R e B

............................. F

31. Rhizoids remaining in open connection with the pericentral cells: pericentral cells

tumid

Polysiphonia dotyi sp. nov.
Fig. 1.4, 1B, 4, 5

Chiefly prostrate or sometimes clambering
algae; prostrate and erect branches mostly 140-

1 Acknowledgments and designations used for col.
lecrors are given in Pare T of this series (Pacific
Soence 2I(1}:56-98). The material collected by
C. R, Long, ond reported in Pacts 1 and 10 of his
aconunt, was goliscied ander the aespices of the Pacific
Oqean Biological Survey Progmm condoced by the
Division of Birds, Smithsonian Tnstidution.

2 University  of Redlands, Redlands, Califormnia,
dlanuscript received January 17, 1967,

160p in dizmeter; rhizoids unicetlular
broad open connection with the pericentr.
and with mostly discoid or eceasionally
cellular apices; erect branches Feequent, &
10-(10) mm high, with scgments me
shurter than broad and tumid, especially b
lateral branches few, arising in agsociation %
trichoblasts; pericentral cells mostly 54
ecorticate, arranged in offset positions e @
cessive segiments; trichoblasts ope per SCUTmE
with a right hand spiral turn of one pericest
cell between successive trichoblasts, mostly lit
meatary but occasionally to 1.2 mm loag, #

1958 ':
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e "'I.'Iip“::lij'"M“mf datyi, partion of a prostrare branch showing rhizaid in apen connection with the

Wi o o rabely digitate tip. B, Pelyipbomis dotri, apex of beanch, showing trichoblasts and
) :kl?',gdh!.e:u in domnection with a drichchlast {the shood apex and the young laterzl hranch are

B _-r.:rpiuo\.-.-u i:":!'.l'ﬂ.h apex of branch. ﬂr Pﬂ-\!_l:li_fr.f.'w.lr'a "I"m'l"‘l| Apex af prasirate kranch with exg-

b latezals and rhizoids at distal end of pericental cells. F, Polpsithowie fowed showing multicellular tip

l'-ﬁ.l:-ﬂ.f{.{ and i, Fﬁ-’ul'_l’!-'-_ﬁ'-ﬁmﬂi'.l f.ii'i'd’.‘-'.i_, with viang and alder !P-HJTL'IHrI,g:'-lI sitehidia:
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Fra, 4. Polyupbowia doryi, photomicragraph  of
& vegetaiive branch apex,

4-6 unequal dichotomies, soon deciduous leay-

» ing small scar-cells in both prostrate and erect

branches; tetrasporangia to 100y in diameter,
in spiral sequence near branch apices, consider-
ably distending the segments at maturity; sper-
matangial branches 140-200 3¢ 60-73p, vhlong
with broadly rounded tips, arising as a primary
branch of a trichoblase.

" Plankie proecipue prosteatze ant orerdum BCin-
dentes; rami prostrab erechique plerumgue 140-160
dinm.; ehizoides unicellilasia, plerumgue disenides,
interdum multicellularia; connectionem lafam Zperiam-
que cum ceflulis pericentralibus habentia; tami enscl
oo umercsi, 05100100 mm ali., segmentis pler-
umque beevioribug quam lagg, neenon tusnedis, peae.
cipue supsa ) mmi laberales pauci, in associntione cum
trichoblastis enascentes; cellulze Pericimtrzles plerem-
que 810, ecorticalae, in segmentis surcesive ox apdine
Sue; drichoblastas ona in LACKj e Segenendo, e
unam cHlulem pericentralem inter prichoblesiis suc
cimsivas Apiraliter versae: maxima ex Frte elemen-
tzriae,  Enterdum, aatem, ad 1.2 mm loog., & 4-3
dichotomias inaequailes habeates, mox dieciduans, cellu-
las-cicatcices parvas in gamis et prostratis et erectis
relinquentes; teteasporangin ad 1000 dizgm., in spica
Prope Bpiced  rzmorem, dom mofwruest sezmenta
eliquantium  distendentss; rami spermatangiales 140-
200 ¥ 60-73p, oblongi, in cacuminibis Jate ratundat,
Ut remus primaring trichoblasing emmscenies,

TYPE: H. 48-1213.16, tetrasporic, Amen I,
Bikini Atoll, July 7, 1948,

ADMTIONAL COLLECTIONS: PHOENDE ISLAMDS
—L. 24332, spermatangial, on Halineda 5.,
McKean I, Oct. 19, 18654, MARSHALL ISLANDS

PACIFIC SCIENCE, Vol. XXII, April 19g

Fre. 5, Polyripbonia Aoy, p}iudmni;mgmph uf-.'ir
branch apex bearing spermetasysal stichidia, w

—D. 96934, on reef drop-off, lagoon side ner
Ine Village, Arno Atoll, legit Leonard Horwity,
Aug. 22, 1951; H. 48-0914.25, outer reef, Uin
L, Bikini Atoll, July 9, 1948; H. 48-1091.15,
ont Pocockiella, outer poef Arji L, Bikini Aecll
July 12, 1948; H, 48-2894.6, tetrasporic, m
Udates ip., Mama I, Bikin Atoll, July 1%
1948; CAROLINE ISLANDS—ID, 236882, on ded
coral on eeef at Quoi I, Truk Group, lepit B
Mefiez, Aug. 2, 1960,

An unusual fearure of this species s the
broad open connection of the thimids with the
pericentral cells, The writer is not aware of this
feature ocoureing in any other species with mane
than 4 pericentral cells, A feature which it
shares with only a few species, including A
bawel, is the offset position of the pericentrd
cells,

Polysipbenia exilic Harvey, 1853:47
F]EE l'«':l _1-{'.' ¥

Plants epiphytic or on dead coral, chisdy
prostrate, attached by unicellular thizoids, com-
maonly with digitate or bulbous tips, cur off by
d cross-wall from the center or proximal end
of the pericentral cells, mostly short but oo
casionally as much as 2 mm long; pericentra
cells mostly 9-11, around a relatively large
central cell, ecorticate, in straight rows longis
tudinally; walls to 20y thick, cften steatified:
erect beanches 36 mm high and 160-170y in
diameter, with segments maostly 0.5-0.75 deme
eters long, arising almost exclusively cicatrigen
ously from the prosteate branches and having
few or mo lateral ramuli; trichoblists on esct
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branches commonly wel] developed, a5 much as
2men long and 2840y in diameter at the base,
with mostly 3-5 dichotomies, the final branches
wapering to delicate tips; trichoblasts wrising ane
pex Scgmentt 0n erect branches, with 2 pericen.
ml eells and appeoximately 14 spiral tumn be.
tween successive trichoblasts, momtly soon de.
adeocs but often relatively persistent, leaving
small scar-cells and prominent wall-sears a¢ the
point of abseission; scarcells on prostrate
branches often 2 or more segments apart; fetra-
spocangis 50-65p in diameter, in spiral se-
quence in the tips of erect branches, not much
dsiending the segments: sexual Plants un-
knowa.

TIFE LOCALITY Key West, Florida,

COLLECTIONS EXAMINED: HAWAIAN ISLANDS
=D 18713, Midway I,, legit C.H. Lamourenx,
Oet, 6, 1962: D, 1912711, dredged 10-14 fa,
Pokai Bay, Oahn, July 30, 1939; MaRsHALL 5.
Lanps—I), 9691.1 tetrasporic, D, DOO2A, tetra.
saric, D. 96964, lagoon resf deop-off, Ine
Village, Arno Atoll, legit Leonard Horwitz,
Aup. 22, 1931: H. A8-0290,2, inner reef, Eric
L Bikini Atoll, July 13, 1948; H. 48-0914.1 8,
@ Pocockiells sp,, cuter reef, Uku I, Bikini
Awll, July 9, 1943, H. 48-Y358.2, on dead
voeal, Biijiri 1, Enlwetok Atoll, July 26, 1948
H. 48.¥72, on other algae, Runit ., Eniwetok
Awall, July 27, 1948 canoLine ISLANDS—all
kit E Meflez, Aup, 1960: D. 13413.1, D,
1M16.1, on Hypres 8p., castern part of Helen
Reel, Aug. 28, 1960: D, 138978, tetrasporic,
o e corzl, reef ae Quoi L, Truk I, Aug, 1,
1960; D. 25 187.2, D, 23751.2, D, 23756 2, on
ozl and en other algae, Quoi L, Truk I, Ang,
& 1960: D 23565, tetrasporic, on other alpae,
:m‘ of Iwayzma Bay, Palay L (7°20°M, 134°
I'E).

“Examination of a f ent of the K
WHH, kindly su::En;nm the Hiﬁ
um at Trinity College, Dublin, by Hilda
reveals features which in detsil corre.

Woud closely with these of the Pacific speci-
s, leaving little room for doubt concerning
identity of the latter, even though they are
derably smaller and with fewer lateral

¢ than the type, Another minor differ.
t_““mﬂj’ be mentioned. The central cell is rols.
small in the type material Bat is usually
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nearly twice as broad as the pericentral cells in
the Pacific specimens,

A specimen which seems to he 2 varjant af
P. exilir is represented by D 18713, collected
by Charles H, Lamourenx, Midvway 1., Dec, 16,
1962, cast ashore fol lowing a heavy storm. The
crect branches are unbranched and slightly
smaller than those of other Pacific specimens of
P, exilis. There are 14 pericentral cells, Tricho-
blasts tend to occur at intervals of 2-4 segments
rather than on every segment, 25 s typical for
the species. The plants were stesile,

Polysiphoria bomoia Setchell and Gardner
1230:162; Hollenberg 1961356
Fig, 28

Plants flaceid, epiphytic, to 3 em high, at.
tached by a basal twft of wnicellular thizoids,
mostly with digitate tips and ot off Cross-
walls from an original basal cel] (spore?) and
from adjacent pericentral cells; 5 pericentral
cells, ecorticate, with walls thin and hyaline ex-
cept near the base, and with segments in majn
axes o 2.5 diasmeters long and with clear djs.
SEPIMents; main axis 1004201 in diameter,
of segments 1.5-2.5 digmetess long; branches
arising in connection with trichablasts, at inter-
vals of mostly 6-12 segments, slightly narrowed
at the base; branching mostly  peeudodichoto-
mous; trichoblasts pé irtegular intervals, mostly
2-3 segments apart in 1{ spiral sequence, up to
400-550p long with 4-6 dichotomies  and
slender tapering tips, with bazal cell very short
and with the cell next to the basal cell about
13 in dismeter and up to 6 diameters long;
tetrasporangia to 55 in diameter. in shart
slightly spiral series, not much distending the
segments; cystocarps slightly ovate o nezrly
globular and 200-240q in diameter, with osti-
olar cells prominently enlarged at maturity in
comparison with cells immedistely below them;
spermatangial branches messuring 200275 b 4
40—45p, arising as a primary fork of a tricho.
blast, without sterile tHp.

TYFE LOCALITY: Guadalupe I, Lower Cali-
fornia, Mexico,

Central Pacific collections are from the
Hawaiian Islands only: D, 19144C1, on Galux-
airg sp. dredged 6-13 fa, Port Allen, Kauai,
Nov, 12, 1959; D, 19104EL, and D. 19104F1,
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in offset positioos, Wil
{scicull

Fig. 2. A, Pelpripbosia bowsei, portion of o branch showing  pericentral cells
twp secondary pit connettions with pericenmal cells of sdjpcent sepments; also showing the chacrer

short basal cell of a frichoblast. B, Polysiphonia bomweds, optocarp (immature) €, Palpripbowiz fowlos
tetcnsporanginl branch, L Pelpiipbouls peotasiers, apex of a branch, showing laterals and trichoblases,
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mputorarpie, 08 Graedlards, 20-55 fa, Explogiee
ymmunition Area, Oaho, July 24, 1959; D
@118A1, on Croospora sp. 16-25 fa, Pokai
By, Qutm, Aug. 1, 1959; D, 19134D1, on
der slgee, 25 fa, outside channel buoy, Ka-
schit Bay, Ozho, July 23, 1959, D. 1913571,
peematangial, on Hypeea sp., 26 fa, Waialua,
(ubu, Aug. 2, 1939; D, 1913653, cystocarpic,
14 fa, Wainlua, Oahn, Avg. 2, 1999; D,
W43T, cystocarpic, on Lisgors sp,, 1% fa,

| Iho Poant, Moloksi, Sept. 7, 1939

This alga seems to be a2 plant of deeper
witer, It compares favorably in most respects
with the description of the type and previously
#e anly known collection of this plant, It
aiffers in two respects: (1) the tetraspoeangia
ee feported 38 oocurring in straight series in
e tvpe material, and (2) the type is de-
erined as having a short sterile tip on the sper-
mtungial branches.

Folyiipbonia  Botosi HIJ“l:tﬂ'.rEEg, in Taglor
1945:302; Hollenberg 1958:64.

P, shizakdea Mefiez 1964:217, P, yomakenien-
i Mefiez 1964:219, P yonabawiensis
Stpi 1931:257, Lephosiphonia  obrewra
Weber v, Bosse (1923) not of Falkenbery
P9 2 500
Fys, 103, 1E, 24

Flants forming low dense mats on rocks, up

© L5 ¢m high and to 7 em or more in diam-
e prosirate branches 100-170p in diameter
Backed by wnicellular rhizoids, with digitate
wmulticellular Hps, often several per segment,
ech qut off by a cross-wall from the distal end
* the pericentral cell; erect branches 100-1 30y
= dismeter, arising exogenously at the tips of
ustzate branches, or sometimes cicatrigenously,
€ infervals of 6-8 or more seaments, at first
wungly curved toward the apext of the prostrate
“unch, and bearing frequent, mostly curved,
“emal branches; prosteste-branches giving rise
*ntto-laterally to prostrate lateral branches in
tng positions on either side mostly 2
®pments distal from each erect branch: 8-10
reentral cells around a relatively lasge centeal
the pericentral cells, beginaing 8 or more
“Ements from the branch tip, shifting to offset
Maalims, so that each pericentral cell i in coa.
L at either end with 2 pesicentral cells of the
et sepment, with each of which it soon

2063

develops 1, or sometimes 2, secondary pit con-
nections;  segmeénts in prostrate and  erect
branches mostly less than 1 diameter long;
trichoblasts selatively coarse, to &00p long and
28 in dinmeter at the base, with short hasal
cells, even at maturity, and with about 4 dichot-
omics, not diminishing greatly toward the
rounded tips, arising at no regular intervals but
frequently, one per segment in 14 spiral se-
quence, ab least in upper parts; tetrasporangia
4555 in diameter, in spiral series in the ulti-
mate branches, not distending the segments;
cystocarps evoid, 175-200-(360)u in diameter;
spermatangial branches neer branch tips 120~
170u long and 35-50u in diameter on a sturdy
L-cefled stalk, without a sterile tip, arising from
the entire trichoblast primordium or frequently
one from each primary branch of the trichoblast.

TrPE LOcALITY: Berry 1., Bahamas,

MATERIAL EXAMINED includes the following:
HAWAIAN SLANDS—D, 8461, 8462, tetra-
sporic, Kaneche Bay, Oshe, Nov, 24, 1950; D,
10816, Kapoho Point, Kailos, Oaha, Oct. 10,
1933; Josephine E. Tilden 602, tetrasporic,
Laie Point, Oahu, June, 1900 (as P. calorhrix
Harvey); D, 13448, 134388, tetrasporic, on
hasalt ledge, west lip of Pohoiki Bay, Island of
Hawaii, fegit M. 5. Doty and A, ]. Bernatowicz,
MNov. 10, 1956 D. 13074, Anachoomalu,
Island of Hawail, legit Amy Sollenwell, Nov.
1%, 1952; D). 17220A, Punaluw Bay, Tsland of
Hawaii, Jan. 29, 1933; D, 17304, low mats on
lava, Laupahochoe Point, Island of Hawaii,
Jan. 28, 1953: D, 19256, tetrasporic, sperma-
tangial on perehistosic lava flow dike, east of
1235 fow, 6-8 inches above high tide level,
Keekee, Islind of Hawaii, Dec. 23, 1959; D,
19334, in shaded crevices of 1955 lava flow,
Keekee, Island of Hawaii, Sept. 8, 1960; D,
194339, King's Landing, Panacwa, Island of Ha-
waii, Sept. 13, 1960; AMERICAN SaMoA—T.
TO1-704, on intertidal basalt, mwuth of
Fagasa Bay, Twtuila I, Aog. 21, 1964; T.
682, on 2 log sbove high tide level, Afono,
Tutwila L, Auvg. 22, 1964; PHILIPPINE 15
tanns—ID, 16198, above low tide, western
shore of Cuenco 1, Hundred Islands, Pan-
gasinan Prov,, legit M5, Doty and E. Meficz,
Fels. 15, 1958; D, 18077B, tetrasporic, cysto-
carpic, south of Sssa wharf, Davao, legit E.
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Mefiez, July 26, 1938; EAST INDIES {Siboga Eax.
pedition  collections  loaned from  Rijksher-
basium, Leiden, and identified by Mme, Weber
v. Bosse as Lophoriphonis obroara)—Sta, 14,
Kangean I, east of Java, Mar. 14, 1899: Sta.
165, Fausses Pisangs 1., west of New Guinea,
Aug. 20-22, 1899; 5ta. 277, Dammer 1., east of
Timor, Jan, 9-11, 1900; Sta. 296, coast of
Timor, Jan. 24-26, 1900; smcaroReE—D,
16425A, on mangrove stems and roots at sea
edge of mangrove swamp near Caltex refinery,
Paudan MNature Reserve, Nov. 31, 1937: cEv-
LON—W. Ferguson, Ceylon Algae 239 (as
Laphasiphonia sbicard), Rijkshecharium,

The wide distribution of P. bowef in the
Atlantic and Pacific Oceans was previously re-
potted by Hollenberg (1958:64). The present
study extends the distribution westward to the
Indian Ocean and shows that this species is
common throughoot the tropical Pacific. Fue-
thermore, a collection by ]. Feldmann at Roscoff,
France, Aug. 25, 1946, is probably to be iden-
tified with this species. Erect branches arise in
the characteristic exopenous manner from pros-
trate branches, and the specimens exhibit most
of the detailed features of the species, although
the rhizoids arise from the middle of the peri-
central cells instead of from the distal end.
Hence it seems probable that P, bowei occurs
also in southern Europe.

Polysipbonia pentansera sp, nov.

F. frapifis Touda 1964:11, not of Suringar
1870:37. P. mollir? Weber v, Bose
{1923:356) (in part), not of Hooker and
Harwvey,

Fig. 2D

Plants epiphytic with prostrate branches 7-3
cm long and (115)-175-200y in diameter, and
with segments mestly shorter than their diam-
eter, attached by unicellular rhizoids which are
cut off from the pericentral cells by a cross-wall:
assurgent erect branches to 3.5 om high of 2
similar diameter and with segments about 1
diameter long in older parts and very shost in
younger terminal parts, branching  mostly
exopencus, sometimes  cicatrigenous, pseudo-
dichotomoas and occasionally somewhat  dis-
tichous, at relatively wide angles and at intervals
of (6)-12-23 sepments, the branches not con-
stricted nt the base, arising in connection with

PACIFIC SCIENCE, Vol. XXII, April 19§
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brechoblasts; pericentral cells 5, ecorticate: ik
hyaline, firm, and of moderate thickness, mog,
but littde constricted at the clear dissepimesy
trichoblasts mostly at intervals of 12-14 or mg
segments, with 3-4 dichotomies, quickly 4
ciduous, leaving small scar-cells; tetrasporang
about 35p in diameter in very long, slishé
spiralling series up to 60 or 70 in the uppe
branches; sexual reproduction unknown. L

Plantie epiphyticas, ramos prostetos 25 on r.i
et (113 }-1T35-200p diam,, pepmentis plesumgue bemi
otibus quam lata habentes; per thizoides wnicellulig
quag & cellulis pericentralibus per dlissepimenigin o
arantur affixae; rami erecti assurgenees ad 35 ook
ramis prostratis diametro similes, segmenta in pag
hus wetustionibus seque longe oc Befd et in it
invenibus terminalibus  brevissima  habenbes: s
plerumgue  exogeni  interdum Ciatrigene,  pomds
dichotomi et interdum satis distichi, sngulis relie
latis, intervallis [6)-12-25 segmentoruan, mmss e
basim non constrictls, in asociatione cum trickoblms
enascentibus;  cellules  pericentrales 3, ecoriicsr
paficbes  hyalini fiomi safis grassi, ad clrisepimes
manifesda saepissime vix constricti; erichoblascis e
umngue inbervallis 12-14 vel plusim sepmentarum &
positae, 34 dichotomizs  habentes, cite  decidume
cellulas-cicatrices parvas relinquentes; eetrasporisg:
eh 3iw dism, 60-70 in serie longissime suhspinli e
mmis superiorifus; seproductio sexwalis ignata,

T¥PE: (3. 524,72, tetrasporic, from a deptho
28 m, in the lagoon, Eniwetok Atoll, Aug ¥
1955, ;

ADDITIONAL COLLECTIONS: HAWADAN B
LANDS—LD. 19135W'2, on other algee, dredgs
26 fa, Wainlua, Oahu, Aug 2, 1959: ciLsen
BLAMDS—TIY, [8937A, from a coral reef, hlan
kei L, legit M. J. Cooper, July, 1962, and ide
tified by Tsuda (1964:11) as P. fragili Suris
£Ar; CAROLINE BLANDS—DL 21223.1, o
sporic, creeping on 2 Padiva sp., on a reef B2
near the bridge between Koloniz and Jokai [
Ponape Group (6°58'N, 158°11'E), legit £
Mefiez, June 23, 1960; PAST INDIES—two oF
lections made on the Sibopa Expedition ao
identified by Weber v. Bosse (1923) as P ws
I ? Hooler and Harvey; Sta, 77, on other alg=
dredged 40-60 m, Bomeo Bank, southest &
Bomeo, June 12, 1899: St 133, Lirung, LT
babu L, "Hottant le long du bateaw,” ]
25-27, 188D wiETMAM—Dwa, (1277, oo
speric, a3 P, fragilis Suringar, He de Tre; v
112784, tetrasporic, as (P. courcks Tseng) fre
Mhatrong, Feb. 16, 1952,
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H_;ﬁlp.éw.r-r'a of Tropical Pacifc—HOLLENRERG

This species resembles P. fragilis Suringar as
ted and fipured by Okamurn (1929,
yal. ¥1: PL 255, figs, 1-13). However, Oka-
gura describes trichoblasts as ardsing one per
t. Segi (1951:231, as P, forciputs Har-
wy) describes and figures a similar plant with
wichchlasts an every segment. P. peafanrera also
membles P polyibyss Kitzing, collected by
Feilard in New Caledopia, and _ﬁﬁu:ﬁ] in Eoibe-
g (1863, Vol. 13:20). P. polyphym is de-
mbed a5 having 5 pericentral cells and very
dort segments, but the branch apices are de.
gbed as forcipate, and the pericentral cells
#™valde inflatis.”
|

Felysipiania tepiia Hollenberg 1958:65

P, fabelivlata of Mefiez 1964:219, (non P,
& fabeilalats Harvey 1860:330%; 7P, denn-
% data Taylor (1960) as concerns non-corti-
= cated Fosms

- Fig. 3D, 3E

Phnts 1-8 cm high, very soft and flaccid,
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scribed by Meficz s arising as a primary branch
of a trichoblast,

TYPE LoCALITY: Besufort, Morth Caroling
United States mainland.

?

COLLECTIONS EXamiNED (all from the Ha-
wailan Islands): D 9763A, tetrasporic, near
the Ammy Gate, Sand I, Oahg, Jan, 27, 1932:
. 18020, tetrasporic, cystocarpic, Kaneohe Bay,
Oahu, Oct, 10, 1953; DL 19756, tetrasporic,
scraped from the hull of a boat in Ala Wai
Yacht Harbor, Honolula, Qahu, Nov, 14, 1951;
H. 62-12, from an aquariom of sea water in
which fish were being reared and fed the Paly-
Hifpbouia for food, Sans Souci Beach Laboratory,
Warkiki, Oahu, Dec. 3, 1962 an unnumbered
collection, by I, A, Abbott, from Keawanui
Pond, Molokai, Aug. 24, 1944,

A plant described and figured by Boergesen
(1918:269, figs. 263, 264) may be P, ispida,
although Boergesen's fig, 264 shows rhizoids in
vpen connection with the pericentral cells.

morpent from a brief prosteate base attached

droemerows unicellular rhizoids, which are cut
by 2 cross-wall mostly from the proximal end
withe pericentral cells, which may have digi-
we-tips and may be as much 2 1.3 mm Jong;
pericentral cells mestly 7, sometimes & in upper
smches, or 8 at the base, ecorticate, with seg-
mnks in median parts of main erect branches
mtly 1-1.9 diameless long and 140-250p in
@emeicr: walls thin and hyaline or thick and
Walificd in lower parts; main axes aot promi-
_ﬁ. beanching pseudodichotomously at wide
i up to 45 degrees below, at very narrow
and soanewhat distichous in upper parts,

e 4-10 or more, but mostly 8, segments be.
successive branches; bronches arising in
Bection with trichoblasts; trichoblasts com-
ﬁJ' I-2 between suooessive branches, often
ety developed, but sometimes well devel-
200-500y long and with 2-3 forks and
tips, mostly soon decideous, benving
ﬁlmr{.,-[r;-.; tetrasporangia $0-70-(93)p in
smeter, in shoet or longer straight series in
% uitimate and subultimate ramiuli; cystocarps
Wbglobse and sbout 160y in diameter, accord-
| Mefer (1964:219). T olserved only
It dystocarps; spermatangial branches not

oed in the materal examined, but de-

Polysiphonia tssdana sp, nov.
Polyiighouia sp. of Tsuda 1965:21
Figs. 1F, 1G, 2C

Prostrate branches 40-62y in diameter, com-
posed of segments about 1 diameter long, at-
tached by unicellulse rhizads, which are cut
off by a cress-wall from the center or distal end
of the.pericentral cells; erect branches arising
tistly cicatrigenously at close but irregulas
intervals, to0 4 mm high and 45-50y in diam-
eter, mostly unbranched, with segiments 1
dinmeter long or less; pericentral cells 4 in the
prostrute branches, 6-9 in erect branches, about
the same size as the centesl cell, ecorticate, com-
monly of unequal length in a given segment
and not strictly in longitedinal rows; tricho-
blasts infrequent and very rudimentary, but pri-
mosdia  {or scar-cells) commoaly one per
segment and in mostly 1 spiral sequence, ex-
cept in tetrasporangial branches where they are
unilaternl; tetrasporangia about 36y in diameter,
one per segment in short, non-spiralling series,
somewhat distending the segments; SpErmatan-
gial branches (immature) lanceclate, to GS5u
long, apparently without a sterile tip, on a very
short, 1-celled P-Ediccl, arizging from the entire
trichoblast primordium; cystocarps unknown,
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Fuz. 3, A and B, Polpifbonia? ap. |:II:CI.-|E for B applies tv A as well). £, Polysiphamis pxills, proosn
branch and erect branches. [ ond B, Polpslpdouia teplda e
Algae minutae, ramos prostmatos 40-60p diam. et The spiral arrangement of trichoblasts ant
scgmentn aequz longa ac lata habentes, mmi per  grarcells, which are usilateral only on =8

rhizoidea unicellulasia, wt celloles discretee separatn, - : . =
affivi; rami erecti ad 4 mm ale, 40-30p dizm, ples- sporangial branches, and the cicatrigenaus

umque nen ramosi, sepmentis plerumeue ac langis sc gi1_1 of erect branches, are ft::tum:f whi-:_h exclode
batis awst brevieribus; cellulae pedcentrales 4 in ramis 'Ehl-'i- alga From the genus Lepbaripbonic

prostratis et 6-% in_ramis erectis; trichoblastss parae I." Mo additional collections are availabls B
ehementariaeque, primordiis vulgo una in unoquoque (o g byt no other species of Polysipramk
segmenta in ramis erectis prostratidgue, in spita ondi- | finike nabes the dleknckive faturcts
natis nisi in remds tetrasporangialibus; tetresporangia | DL APPOOXIMA R A e A &
in sccie brevi non spirali; rami spermatangizles e | this alga, especinlly the epimdc habitar, %
primosdin trichoblastee boto enascentes; cpstocarpt non | minuote size, the variable number of periceni=
observati; plantie in collo testudins marinae colentes|  cplls and the origin of spermatangial brande®

| from the entire trichoblast primordium,
ryre: T, 609, tetrasparic, 5Pﬁmmnsmg__mm & entire i primordium

scraped from the neck of 2 sea turtle, Chelowia L ;
wiyaas. It was collected by Roy T. Tsuda at Lay- Fﬂ:}jﬁéﬂ:ﬁ i';g:.
_san L. Hawaii (25°48'N, 171%44'W), Dec. &, & 64

1963. It is represented by o single plucose Plants to 1 em high with prostrate beand®
mount. 4 200-220p in diameter, attached by rhizo=
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pelysipbonis of Tropical Pacifie—HoLiensers

which are cut off as separate cells from the distal
eed of the pericentral cells and which may have
smiticcliclar tips; erect branches similar and
gachtly larger in diameter, arising endopenously
o mistly cicatrigenously at intervals of 6-8

nents, each erect branch mostly 2 sepments
ed 1] right-hand turn from another branch or
g banch primordium, the latter usually com-
pesedd of several cells; pericentral cells 8-(97)
EwriEile, COMposing segments mostly bess than
wlf 2= Jong as broad, with pericentral cells not
g kmgiiuding] rows but in ofset position, re-
mling in a mose or Jess hexagonal shape of the
pencenitral cells as seen in surface view; erect
rmches in turn bearing short, somewhat arc.-
ae biterals and primordia; trichoblasts to 700y
iz, with sbout 3 dichotomies; arising at inter-
mb of mostly -3 segments and 14 right-hand
winl. quickly deciduous, leaving scar-cells
shich quickly divide to form a cluster of small
mls most of which remain as mubticellular
sdunents of potential branches; reproductive
emciires unknown.

A single collection, I 172421, growing
with 2 member of the Gelidiaceae, was collected
by Jessie Kajimara at 1li Bridge, Halona, Oahu,
Hawaii, New, 14, 1956,

This algs has very distinctive features, but
# Lok of reproductive strectuses makes s

?rn: Pposition uncertain,
.ﬁlé
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A STRVEY CF NINE COMMERCIAL FISH FPONDS
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Christopher J. Hamre
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4 The Fisheries Research Staff during the past few months made
fan effort to study as many commerciasl fish ponds as possible. The
ipurposes of the studies have been (1) to gain some knowledge of
itha physical, chemical, and biologlcal conditions of Hawailan ponds
7(2) to discover one, or perhaps a group of conditions that might
-serve as indicators of the production possibilities of individual
:pondss and (3) to search for means and methods of increasing
sproduction of commercial ponds. Early studies were preliminary and
1exgluratﬂrr in nature but have provided information for system-

. jatizing and standardizing pond studies, COrganized pond survey
istudies are still in progress and finsl reports on survey studies
twill not be avallable for some time. However, the survey studies
jare sunmarized from time to time as sections of the work are com-
ipleted and the results of one section of the work is now available.

: Nine ponds varying in size from 4 to 134 zeres in area have
sbeen selected for seasonel survey studies, This progress report
‘imakes avallable to pond owners the results of a survey of the shove
~ponds carried out cooperatively by members of the staff during the
}Elaat week of August and the first week of September 1944,

¥ Tables I and II present and summarize data collected on the
- .mine ponds surveved., Though each pond has an identifying Hawaiilan
+ yname, the werious ponds ere ldentified only by Boman mumerals in

: {fthe %ablas and diseussion to feollow,

¥}

H

PLAN OF SURVEY

. Genercl observations on the ponds as a whole were made but
=ince conditions vary from plaece to place within ponds, representa-
tive arcas of the ponds were selected for careful observation and
collection of materials and samples. The mumber of collection areas,
or stations, for the different ponds was determined by the size of

. the pond and by the mumber of recognizable ecological areas. The
statlions are identified by Arabic numbers in Table I and in
the discussion. The appearance and depth of the water and the
character of the bottom of the pond were noted at each statioen,

" The temperature of the surface layer of water of each stetion was
taken with a Centigrade thermometer, Ssmples of the water of the
stations were collected for chemical determination of chloride
content and the chemicsl detorminations later earried out in the

. laboratory., The potassium chromate-silver nitrate method for the
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“determination of chlorides was employed and chlorinity, or gquantiiy | ' ',
Hof chloride, of the water was recorded as parts chlorlde per (4
thousend parts water. The guantity of plankton, or the minute fé -
plant and animel forms suspended or swimming in the water, was H1z=
determined by pouring 25 gallons of water through a fine silk “¢t|H75H'%4
and the net sample further concentrated by centrifuging., The i Ldﬁ-l_
‘guantity of plankton was recorded as cubic centimeters per 25 \
rallons, or approximately 100 litersz of water. Observations on
the plant populations, ineluding diatoms, were also made. Though
guantitative measurements of the glant materials were not made,
- notes were made of the kinds and the relative abundance of plants,

CENERAL CEARACTERISTICS OF PONDS

L The water was Talrly turbid in all but two of the ponds and
~wvaried in depth from a few inches along the shore to a few feet at
“the ecenter. The maximum depth of the grester mumber of ponds Wes
" from three to four feet and conly three ponds had limited areas of

fwatcr up to ten or more feet in depth. 1In general, all were shallow

“ ponds., The entire bottom area of seven of the pnnaﬂ was covered by
“a deep layer of mud, One of the remeining ponds had a fair arca
of sandy bottom while the other had a fair srea of hard coral

i bottom, Three of the ponds had walls equipped with gates that

- permitted a strong inflow of sea water at high tide, Flve ponds
‘had walls without gates or had gates not in operating condition

i 80 thaet ses water could enter only by seeping through the stone

" sea wall, The ninth pond had no direet connection with the ocean
.and, therefore, no change of water with rise and fall in tides,

CHLORINITY

: Chlorinity values, or the quantity of chlorides in.parts per
“thousand parts water, are presented for all collection stations in
‘Table I nnd are summarized in Tahble II. The average chloride value
of 18.91 parts per thoussud parts water for Pond IX when compared
-+with the value of 19.00 parts per thousand parts water for sea i
water, indicates that that water of this pond was almost as salily
. as sea water. Ponds I and VII with average chloride values of
= 17,28 gnd 17.17 parts per thousand were quite szlty but not as
salty as the ocean. Ponds IT, III, IV, V, and VI with chloride
valunes of 13.80, 15.07, 11,92, _13.@4, and 15.45 parts per
thousand varied from a little more than one-half to three-fourths
as salty as the ocean, Pond VIII with an aversge chloride value
of 4,10 parts per thousand was only sbout a fourth as salty as
the ocean, Pond VIII may be considered a fairly fresh pond, while
2ll other ponds must be considered brackish or definitely salty.

A study of the chleride values for the water of the individual
onds recorded in Teble I shows them to vary more or less markedly
_ I'rom station to station. In 211 instances the lowest chloride
values for a pond were found to be near or at a region where fresh
water entered a pond, For example, station 4 of Pond VI with a
chloride vzlue of (.69 parts per thoussnd parts water received a
strong inflow of fresh water from a spring. Station 9 of Fond VIII
with a chloride wvelue of 0.53 perts per thousand also recelved
spring water. The low chloride value of 9.91 parts per thousand
Ter station 11 of Pond' IV bordered on a marsh vhich received spring
water, Other examples of an inflow of fresh weter lowering the
chloride value of 2 station can be noted in Table I. It 1s
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[ 4 .interesting to note that in many instances the shore near the
-.;LﬁL; stations of low chloride value was marked by the presence of
¢~ bulrushes,

b The cheracter of the sea walls and the surrounding land nreas,
' by determining the wateor supnly and the water exchange, determined
| the overege chloride value of the ponda. Pond IX with an avernge
s chloride content of 18,91 parts per thousand received little or no
[;J L fresh water, Three gates in operating condition in its sea wall
pernitted fairly free exchange of water with the ccean and its
water was, therefore, about as salty as the ocean water. Though
Pond I received spring water and surface water along its shore,
its average chloride value was 17.28 parts per thousand. Its
o kigh chloride content was due to a great change of water of the
fptooe o pond with change in tide which resulted from the presence of gates
s o+ . 4in operating condition and the presence of low sections in the
& g wall which permitted water to wesh inte the pond at high tide,
wo2s- Fond VII with a chloride wvalue of 17.17 had no gates in the sea
Bree  owWall but the wall wes in such poor condition that scepage of sea
—aabk - water throuvgh the wall at high tide was extensive enough to
i~ =, balance an inflow of a low volume of fresh water. FPonds I1, III,
aeo+nd  2nd V with chloride walues of 13,80, 15.07, and 13,84 parts per
4ierny ohousand received fresh water but had only limited exchange of
e Lof owater with the ocean since their wall either lacked gates or had
w44 Hg Bates so situated that very little inflow of water at high tide
~w nes .was permitted. Ponds IV end VI each had three operating gates in
: o othelr wall but due to the placing of the gates the exchange of
' water with the ocean was greatest for pond VI. Both received Iresh
water, .evidently in considersble quarntity sinece in spite of a
strong inflow of sea water their average chloride content was
11.91 and 15.45 parts per thousand, Pond VIIT recelved spring
nriei4 - Weler but had no direect exchange of weter with the ccean though
g i it did receive diluted sea wotor by seepage through a stone wall
T from a neighboring pond. Its chloride value of 4.10 parts ger
43ty | thousend was, therefore, the lowest for our series of ponds,
e i s | ""j_ 5 .
'3h£F g The sbove observations fndicate that the water of some of the
2.n 0 ponds was relativoly stzgnant end wes froeshencd but little by
= Sca wator or fresh water, Ponds II, III, and V were of this type.
ar b Dthor ponds were freshened either by sea water with chanpe in
meiprit - tdde, or by fresh water, or by hoth types of water. Ponds I, IV,
nz omn W1, VII, VIII, end IX were of this type., Ponds IV and VI were
Ty freshened by conglderable volumes of bath fresh and sea water
T while Pond VIII was fréshened almost entirely by fresh water.

WATER TEMPERATURE

My fe The temperature of the water at each of the stations for all
mp=:  Ponds is recorded in Table I and the average water temperatures
it for the various ponds are summarized in Table II., The average
rimy  Lemperature for all ponds was 26,59 C, while the average
AT temperature for the individusl ponds ranged from 24,50 to 29,19 C,
M Pnndg V1, ViI, and IX with the highest average temperatures of
2 e 27.5Y, Eé.&ﬂ and 29,19 C. were cxemined during the late morning
g Fores and early afiernmnn hours. This observetion indicates thet the
e temperature of the water of the ronds tends to rise during the
B day. Further exsmination of the data on temperature of the water
TG E showed that the highest termperatures observed were for the
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shallower and more protected shore stations while the lowest
temperatures wore for central and more exposed stations and for
areas where spring water entered the ponds.

PLANETON VALUES

One of the purposes of our studies has becn to determine the
rclation of physicel and chemieal conditions to the biologieal
conditlons of ponds. Our data have been analyzed to determine the
relation of the quantity of plankton to other pond conditions noted
in our study. For our studies, the total plankton walues show no
direct relation to the time of day when the collections were made,
or to temperature, chloride walue, depth of the water, or loecation
of The station within the ponds. The various plankton elements
have not been emumersted and identified but it is possible that
some one or more plankton forms may be directly related to some
one-or more of the physical or chemicel conditions noted, The
total plankton values of the present study may, however, become
gignificant when compared to values obteined in later surveys.

2 ALGLE

- J_.- L %

54 The kinds and numbers of plants were found to differ for the
different ponds, Sea weeds, or algae, among them Polysiphonia,
Ceraminum, Gracileria, Cladovhors, Entcromorpha, and Ulva, were
found in smell numbers in most of tho ponds. ﬁll were found
‘attached to the stones of the ses walls or to rocks or other solid
objects which projected above the surface of the mud of the bottom
of the ponds. Except for the oceasional pateh of elgre, the
bottom of 211 but two ponds were fq?nﬂ to be wilithout plant growth,
Pond VIII hed e luxuriant growth of *Ruppia maritipa. It wes
Talrly decply rooted in the bottom mad a2nd tended to hold the soil
“of the bottom, However, it showed the disadvantageous charzctar-
istics of growing to the surface and in growing in large impen-
elrable masses tending to "choke mp" the pond, It should be noted
that Pond VIII had the freshest wzter of the ponds investigated.

A4 feirly luxuriant growth of Halophila ovalls was found only in
Pond IX, It formed a good botitom plent and had the advantageous
~eharacteristics of growing only a few inches in height and in not
 Uchoking up" the pond. Because of its marmer gf prowth, Halophils
'is a more desirsble pond plant than Ruppla fr&ﬁ the point of view
of pond management.

DIATORS

Extensive studies of the diet of our commercially important
pond fish have been carried out ty members of our staff and the
results of those studies will be published in detail later. How-
ever, it may be noted here that mullet (Jugil gechalus) are bottem
feeders and that diatoms form about o0 per cent of thelr diet.

Awa (Chanos chenos) are also bottom Teeders but diztoms form a
somewhat smaller percentage and larger algne and pertions of higher
plants form a grester percentage of their diet than for mullet,
Since diatoms form the most important food forms of oor pond fish,
particular attention was pzid to the presence and abundance of
diatoms in the ponds. ERefore noting the oecurrence end distri-
bution of diatoms, some of the characteristics of these Torms nay
be deseribed, Diatoms are commonly classified ag plants beceuse of
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their power of photosynthesis, are mleroscopic in size, and
-characteristically possess a %r

anslucent eovering shell of silicon.
Many diatoms grow on the bottom while others grow on other plants
or on animals,while still others are suspended in the water. In

an abundant condition, diatoms form a brownlsh, silty layer of some
thickness over the ha%tnm of the ponds and may form layers over
urright plants or other cobjects in the ponds. Frequently patches
of the bottom diatom laver become detached and float on the surface
of the water of the ponds. The presence of large or Tairly large
wopulations of diatoms in our ponds is, therefore, resdily noted,

Diatoms were present, though not sgually abundant, in all of
the ponds investigated in this survey, Large bottom deposits
were found in the shallover areas of the ponds, frequently in areas
that were exposed at low tide, Large bottom deposits of that
nature were found in Ponds I, III, IV, and V., Diatoms were most

- abundant in Ponds I and IV, Diatoms were less abundant in Ponds
' 1I, VI, VII, and IX, but PFond IX had large deposits in 4 of the

21 stations investigated., Distoms were least abundant in Pand VIII.

Table I shows that the ponds which possessed large diatom

. depogits, nemely, Ponds I, III, IV, and V, had average chloride
_ values of 11,91 to 17.28 parts per thousend parts water, Diatoms,

therefore, flourish under a eonsiderable range of salinity,
Though our studies are not cxtensive enough to yield definite
proof, it appears that for the greater number of the ponds ‘in-
vestigated, ehloride content of the pond wetor was not the deter-
mining factor in diatom production, Heither does it appear that
temperature alone determined diatom production. Depth of the
water, and thereby the degree of exposure to sunlight, may be one
of the factors that determines the Tormstion of large diatom
populaticns in the ponds. Water novements, such as the slow wash
of the tides over the shallow shore areas, may alsoc influence
diatom production. Studies of the factors which stimulate and
maintain diatom production are needed. It is possible that
Turther survey studies may indicate the Tactors which stimulate

. formation of large diatom populations, Also, methods of artifi-

cially stimulating the development of diatoms in ponds must be

-deviseq if forced inecreasse of fish produetion is fo be attempted.

RELATION OF FOOD SUPPLY TO FISH POPULATION
A census of the Tish populations of the ponds was not

‘attempted in this study, However, the number of fish noted during

the course of the SUrveys was so small that a thorough census was
not needed to conclude that the ponds were understoclked, This
conclusion wes supported by infeormation gathered on the management
of the ponds which indieated that in recent years most of the ponds
had not been stocked regularly. We believe thet all of the ponds

investigated can support a mueh larger population of fish, We

also believe that ponds with large diatom populations can support
larger populstions of mmllet and aws thapn hes heretofore been

- Supposed possible, This would be true particularly if the diatom

populations remain large throughout the year. It also appears
that Pond VIIT could support a larger populafion of awa than of
mullet because of the tendeney of the Former species to feed on
larger plants and plant debrisg--the most abundant type of plant
material found in this pond. Pond VI differed from the others in
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' that iac (Hepsetia insularum) were present. If this species ie
found in considerable numbers throughout the year, Pond VI may he
adapted to the cultivation of iso for ssle as bailt fish or to the

enltivation of carnivorous species for which iao could serve as
- food.

: The surveys of the nine ponds deseribed above have vielded
-Amporiant information on the supply in the ponds of foods needed

v .'|.| -

by mullet and awa. The surveys will be repeated from time to time
during the peried of & year for the purpose of determining whether

* food supplied ere maintained at a constant level throughout the
~year or whether seasonal fluctuations in the sbundance of fonds
oceur, Recommendations on pond management will depend on which
conditlions our later surveys demonstrate for our ponds, Until
. the results of leter surveys become aveilsble 1t can be concluded

thet ponds with large diatom populations are capable of supporting

~large populations of mullet and awa,
g

i

g 2 : ACKIOWT, EDGKENT

¢ ©  The work of the survey described above was carried out
¢ cooperatively by Isabella Abbott, Charles J. Engard, Yoshinori
. Zanada, and the writer, who acknowledges his indebtedness to his

.o colleagues for much of the material presented in this progress

v Teport, We are grateful to the Haweiian Sugar Flanters'! Assoclaties
= for the privilege of living at its Mapulehu Experiment Station hous:

% Tor the period of our study of the Molokai ponds,
‘ STMIILRY

'l;ﬁ;" i

- 1. The nine ponds included in the survey varied from 4 to 134
i@ acres In area.

1 | 26.50 C. and to range from 22,90 to 2.4

?g, 3. Thé’thluride contant of the water of the ponds in parts
U chlorides per thousand parts weter averaged 15,11 parts and
5 ranged from 0,53 to 19.26 parts. :

“ =

£ 4. Totnl plenkton values for the ponds averaged 0.12 cubie
- centimeters per 25 gallons of water and ranged from 0,01 to
1,20 cubie centimeters,

5. Algre, or sesweeds, were found in small murbers in the ponds
inves%igated. Polvgiphonia, Cracilaria, ramium, Ulva,
e
6. Ruppia maritims was sbundant in the pond with the freshest
water while Hal

ﬂnljr_.

oy

. 7. Diatoms--tha mieroscopie plants forming the greater part of
the diet of mullet and awa--formed large deposits in four of
the nine ponds, formed fairly large deposits in four others

' +,. and were scarce in cne pond.

F - 825

2. The temperature of the water of the Dﬂdg was found to everage
Ca

Cladovhors, and Enteromorpha were included in the collections,

. la ovglis was sbundant in the saltiest pond
of the series, Each of these species was limited to one pond

e — -y
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GREEN SEA TURTLES
RELEASED AT

TURTLE BEACH,
MAKAHA

by Sharon Hemdrix

During Beptember, 1981, the Mational
Marioe Fisheriss Service Honololu Labo-
raraiory released a fotal of 185 green sea
turthes [chelonle medas) at various coastal
gltes om Oahwe, Kauai. Maoi, Havati and
French Frigate Shoals. On Sepl. 24, 15 of
the green sen turtles wers relensad al Tortla
Beach on our Walanae coast. The ralapsed
turiles wers one year old. weighed aboul &
Ibs, apd were Involved (o the "hepdstae"
project, Tha profect Involved obtainiog tur-
tle hatchings st French Frigete Shoals
[where green san turtles go to breed) and
transporting these turtles back to Sea Life
Park for one year of rearing. The toriles
were axperimeantally marked by surgically
grafting small places of white tsaue into
the hatchling's black shells,

i Hr

deiniime Oriofgers and har daughter Makaml carry
onn of the yoump turtfes to ke new sosnn home,

The " headslarl” project offers potantial
for aiding the recovery of dapleted turtie
populations. According to Marty “Gmitty”
Smith and Wil Pickatt and the Cabanns.
graen sea torthes wore often seen af Turdle
Bench, however, through man's over-ex-
ploitalion amd habltal encroachment, the
green gea turtle population has deglined
here and throughout the islands.

The green saa ortle is currently profes-
ted under the 1.5, Endangered Speckes Aot
and the wildlife regulations of the State of
Hawail. It is hoped that the tartles seleased
in the “headsiart™ project will bacome part
of the breeding eolony whan they mature
into adults, Grean sea turtlas can take as
lang as 10-80 years o grow into adulihoosd.
and are usually 38 inches n shell langth,

Movember fOF/

abaut 200 [ha. inweight and feed mostly on
b,

Sglentists have much to laprn dbout the
groen sag turtle and hope that the “head-
stari” project will demonsirale thal ee-
siocking is a valunble condervalion prac-
fice [“headstart™ projects are currently In
practice in several areas of the world], All
of the young turtles that ave been released
are (ndividually mdentified with & small
numbersd maetal tag atiached to a frond
flipper. Information from the publis on the
sightings of these fagged turiles will be
appreciatad,

FOR FURTHER INFORMATION,
TELEPFHONE WILLIAM GILMARTIN
OF GEORGE BALAZS AT NATIONAL
MARINE FISHERIES SERVICE B4d6-2181.

" COUNTRY TV
SALES & SERVICE

T

ceati

® Emergency Dental Care

@® Consultaions &
Examinations

® New Dentures

® All Insurances

@ Open 6 Days for All
Dental Needs

nanakuli dental office
BEH-HE09

B7-2102 Farrington Hwy.

537-1488
10680 Young Sireet

@ Property Management Exclusively @ Rental Agenis

#® Handling over 300 Units from Manakuli to Makaha
Cipan Mon-Fri 3am to Spm Sal Sam 1o 2pm

X Phone: 696-6325

35
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WHS Drama Club to Stage

“The Glass Menagerie”
Sea Page 6

&

&by
i

Makaha Open Golf
Tournament
Ses page 12

HBO Brings in Live Boxing
Welterweight Title Fight: Benitez vs. Santos

See page 42 for Details

Digtriheted Free Courtesy af Cablevision
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Hawaii’s
Unique Gift
of Love

Send & bouquet of beauliul and exolic heari-shapad
Hawaiian anthuriums or an gasy-o-grow blooming anthus-
i plant to vour loved ones, or send home 10 enjoyas a
ramindar of vour stay In paradise,

Hawaiian Love Bouquet
$9.95

Eﬂhﬂ!ﬂtﬂ- of 10 lewers and b leaves, it ﬁl_irﬂ and brochure
showing care and arrangement suggestions

Love Plant
£9.95

Conslsts of potted anthurfum
piant in bloam, gift card
and care and handling

Instruciions
Soiry Wi e unalda 1o sord plasis
Ba Calilamin. . ..o Hewars aracOk:
E"E'""""" e ey et e St R
OROER POAM

Marme

Address

fppl = R TR State _ __Zflp

— BOLICHLIETS W5 995=- §

— PLANTS M 295 = &

— DOLBLE BOUQUET m 31595 = %

— 2 PLANTS EH5as= %

maled 10 30 poidness)
Flegse anclose check payable 10 KUAOLA FARMS,
Credit card 0 MASTERCARD O WiSA

A s SR e S
Exp.l.‘lﬂtl:'_‘!'r_

Flease print name

Spnalure

fe see oo Incude sour reln sddreas wdith gedsr, Frics -'|-;I.'|H. r

mall arpmheve i the Leened Stares. For mullipke addresies, please

P DN & siparat st

Mail your order to KUAOLA FARMS, LTD.
c/0 715 5. King 5t., Suite 325, Honodulu HI 96813
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' Tagging Turtles
May Save Their Lives~=

—Flicio by Ceoge H Bala e lurlles ane camed o and from the beach in innenubes, After

lests and ftagging ame completed, they 1 be released, nome the Lorse

By Rick Klemm,

dinivesity of Hawai'l Sea Granl Exlension Senvice for wean

The “Sea Turtle Research-University of Hawal' 1" sign in
frant of the pavilion at Punalu'u County Beach Park attracis
local residents and wvisitors alike, who have come by the
barsinad to view the scenic cove. They all want to see e turlles,
to “talk story,” to ask turthe questions, and to get pictures of,
with, and anmsd the creatunes.

Ressarcher Jearge Balazs and students from the
Marine Option Program (MOF) at the Universtiy of Hawal'|-Hiko,
on this weekend in February, are capluring and studying
Hawallan green turtles from the cove and nearby waters,
Balazs, & wildife biclogist with the Mational Marine Fisheries
Sapvice in Honoluly, beleves hat gathering data about the green
turtles s essental § they are o be propery manasged for e
benefit and curs, He explains thet, while they are not an
endangered specles now, they are threatened, which means a
dramalic change in their population might put them on e
brink of extinction. As & threatened species, they are pratected
by federal and state laws.

Punaiuu is a sheltersd cove with a black sand beach on
the southesstern shore of the Big lslnd, The cowe's name
means  diving spring’ and recalls a Hawallan practice long
ago of diving into the cove with gourds to cidain drnking water
from an underaater spring. )

B MAMLILAMI

Funalu'u and other arcas along the Ka'u coast have
protably been a favorite habitat of Hawaiian green and other
turtles for centuries, judging from thelr mention in local
rmythology. A turtle named Kauila, sccording io legend, lived in
the apring behind the beach and could assume human form
eut of warter. She played with the children and wetched after thern
as they fished In the spring,

With funding from the University of Hawai'i Sea Grant
Lollege Program, Balazs has been capturing and releasing
twrtles at Punakyu since lste 1983 o learn more abouwt their
feeding habits and growth rates. Growth rates among green
turtles along the Ke'u cosst appear to be more rapid than
amaong green turtles elsewhere in the main Hawaiian [slands.
Because of the faster growth rates, Balazs thinks the Ka'u turtle
Population méy make up a large proportion of the breeding
colomy at French Frigate Shosls in the Morthwestern Hawadian
lslands. & & believed that all Hawailan green fudles go there to
breed,

He wes atiracied to Punalu'u = 1974 when & local
couple discovered a cluich of turtle eggs in the sand near their
beach concession stand, Possibly because of a red limu (algee
or seawend) with the sclentific name of Pterocladia capillacea
and other underwater features, this area along the Ka'u coast
mery be one of the best feeding grounds for green turthes in the

AooiL on oege 3
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rmakn islands. Mot much s known about the feeding habiis of
these turthes because most research has been camed out at
breadimg and basking sites.

in 1962, 1,300 hatchling green turtles were tagged and
released af French Frigate Shoals, Balazs expects some of
these hatchlings to setile in feeding grounds along the Bau
coast, If e s lucky, he may capbure a fews during bis 1 2-maonth
stuschy &t Pussalu .

Te capture lusiles withaut harming them, Balazs and
the MOF students use fangle nets lad across Ciraffic lanes”
within the cove between the turtles’ feeding and resting
grounds, They come inshore at high tide to feed and rest in
hales and cracks further offshore.

On the first night of this expedition, the team captured
five ggreen Eurthes, ranging from 301 202 pounds. Anotiersas
given them by two Filipinag fishemmen from Pehala, who earlier
had talked with MOP student Diane Maarakis about the
reseanch.

In the moming after breakfast, the first thing Balazs
does s b steple” B commosion-resistant [0 tag on the back edge
of each front fin close to the body of each urtle. Large turtles
are facgged in their rear fins, too. Then he and the shedents

The dedicaion of feams such as this ovne fiom e Onivensiny o
Havai iHite may spell the adlfference betwoeen {ife and death far the
Hawaian greet Letle.
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n Conk discovered Hawail, the islands and their

by Patrick V. Kirch

During the ten million years or more
that the main Hawatlan Islands have ex-
isted a5 an archipelago, they have received
a stream of colonists, ranging from pas-
sively dispersed seed plants and msects to
migratory of wayward birds. From such
progenitors evalved distinctive Aora and
fauna of marvelous and often bizarre
forms. Because they evolved in ssolation,
however, these endemic life forms were
extremely vulnerable to outside competi-
tors. Mo more than about 1,600 vears ago,
some  pew  colomsts—Polyoesians—ar-
rived on the scene, culminating the great-
ead human dispersal of all Gme, the “con-
quest” of the Pacific by Oceanic peoples.
This conquest went Far bevond the discov-
ery of the most isolated islands on earth.
The story of Polynesia & one of interaction
between people and island ecosystems
that had for millions of years evolved in
the absence of humans and other large ter-
restrinl animals. While the Polyoesians
had to adapt to the conditions and chal-
lenges posed by island life, this was no pas-
sive adaptation. Rather, the Polynesians
modified and at times drastically altered
their island homes, .

The impact of the prehistoric Polyne-
siams on Hawan bas not always been ap-
preciated by biologisis and anthropols-
pists, Biolopists have often assumed that
the major decline and extinction of native
species cocurred only in the past two cen-
turies, following the advent of Buropeans
with their introduced weeds, insects, cat-
the, goats, sheep, and so on. Similarly,
many anthropologists—intrigued by the
conservation techniques sometimes prac-
ticed by Oeeanie peoples, including the
Hawaiians—assumed that there was a
gort of harmonious relationship between
the Polynesians and their environment.

Evidence that the early Polynesian set-
tlers in Hawaii drastically altered their
environment has slowly been accumulat-
ing for decades, but it was a screndipitous
discovery in 1976 that startled archeolo-
gists and biologists into realizing that their
data formed o coberent picture of prehis
toric human impact, Bishop Mustum ar,

cheologist Akihiko Sinoto found large "

quantitics of well-preserved bird bones in
several limestone sinkholes situated in an

E ¥

_ﬂﬁ and fauna had been transformed by Polynesian settlers

ancient elevated reel at Barbers Point,
Oahu, Sinoto had been testing these sinks
for evidence of human nse, either for habi-
tation of for agriculture. The surprise
came when these semifossil bones were
submitied to paleobinlogists Storrs Clson
and Helen James of the Smithsonian Insti-
tation, who determined that several un-
known and bizarre species of birds were
represented by this material, including a
large, Aightless goose, The Barbers Poimt
mterial was unuswal not only for the ex-
tent and diversity of the extinet species
present but alko because it showed that
many of these birds had survived well into
the period of human ecoupation of the is-
lands. Had the Polynesians been in some
way responsible for the reduction of this
bird fauna?

In an efort to reconstruct the environ-
mental context of these hirda and any role
that humans may have played in altering
this environment, Carl Christensen, a
Rishop Museum malneologist, and | be-
gan a study of the abundant fresil shells of
terrestrial snails that had been observed in
the same limestone sinks that contained
the bird bones. Land snails are known to
be pood indicators of local epvirenmental
conditions, and in 2 manner analogous 1o
pollen analysis, the relative frequencics of
species through a sequence of sedimen-
tary deposits may be osed as evidence of
environmental changes.

In analyzing our column samples from
the Barbers Point sinkholes, we made sev-
eral significant findings. First, in the up-
per levels of the sinks, where the extinct
bird bones were concentrated, several en-
demic specics of land spails declined
greatly in abundance, while certain other
species increased. Significantly, the spe-
cies that became more -abundant were
those that continue to demonstrate that
they are pood compelitors, surviving in the
Hawaiian lowlands even in the face of a
variely of more recently introduced spe-
cies. Far more interesting, however, was
the appearance in these same strati-
graphic bevels of Lameflaxis gracilis, a
particular species of land soail known to
have been transported by humans with
soil and plants over moch of the tropical
world, Shells of Lomellaxis had been re-
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covered from prehistore archeclogical
sites in the South Pacific dating to as early
a3 1200 p.c., and we suspected that the
carly Polynesians had also browght this
species to Hawaii 43 a stowaway on plant
siocks. We also found other clues—the
bomes of Ratrus exulans, a small rat asso-
ciated with Polynesian settlements, and of
a gecko and a skink, two species fre-
quently dispersed by humans.

A consistent picture thus emerged from
the Barbers Point investigation: at the
time that the now-extinct birds were dying
and their bones were being deposited in
large numbers, the local environment was
undergoing a radical change, Mot only did
the land snails indicate changing vegeta-
tion conditions, but the Lamellaxis, rats,
geckos, and skinks indicated that humans
were present in the area and sugpested
that their actions were in some way re-
sponsible for these changes. The extine-
tom of the birds was probably due to the
alteration of iheir habitats rather than o
direct predation by the Polynesians, Re-
cenl evidence, however, docs suggest that
now-grtinct birds were also hunted and
eaten by the early Havwaiians, During the
past two to three vears, additional major
archeological projects—mostly under the
acgis of the Bishop Museum-—have pro-
vided more information concerning the
past environment of various areas of Ha-
wail and the role of bumans in changing
the landscape and its life forms.

The Polynesian alteration of the Hawai-
ian ecosystem began with the indtial hue-
man eolomzation of the archipelago carly
in the first millenninm A.p. In their origi-
il state, the Oceanic islands—incloding
Hawaii—aoffered little in the way of ter-
restrial food resources for buman settlers,
Certainly, rich shellfish beds, abundant
fishes and furtles, and larpe populations of
nesting sea would have provided a
good supply of protein for the first calo-
nists, but edible food plants, particularly
farinaceous staples, were lacking (an ex-
ception was the indigenous tree fern,
whose starchy pith was wtibized by the
Polynesians in times of famine). To estab-
lizh themsebves on the ilands, the Polyne-
sians transported with them a range of
crop plants, domesticated species primar-
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On Captain Cook's third voyage of
ditcovery, portraits of native Hawaiians
were drawn by John Webber and

later published as engravings. The man,
below, wears a mask rade from a bottle
gourd, one of the plants that the
FPolynesians brought with them when
they settled the islands.
L

ily of Southeast Asian arigin, such as taro,
yams, binanas, and breadfruit. Breeding
populations of the domestic pig, dog, and
Jungle fowl were brought along as well, to
provide additional food sources in the new
landfall. The introduction of these crop
plants and animals (2t least sixteen Bpecies
in all}, and the clearancs of native forest to
accommodate gardens and  orchards,
marked the beginnings of what, over sov-
eral centuries, became a radical alteration
of the Hawaiian envireament,

In their double-hulled voyaging canoes,
the Polynesians carried far more than a set
of crop plants and domestic animals. We
have already seen that land snails (not
only Lartellaxis, but probably akso Lamel-
ldea oblongs and Gastrocopta pedicu-
lus) and a small rat, geckos, and skinks
were introduced to Hawail These species
were presumably all inadvertent stow-
aways on the vovaging canoes, and once
réleased in thedr new istand environment,
they must have undergane rapid popula-
ton expansion—particularly since the na-
tive fauna were unaccustomed fo serious
competition. We know also, from the
records of botanist David MNelson, who ac-
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companied Capt, James Cook on his third
voyage of 1778 (the European “discov-
ery” of Hawaii), that well established in
the lowlands were a number of tropical
weeds that also must have been dispersed
by the Polynesians, These weeds included
waler purselane, which frequents wet hab-
itats such as irrigated pond fields of taro,
and crabgrass, which abounds around pig-
pens. Like snails, rats, and lizards, these
weeds are powerful competitors; they
musl have immediately begun o replace
endemic lowland plants wherever the
Palynesians settled.

Bath the purpaseful and the inadver-
tent intreductions to Hawaii of a range of
competitive species by the Polynesians
provide s classic example of what the bat-
anist Edgar Anderson called “man's trans-
ported landscapes.” Mot only did the Paly-
nesians  surround themselves with an
imported Horz and fauna; they also under-
toak to actively modify and manipulate
their insular environment according to
cultural concepts that they had inherited
from their ancestors in the South Pacific
and, oltimately, Southeast Asia, Having
arfived in this remote Pacific archipelago,
the Polynesians did not simply adapi pas-
sively to its constradnts and limitations, for
like 2l human groups, they had their own
ideas and values concerning how the world
was 10 be ordered. As anthropologist Mar-
ghall Sahlins put it, the “action of nature is
mediated by a conceptual scheme” a
scheme that for the Polynesians included
such concepds as the efficacy of fire in
clearing forest for garden land, the feasi-
bility of diverting streams to feed irrigated
pand fields, and the suitability of broad
coastal mudflats for the construction of
large fishponds. In short, the Polynesians
saw their island world es a plastic land-
scape to be molded to suit the needs and
purpases of & growing human community,

As with other species that hed preceded
them fo these shores, the Polynesians who
colonized Hawaii underwent a rapid
population explosion, growing from prob-
ably fewer than 100 persons at the time of
first settlement to somewhere betwesn
200,000 and 300,000 at the time of Cap-
tain Cook’s first contact in 1778, During
the first few centurics after setflement,

HAWATI

the population remained small and the im-
pact of human activities on the native
environment was probably slight. But, as

the population increased at a geometric
rate, and the need for new agricultural
tand and the exploitation of wild food re-
sources increased, this impact became
correspondingly greater. By 1200 the
population had multiplied to a point where
the more marginal leeward coasts of the
main islands were being permanently set-
tled, and by 1400 large tracts of leeward
parkland and forest were being cleared to
make way for extensive field systems of
cultivated swest poteto and taro. At the
sanye tme, valley bottoms were being con-
vested to irrgated complexes, and the
broad reef flats of Kauai, Ozhy, and Mo-
lokai were modified by the construction of
several hundred stone-walled fishponds
for the husbanding of mullet fish. By
1600, probably 80 percent of all of the
lands in Hawaii below about 1,500 feet in




elevation had been extensively altered by
the human inhabitants. Today, only a few
small areas of remnant dry or moderataly
moist foreat hint at the foemer diversity of
life in the lowland areas, Clearing of these
habitats to make way for agricultural
fields resulted in the extinction of untold
numbers of species of plants, arthropods,
land snails, and birds,

Like tropical agriculturists everywhere,
the Polynesians made extensive use of one
greal tool, fire. Polynestan agriculture wes
essentially a form of shifting cultivation:
tracts of forest or bush were cleared and
bumned 1o create garden plots; after sev-
eral years of cultivation, these would be
abandoned to secandary vegetation, and
new plots would be cleared. As the popula-
tion of the islands increased, however,
many arcas were gradually converted to
more or less permanent cultivation, elther
dry-ficld systems on the leeward slopes or
irrigated pond fields in valley botloms.

At inland view of Wailniea, Kmuial, by
shipboard artist John Webber shows the
dispersed settlement patiern that
characterized the Hawaiian fandscape at
the time of Captain Cook's arrival in
I778. The early Hiwaiians made
extensive use af fire to clear forest for
agriculture and to maintain grasslands.

AL

Fire was also used to maintain tracts of
grasslands created through removal of for-
eal. Archibald Menzies, who was with the
explorer Capt. George Vancouver in
| 792, observed a great fire that burned off
thousands of acres of dry tanglehead (pili)
grass. Menzies reported that the Hawai-
ians purposely set such fires every year ar
50, s “the next crop of grass grew up clear
and free of stumps, and was therefore bet-
ter adupted for thatching their houses,”

The clearance of large tracts of leeward
slope and valleys, and the replacement of
native forest with cultivations and second-
ary-growth shrubs and grasses, had an im-
pact not only on the life forms of the is-
kands but also on the physical landscape
itezlf. Removal of native vegetation had
the effect of cxposing hillsides and slopes
to erasion, and it now appears that the rate
of erosion in some areas increased signifi-
cantly after the human colonization of
Hawaii. On Molokai Island, extensive ak-
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luvial deposits at the base of the Halaws
Valley have been dated to the thirteenth
century and are believed to reflect erosion
caused by forest clearance en the valley
sides. Charcoal in the erosional deposits
indicates that fire was used in the forest
clearance. The deposits also contain—in
the lower leveb—thousands of shells of
endemic land snails that testify to the di-
versity of the original forest habitat prioe
to chearance.

The increased crosion and deposition of
elluvial sediments in valley botioms cer-
tainly had consequences for the Polyne-
sians themselves. In the upper Makaha
Valley on Oahu, forest clearance on Rleep
ridges caused a major mudslide that bur-
ied the fields and ditches of o complex of
irrigated taro fields under thousands of
cubic yards of sediment. Archeclogical
excavilions in this field complex revealed
this major gecmorphic event and further
showed that the valley's occupants had la-
bariously dug themselves out of the mud
and rebuilt the irigation complex. Probe-
bily not all ercsion had such deleterious ef-
fects. In some areas, such as Kahana Vaj-
ey on Quhu, increased deposition of
sediments may have helped create alluvial
food plains more suited to the construe-
tion of irrigated fields than the original
villey bodtoms.

In the past decade, archealogical inves-
tigation in Flawaii has disproved the ald
assumption that the Polynesians did not
have a major impact an their island envi-
ronment. We now have evidence that at
the time of initial settlement by Polyne-
sians from the Scuth Pacific, the Hawai-
ian Islands supported & much more di-
verse florn and faune than were recorded
by the carly European naturalists some
fourtesn centuries later, The impect of the
Polynesians was, naturally, strongest in
the lowlands, where they transformed vast
areas of native forest into a cultural land-
scape of agricultural fickds, grasslands,
i habitations. While we are still just be-
ginning to understand the scale of this hu-
man modification of a remote oceanic ar-
chipelago, the Hawaiian case serves 1o
remind us once again that the study of na-
ture is in many ways inseparable from the
study of culture. O
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Mew York Foological Joclety con-
servation rescorchers in the field.

Micolaos Papageorgion has com-
pleted research on the population
ecclogy of the agrimi {Capra aegra-
guk erefica), native to Crete. He fo-
cused his study on the Theodorou
Wildlife Reserve—a small (168
acres) island just offshore from
Crete. The agrimi were established
there with the release of one pair of
goatls in 1928, another pair in 1937,
and a third in 1945,

One of four subspecies of the wild
goat, Capra aegragus, the agrimi 3
now seriously endangered. In the
White Mountains of western Crete,
where it still occurs naturally, inter-
breeding with domestic goats may
lead to its extinetion through hy-
bridization. Today the Theodorou
reserve alone offers any security;
end even that is uncertain, Without
natiral predators on the island to
conteol their nwmbers, the goats
have muliiplied to the point where
they are over-grazing their food
supply. Papageorgiou's study clearly
documents the serious effects this is
having on the island’s vegetation. To
preserve the agrimi on Theodorou,
it will be necessary o reduce their
numbers and to stimulate the recov-
ery of food plants presently disap-
peating before the hungry animals.

James M. Layne has found a
promising increase in the oumber of
Audubon’s caracara {Folyvborwus
plances sudiboni) in Florida, The
bird’s slow disappearance thers had
prompied the Florlda Commiliee on
Rare and Endangered Plants and
Animals 1o list it as & “threatened”
apecies in that state,

This beautiful, vulture-like faleon
also occurs in southern Texas, Ari-
zona, Baja California, through biex-
reu south to Panama, and in Cuba,

In south-centenl Florida, it is a char- |

actaristic inhabitant of open praires,
whera it may be seen perching on
fence-posts or pacing along road-

28 Animal Kingdom

sides in search of food, 1t feeds on a
varizty of prey including inszcis,
amphibians, snakes, birds, and
mammals, and frequently on carrion.

Though no more than 100 cara-
caras were thought to remain in
Florida four years ago, Layne’s pre-
liminary survey indicates that as
many a5 140 may live there today,
Future surveys will confirm or deny
this potential signal of population
stahilization.

Over-exploitation of reptiles in
the Amazon and Putomayve Rivers
in Ciolombia has led Roger W. Foote
to survey the caimans and side-neck
turtles thers, Specifically, he will
document the geopraphic and sea-
sonal abundance of black, common,
dwarf, and smooth-fronted caimans,
as well as yellow-spotted, six-
tubercled, and giant side-neck tur-
tles in parts of bath rivers and their
tributaries.

For many years the caimans have
supplied hides to cormmercial hunt-
ers, and the turtles meat and egos
for the cooking pot, to the point
where both have virtually ceased to
exist in the region. Foote wall eollest
data on their reproductive cyeles,
ehavior, and reproductive suecess;
their population composition; and
their continued use by people in the
area. He i3 eoordinating his work
with a survey that MNYZ5S Conserva-
tion Fellow Federico Medem i3
conducting on South American
erocodilians,

Leslie Garrick, of the MY Z5 Cen-
ter tor Field Biology and Conserva-
tion, is initiating & study of the
ecology and behavior of the Ameri-
can ¢crocodile { Crocodylis aeunis).

Extinction threatens this reptile over
mast of its range—southern Florida,
the Greater Antilles, Central Amer-
ica, Calormbia, Peru, and Venezuela,

The American is one of the most
variable of crocodile species. Earlier
researchers described several sub-
species based on geopraphic varia-
ton in morphology, And striking
behavioral differences have been ob-
served  between populations, For
example, females of some popula-
tions lay cges in hole-nests dug in
the sand, while others deposit them
in mounds of vegetation or earth
that they scrape together, Better
understanding of the species will
permit the design of sound manage-
ment practices to assure its contin-
ved swrvival.

Charles A. Ross’ nearly completed
project will contribute to the im-
proved management of American
alligators (Alligator mississippien-
5iz). Working under WYZS confract
to the U.5. Fish and Wildlife Serv-
ive, Ross is defining the morphologi-
cal variations within individual
alligator populations and comparing
them to the wvariations found
throughout the species' ramge. He
has examined large numbers of
specimens in Louisiana, Florida, and
Georgia. One unexpected finding to
date iz an apparent morphological
difference between capiive-reared
and wild alligators,

Eesults of this project will be ex-
tremely useful in federal or siate
plans to translocate alligators, Such
shifting of populations sometimes
leads to interbreeding and loss of
genstic wariability, Ross will also
compile an extensive bibliography
on the American alligator,

Thomas Struhsaker, Research Zo-
ofogist for the NYZS Center for
Ficld Biology and Conservation,
spent July and Auwpusi, 1974, re-
searching primates and their habi-
tats in northern Colombia. He and
a weam of zoologists—Morman J.
Scott, Hernando Chirivi, Kenaneth



Sgulrral monkey
P,

Glander, and Jorge Fuentes—had
intended to clarify some of the pri-
mate conservation problems there,
They found conditions worse than
expected, Mot only had spriculiural
development already destroyed
most of the rain forest, but heavy
hunting threatens the few paiches
that remain.

In September, Struhsaker sur-
veyed the 1,481 482-acre Macarena
National Park. It is Colombia's larg-
est park and the home of many rain-
forest animals including howler,
capuchin, spider, woolly, and squir-
rel monkeys, tapirs, brocket deer,
peccarics, and numerous birds. Un-
fortunately, squatters are destroying
this spectacular sanctuary as they
imvade its boundaries in scarch of
farmland.

The loghooks of Mew England
whalers from 1800 to 1860 are be-
ing tapped for new information
about the decline of sperm whales
(Physeter ealodon). George W.
Schuster is using the records to show
the decline in sightings—thelr ex-
tent, nature, and fiming—of, first,
the large sperm whale bulls, and
then entire pods. He also hopes to
learn more about the whales' rate
of decreaze in size, as well as their
behavioral reaction to the approach
of whale boats,

The Socicty’s first director of the
Mew York Aguarium, Charles H.
Townsend, used old loghoolks in his
1935 study of whales' seasonal
movementds; and data for this cen-

tury have been pathered by other
researchers. Schuster aims. o pre-
senl more detail than the earlier
studies. Further, his compilations
will permit comparison between
analyses of recent records and those
of the earlier hunters.

French Frigate Shoals in the
weslern Hawaiian Islands harbors
the last remaining green turtle rook-
ery in United States waters, The
large numbers once prominent in
Florida succumbed to the nets of
the turile fishermen in the last cen-
tury. During the past two years,
George Balazs has been making ob-
servations in Hawaii on the natural
predators of hatchling turtles, egg
fertility, and embryo and hatchling
mortality. He also collected evi-
dence of illegal poaching, and cen-
sused the population.

Grean saa Tumla

The French Frigate rookery is
unigque in all the world, since it is
the only place where adult male
grean turtles come ashore to bask in
the sun. Regrettably, this recent
study—performed under contract to
the UL.S. Fish and Wildlfe Service—
indicates that the total population of
green turtles {Chelonia myvdas) nest-
ing in the Hawaiian Islands includes
fewer than 200 females.

The Bahamas National Trust,
with Society support, has construct-
ed a barricade across an estuary of
Great Inagua Island in an attempt
to protect and confine a group of
grecn sea turtles being ruised there,
It is hoped that, once these turtles
mature, they will nest on the estu-
ary beach, thereby re-establishing a
rookery for the species in the Ba-

hamas, Although the green

was onge sufficiently pis;
throughout the West Indies 1 ./,
13 name to several eays, it is now |
danger of extinction there. 1f 1
semi-captive propagation effor:
proves successful, the same tech-
nique may be used elsewhere to e
build loet populations of these ma-
rine reptiles,

Also in the Bahamas, Walter
Auffenberg, WYZS Conservation
Fellow, is investigating the ecologi-
cal and behavioral requirements of
rock iguanas {Cyelura species).
These large herbivorous lizards are
vanishing from many aress where
they were once abundant; Several
species already have become extinet
in the Virgin Islands, Puerto Rico,
and Mavassa,

On Crooked, Watlings, and An-
dros Islands, and the Turks and
Caicos Islands, Auflenberg has re-
corded the lizards' dietary com-
ponents, growth rate, and reproduc-
tive cycles. Further, he has found
that the rock iguana populations
geem to be decreasing with the
growing nombers of introduced pigs
and dogs.

As part of his eontinuing study,
Dietrich Schaff hazs completed an
initial census of the endangered
northern swamp deer (Cervus du-
vaucell duvauceli) in the Sukla
Phanta Royal Shikar Reserve of
Mepal. While 1,250 to 1,500 indi-
viduals were formerly estimated to
be living in the reserve, the current
census figure is considerably lower,
This study is beginning to yield data
on herd compaosition, foods, and in-
teraction with other species, includ-
ing man and his livestock, Schaff
has also documented the fact that
the deer in Mepal timidly flee at the
sight of man, while those in north-
ern India’s Dudhwa Sanciuary—
where poaching hos been eliminated
—are more Wlerant of humans,

—F, Wayne King

Fabruary/March 23




e e n 52 SCIENCE
Wl Loy fw} W
/L,,f,%w 5

7¢

Prehistoric Hawaiian Fishponds

William K. Kikuchi

Wl A A

Copyright® 1876 by the American Association for the Advancement of Scienee



Prehistoric Hawaiian Fishponds

Indigenous aquaculture influenced the
development of social stratification in Hawaii.

Ever since the discovery of the Hawai-
inn Islands by Captain James Cook in
1778, Polynesian and Hawaien special-
15i5. have been intrigued by the factors
that caused the development of the high-
Iv stratified chiefdoms found in the Pacif-
ic. The culiwres of Hawai, Tongs.
Spmoq, and the Socicty lslands were
atructurally complex, with well-defined
atatus separating the high chiefs. chicfs,
advisers. stewards, and commoners. Of
these iskand groups, Hawaii had the most
highly stratified society. If we assume
that all of the cultures of Polynesia are
ancestrally related and that they all share
a coanmon linguistic, technological, and
agrnculivral  base. then the question
arizes of why s high level of complexity
wiag achieved in only these four island
Eroups.

Wittfoael () claims that irigation sys-
tems had a direct influence on the emer-
gence of political power and on the devel-
opment of a statelike government. Fried
(21 atates that in Howadi the confrol of
wikler resources was used o bolster con-
trol over the land. According 1o Sahlins
(23, the control of water resources was
uchieved by restricting access 1o irmiga-
tion waler rather than fo the land. Sah-
lins attribotes the evolution of political
stratification fo technological and envi-
ronmental factors. All of these authors
imply that the development of bureauc-
racy in the Hawaiian Islands resulted in
purt from the control of waler sources,
specifically, irrigation systems, rather
than from the direct control of knd,

The word irrigation implics agricul-
e, OF the many theories concerning
the development of Hawailan culture.
most center around the productivity of
the sgriculiural system. The system of
ditches that fed and dramined the taro
(Colocasia esculenra) plots is always
seen as proof of engineering and agricul-
tural skills. 1 supgest, howewver, thai
there is another importanl area in the
study of the complexity of Hawaiian cul-
ture, This is the aguaculiural system,

William K. Kikuchi

which | do not see as an entity in itself
but a5 one end of & continuum of food
production technologles (Fig, 11, The
Tishpond system paralleled the agricultur-
al irrigation system in many ways: thit
15, it dealt with the access to, restrictions
o, and management of water resources.
In this article I attempt o place the
fishpond into such & ¢onmtext—o de-
scribe both its technological and political
rodes im culire.

Strung along the southern shore of the
islund of Molokai are a series of pre-
historic  fishponds whose remains can
still be seen within the calm shoal wi-
ters. These remmants are only a fraction
o the extensive aguacultural system tha
was evident on all of the mapor imbabited
islands of the Hawaiian archipelsgo
around the turn of the 20th century . Over
the years. the ravages of high seas, tso-
namis, foods, carthquakes, lava flows,
and fecionic setivitics have greatly al-
tered most such sites. Chiite recently,
fishponds have been filled and destroyed
by commercial and “indostrial devel.
opment. Some of the sites are now
fringed with houses  and.  sdustrial
parks—foreign and incompatible envi-
romenls that exhibit these sites ag odd-
ities, fossils of the past. Monetheless, in
isclated regions of the Islands & few fish-
ponds coan still be found in a relatively
pristine environmeni,

Urigins

The date for the origin of Hawaiian
fishponds will probably never be known,
It certainly is nol within the reach of
traditional archeological dating tech-
niques.  Mythological and  legendary
sciirces are the only means currently
available for gauging the antiquity and
the nature of the orgin of fishponds.

The bwlder of the first Hawaiian fish-
pond i traditionally scknowledged to be
kui-"ubpskal, who lived in an undated
period of the Heroes and Gods. Ki-"ula-

kai constructed the fishpond at Kalwio-
pele in the district of Hana on the island
of Maui ). According to mythological
siiirces (5], the fishponds of Alckoko
and Momila on the island of Kauwal were
built during the perind of the mythical

Hawaiian dwarf-elves, the menehune.
Associnted with them s Chief (Ma,
whose historical placement remains un-
known bt who is alleged to have ruled
in wery ancieot times. The fishpond is
commonplace in legendary Hiesature at-
tributed fo the 14th through the [9th
ceniuries; therefore it can be conjeciured
that fishponds appeared in the Hawaiian
Islands sometime prior to the [d4th cep-
tury AT,

A survey 6 of aquaculiural feaiures
in Oceania reveals a lack of true fish-
ponds {that is. bodies of water primarily
intended for the raising of fish), with the
exception of pomnds in the Gilbert Is-
lands, where further study is needed. I
propose that coastal fishponds in Hawaii
evilved from irrigated agriculiural plois,
o'l kolo, and became one end of & contin-
uum of & basically agricultural, we-plo
system, On the basis of the barest and
most guestionzble evidence from tradi-
tional material, 1 also propose that the
fishpond was an independent Hawaiian
imnovation.

Typology

Four basie (vpes of fishponds were
developed by the prehistoric Hawanans:
boko i'a kalo, boko wai, loko pu'uone, and
lxko kuapd (Fig. 2). The prefix loko re-
fers to any pool, pond, lake, or other
enclosed body of water {7, while the
suffixes denote the apecific tvpe of fish-
pond. Alihough there were many varia-
tions within cach type. the Hawaiians do
nod seem o have used separate names to
ilentify subtypes,

Loko i'a kalo were irrigated agriculiur-
al plots for the growing of selected fish
{i'a), such as aholehole (Kuhlia sand-
wichensis) and "o'opu (Eleorrdae and
Cronliidne families), and of tare (kalo),
Like other irrigated agricultural plots,
loko i'a kalo were fed and drained
through a system of ditches, Some of the
fishponds were simply agriculiural plos
in inland areas or along the shore where
both tare and fish could tolerate the viry-
g deprees of water salinity.

Loko wal wers inland ponds  and
kakes, nsually found close 10 the shore,
Since they mosi often hed natural con-
nections to the sea by way of dilches or

The author ig archeolopst and instrucior in an-
thropology sl Bemi Community Collage. Litme,
Hawenis BOTHE.



streams, these fishponds, although called
freshwater {wai} by the Hawsiians,
would have been purtially brackish be-
canse of tidal action. Aholehole: "o’opu;
amaama, or mullet (Mogil cepholus);
awa (Elops machnarta); and awa’aus, or
milkfish (Chaneys cheeo). all tolerant of
both fresh wnd brackish swater, wenre
some of the fish raised m boko wai.

Loko pu'uone were coastal bodies of
water that had been either strunded be-
cause of custatic sea-fevel changes or
isglated through the formation. by sea
gction,  of loose,  imrepular walls
(pu’uone} of sand and coral detritus, The
permeahility of the walls allowed sewwa-
teir Lo percolate through, while fresh-
witer springs along the shore providesd
internul seepage, Becaise of their pros-
imity to the sea and becsuse of their
witler salinity. loko pa'vone resembded
natural estuarine habitais. Their fish
were preferred as delicacies because the
native Hawaiians believed that brackish
to salt water produced a more savory
fish than did freshwater,

Usually located in shallow shoal areps
along the coast were koko kuapd, fish-
ponds whase primary isolating foature
was o woll of stone, coral blocks, or both
as the hackbone (kuapi). The kuspi
core, Usually of sione, was purposely
mude permesble in order to effectively
abaorb the forces of its containing body
of water (either the sea or a river] while
allowing a limited amoont of water o
fiow  through to redice stagnation.
Where the core was of earth, such as that
found in loko s kale or loko wai fish-
ponds, other means of allowing water
circulation were meaeded because the
carth prevented water from entering oF
leaving the poad.

Ceomorphadogical Consbderation

A positive correlation exists belween
the geography and geomorphology of an
island and the type. size, shape, and
lpcation of a fishpond (83 (Fig. 3. The
favorable geographical fesfures sought
by the ancient engincer-architects were
shallow shore areas protected by long
fringing reefs, naturs] bodies of waler
inlandd or along recky rugged coastlines,
barrier beaches with large bodies of wa-
ter irupped behind them, and shore arcas
with seepage of freshwater through natu-
rel springs, sireams. or rivers. A survey
of the aquacultural system of prehistoric
Hawail {6) suggests that ancient Hawai-
ians utilized proctically all sizable bodies
of water for the construction of fish-
ponids,

Architectonic Fealores

Each of the fishpond types hal some
distinguishing architectonic feature, tor
cxample, o primary wall, secondary
walls (pdl), o ditches ("auwai] and their
accompanying sluice grates (makahd).
All of these were permancni and non-
mohile in pature, Inoa recent siudy of
selected fishponds ), the mepn width
amd height of 37 pond walls was comput-
ed to be 2,02 meters wide by 1,17 meters
high. and the average length and wolume
of 90 pond walls was determined o be
487.68 meters and 9549 cubic melers,
respectively (51, The volume of the most
massive seawall (kuapd), that of Kaloko
fishpond on the island of Havwaii, was
calculited as 4248.08 cubic meters. In
compariaon., secondary walls were small
and crsdely constrscted, While seawalls
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Fig. |. Agriculture to aguaculiure schematic of relationships without regard to chronology .
The products of both systems are shown as @ fonction of emphasis, with agriculiure and
nguaculture ns extreme ends ol resoOnce mansgement,

were intended o withstand the forces of
erosion and to hold the fishpond intact
ower long periods of time, secondary
witlls served fo partition the calmer inte-
ror waters inio aguatic pens.,

The Hawaidisins mude a distinclion be-
pween ordivary  ditches {"auwai} and
those associated with the scawall (auwai
o ka makahd), "Auwal were channels,
usualdly @ meter or (wo wide, that con-
nected the fishpond with oilside sources
of watter, These features served to allow
circulation of water while introducing
diggolved  noirients  from without,
"Auwai o ka makahd, on the other hand,
copsisied of that short portion of the
ditch that passed through the seawall;
these were always associsted with the
makahi, or sluice grate. Sluice grates
were stationary structures that consisted
of spewed, vertically placed wooden
sticks lashed o two or more horzontally
placed sticks; these were placed in the
ditch 1o act a5 & sort of filter for debris
andd karge fish.

The number and location of - sluice
grafes seems i have been a function of
the size of the Ashpond and of the pre-
vailing current patterns. Most often
there were two grafes, A shelter for the
canetaker, hale kin'i, was associated only
with the loko kuapd iype fshpond.
These small mudimentary shucks werne
placed adjacent to the stuice grate area i
erder o provide the caretaker with some
prodection against the elements while he
giiarded against poachers.

Cultural Significance

The prehistone Hawaiian fishpond is
an innovation nob seen in other culiucal
areas of Oeeania. [is evolution from s
simphe technologicnl device into o sy
bl of status and power is significant
from the vanlage point of the devel-
opment of stratified socictics in the Pacif-
1.

The universe of the native Hawaiian
was a delicately balanced, tri-stale sys-
tem of the supernstural, the natural, amd
the cultural. Intertwined and integrated
with one ancther, these three influences
permeated every aspect of Howaiion Life
There were four “naticnal™ gods—KQ,
Kane, Kanaloa, and Lono—who, with a
multitude of demipods and puardizn spir-
its, manifested themselves in every form
of nature, from rocks and plants to atmo-
spheric phenomena and ranning water.
These served as consiani reminders of
the samctity of all forms of earthly mat-
ter,

Complementing the pods were the



ali'i, or chiefs, whose status within the
highly stratificd order of pobility was
determined by their genenlogical proxim-
ity [ the gods, Pedigree as well as privi-
lege was correlated with individual link-
age oy both penealogy and the rights from
congquest, Since each god had super-
misturad power, the human coanterpares
alsoy possessed this mang, power be-
stowed directly or indirectly from a su-
pereiirl source (0), but in lesser de-
ETeE,

There were two Iypes of chiefs that
were associated with fishponds: the ali'i-
‘wi-moku, or paramount chief, and the
alt'i-"ai-ahupua’a, who were lower chiefs
of land sections, or ahupus’a, All of the
land with ifs resources and produce was
owned by the paramount chiel, Specific
fishponds, in partiular those noted for
their antiguity or productivity, as well as
all major temples, were also owned and
coniredled by the paramoum chiel os
manifestations of his supreme rights, in-
cliding his right of ownership and his
right to rule. Other fishponds were feu-
dalistically contracted to the chiefs of the
various land sections, whe, in turn, prob-
ably lefi control of the smaller fishpond-
sgricultural plots (loko i's kalo) to the
commoners, IF this ownership pattern
was in facl common in prehistoric Ha-
wiill, B pavcity of sites would be expected
around fishpomds,

A study @6, 10} was made of the puk-
lished archeological surveys of ten fish-
ponds and their surrounding archeolog-
cal remains (o determine the nature of
the settlement pattern around  them,
These sites {1} are the only ponds Left in
the Hawaiian Islands which have o
been denuded of their archeological sites
during the course of historical coastal
development. The features that are di-
rectly associated with fishpond sctivity
and that are consequently to be expected
around ponds are canoe sheds, net-
drying arcas, the caretakers’ house sites,
and burial platforms. The number of
sites expected is small, and they should
b widely distributed over the landscape.

Canoes sheds were discovered only on
the inland side of Kaloke fishpond on
Hawaii Island and were disgnostic of
other structures with stored canoes, En-
closures and mounds hined with stone,
common structures for the cultivation of
sweet potatoes and yams, never oc-
curred in large numbers but were scat-
tered where the bedrock allowsad sofl and
humus to collect. A total of 24 house sites
wis found at seven fishponds, for an
average of more than three per pond.
The mode was two, while the largest
wimber of house sites found at one fish-

pond was seven. This is & very small
number, in view of the facd that o typical
Hawaiian house site was o complex usual
I¥ composed of two or three separate
structures, (Mher features found near

the  fishponds were platforms, burial
mounds, shelters, and walls. Such fea-
tures ranged from 12 to 20 per fishpond.
Although no chronological relationships
have yet been established for these sites,
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Fig, 2. The four basic Hawndion fishpond types. (A) The lokao i'a kalo, locuted in am inkand
area; (B} the koko wai, o natural lake arificially conmecied o a stream by a ditch; (C) the loke
pu'uone, ponds created by coastal barser beaches, artificinfly connected 1o esch oiber, and
druined by a ditch: and ([ the loko kuapd, twa ditches and n seawnll isolating o coastal body of
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there are not enough of them o have
supported any sizehle portion of the pop-
plation even if they were all in use simul-
tanepusly. 1 expect that an effort was
made 1o discoursge scitlement around
fishponds, possibly 1o prevent poaching
as well as to eliminate undug noise and
sewnge pollution.

Philosophically, fAshponds were han-
iled as if they were simple extensions of
irrgated torg plots. That is, they were
seoded (stocked with muller fry) (127,
fertilized (mulched with cut grass and
pieces of mussel, clams, and seaweeds)
{111, weeded {cleared of algae) (f4), and
harvested, The gods abhorred filth, sew-
g, and kitchen refuse, and, in hisioric
times, cven the use of chemicals was
phsolutely prohibited in Ashponds  and
taro phots. This philosophy prevented
fishponds from attaining optimem yield.

Unfortunately, the yvield of Hawaiian
fishponds in prehistoric times will never
be knowm; native accounts tend only to
cxagperate the abundance of fish, Only
Cobb (15} took exact care in his docu-
mentation of the vield of Hawaiian fish-
ponds, His study., made in 1901, i5 the
only source available For use in making
projections about prehistoric veeld.

A tally was taken of all fshponds for
which documented screage 15 available
65y Out of & toral of 360 ponds of all
iypes, acreage is known for MM, giving 4
total of 5608,4% acres for an arithmetical
average of 18.44 acres per fishpond. Ac-
cording to Cobb's figures for historic
vield on the islands of Kauai, Cahu,
Molokai, and Hawaii, the vield of pre-
ferred fishes (which would have consti-
tuted the major part of the total) from
ponds was 07,9004 kilograms of fish per
anmum, This averages o 3063.8 kilograms
of fish per pond. or 166.1 kilograms per
pore per annum. (In comparison, modern
southeast Asian fishponds yicld approxi-
mately 1800 kilograms per acre per an-
num. ) I we sssiime that 360 Ashponds wens
yiged prior to Captain Cook's discovery of
the Islunds in 1778 and use the svernge size
of 1844 acres per pond and & yield of 158.56
kilograms of fish per acre per annum, it
can be calculated that the anoual fish
production for afl the Hawaiian Islands
amounted to somewhere in the vicinity of
1,052, 518.3 kilograms. At the time of dis-
covery in 1778, the estimated population
of the Islands was 30,000, On the basis
of this fligure, each individwal coald have
been allotted o total of only 3.62 Kilograms
of mullet, enpounder, amd milkfish per
year if the produce of fishponds had been

open for public consumption. It can be’

readily ascertained that the fshponds
would have been guickly depleted of

their produce If they had served the en-
fire community. Bul if fishponds were
not designed to provide a significant
source of protein for the populace, what
wits their role in that prehistoric society?
It seems very likely that selected fish-
ponds played an important symbiotic
rosle in the nature and development of the
chiefdom, in particular, of the royal
court.

The Hawiimn court was centered
about its ruling chicf, und surrounding
him was u large retinue of relatives, ser-
vants, specialists, pricsts, warriors, and
emertniners. The court had no per-
manent scat of government but moved
phout From area to area. Although highly
mobile, the court =tll had o be fed and
have s supplics furnished. This was
accomplished by lapping local sources of
fosond throughout the realm of the chief, 1t
is known that, within the agricultural
syatem of the Islands, certain agriculiur-
al plots, ka'ele, were set aside strictly
for the chicfs. It seems, then, that fish-
ponds became the aquaculiural eguive-
fent of the kd'ele, offering an ever-ready,
sufficient supply of food. These fish-
ponds were exempd from the coastal re-
strictions on- fishing during spawmning
times and could provide fish, crusta-
ceans, and senweeds at any tme of the
year, regardless of the vaganes of the
wenther, The court could freely tap its
own resources without unduly burdening
the commuoners or stripping them of their
supplics. As the power of the chiels in-
cremsed, and as the size of the court
grew, the political and economic nles of
fishponds probably took: on different
mesnings in meeting the needs of the
royaliy.

In order to effectively maintain control
and organization of his lands, the para-
maoiint chief established a bureaucrzcy of
specialisis whose status and role were
fiemly spelled put. The first of these was
the priest-architect, kahuna, Inoall of 1he
chief's projects. whether the alicration
of a1 taro plot or the construction of a new
loko kuapa pond, & priest wis consulted
1o advise the chief on ol related engineer-
ing matters, from selecting the location
to determining the dimensions of the
site. These kahuna-kuhikuhi-pa'oone (7,
167 were specialists who knew the geog-
raphy of the land., the nature of the resi-
dent spirits of the site, and the total lore
of the native religion. Only by maintain-
ing concordence with the gods and the
guardian spirits could the success of any
project be ensured and productivity
made possible.

* Two further members of the burcaoc-
racy connecied with aguaculiore were

the land overseer, of konohiki. and the
caretaker of o fishpond. the kia'i-loko,
The land overseer was a male of chiefly
status who served his superior by car-
rying out orders handed down o him.
Superintendence  duties  surrounding
aguaculiural sites included  instructing
the tenanis of the land when and where
to construct, repair, and clean the differ-
ent agiaculivral structures, In meoy in-
stances the konohiki also served as a
warden o contral poaching. Each loko
kuapi fishpond apparently had one or
more carelakers, kin'i-loko, who lived
with their families af the site. These men
patrolled the pond. cleanesd it and, when
instructed to do so, harvested the fish.

In wiew of the statistics on the dimen-
sions of fshpond walls, the amount of
waork involved in their construction and
upkeep musl have been considerable,
Kamakau (I7) estimates the manpower
requirement For the reconstruction of
several fishponds on the islands of Maui
and Hawail ar around 10,080 men. The
massiveness of even the shortest prima-
ry walls indicates that these constriciion
projects were nol based on the whim of
commoners but were developed by indi-
viduals of status who coukd command
and supply a large body of workers.

Duiring intervistand wars of congieest,
inveders often destroyed the irmigation
ditches that fed fishpomds and agriculiur-
al plots (/&) and tore down fshpond
walls (19). The destruction of both apri-
cultural aml agquaculral systems effec-
tively depleted the supplies of both com-
moners and elite for many vears, There-
fore, civil projects were necessary by
both the conguercd and the conguerors
to reestablish their food sources. Tt was
considered a commendable deesd for con-
quening «hiefs 1o spend fime repaimng
broached fishpomds.

Culiural and Relkgious Sanctions

Fishponds were protecied by both cul-
tural sanctions and religious restrictions,
The paramount chief, through his over-
seer piwd caretakers, physically operated
and guarded the fishpond and its environ-
menl. Proclaiming the sanctity of all of
the chief's property was the kapu. a ta-
boo that wis made visible by tving strips
of white barkcloth 1o stakes along the
property boundory or along the shore,
whichever the case might be,

Pullution in the form of sewage, rub-
bizh, and offal aot only dirtied the physi-
cal environment of the fAshpond but in-
sulted and viokated both the chiefs taboo
and the relighous sanctions guarding the



area, Religions coptrods in the form of
traditional lore and mores wers not di-
rectly manifested in the form of specific
signs, such s taboo markers, Insiewd,
their wiplation resulted in the dis-
appearance of fish, crustaceans, and sea-
weeds and in sudden calamities such as
finods, tsunamis, and storms,

All bodies of water, from the smalbest
pod to the largest fishpond, were the
domicile of guardian spirts, mo'o, which

manifested themselves in lizardlike or

mermiid form. Their role was o protect
their walery domain from man-made pol-
lution in order to ensure an abundance
und proliferation of aguatic foodstuffs. I3
was the duty of the caretaker of a koko
kuapd 1o make offerings regularly to the
puardion spirits at certain  designated
times of the lunar month; appeasement
wis likewise made through such offer-
ings, DHsrespect, in the form of verbal
insults. of polluting the pond water with
sewage, offal, or corpses, or of the pres-
ence of women in their menses, was
consikdered sufficient cause for the spirits
to denude a terrtory of I8 resources,
Since famine was greatly feared, gross
vinlation of culiural mores was punish-
able by death or by plucking out the eves
of the offender (20},

In order to restore o fishpond to o state
of productivity, a ritval was performed
to appease the guprdinn mo’o. This cere-
mony haz been documented for Hang-
loa (21} and Kuapa (22}, fishponds on the
iglomd of Owhu, In each case, offerings
were made ab specific shrines near the
ponds in the early down howrs of the last
phase of the moon. This night was the
night of Kane, the god associated with
life and with maleness, and thus with
procreation,

Deecline of the Fishpond

Dascovery of Hawaii by Europeans in
1778 mitiated tremendous chonges in all
aspects of Hawaiian culiwre, The grean-
st burrier fo change fell in 1819 with the
abolition of the kapu system. This effec-
tively destroyed the Hawaien religion
wnd with it the chicf’s supernatural right
to rule and his once undenimble control
of the land and all its resources. From
that time on. Western acculturation ac-
celerated af @ rapid rote, sand money
became the standard of exchange in
place of the barter system. The fishpond
wiss 0 longer a symbol of chiefly power,

but rather had to compete econgemically
in the local markel as well*as with im-
poris of foreign foods. Because of its
inherent inefficiency, its low vield, and
its requirement for frequent and exten-
sive maintenance, the indigenous sgua-
cultural system was doomed o decline
during the population decline of the 19h
century. Today, fewer than a dogpen pre-
historic fishponds are still in use through-
ort the Hawatian [shands. The miajoniy
of these are operated by their owners,
while a few are conteacted out (o lessees,
Unless these ancient sites are physically
altered. their econgnic impact on the
local market will remain minimal. It is
oy through complete moderniziation
that significant profits from fishponds
can be foreseen,

SumInary

Ome of the important fechnological
concepts thut was developed in the Ha-
wanian Istands is that of the fshpond.
From the 14th 1o the 19th centuries, these
sites served as agquariums for the raising
of selected fish, From ils inception until
the 1900)'s, the fishpond progressed little
in design and funcrion, Dis mudimentary
nature was a function of both technology
and religion. Because of the open diich-
es, sluice grates, and permeable walls,
Acither the tvpes nor the quantity of
Juvenile fish entering or leaving could be
controdled, In addition, religious bciu:f:‘..
prevented experimenting with fertiliza-
thon o incrense vield. Although seem-
imgly inefficicnt. the native aquacultural
system was nof intended 1o prodece a
greal amodnt of fish bt rather to vield
selected fish on call. Fishpomds became
symbels of the chicfly right o con-
spicuous consumption and to ownership
of the land and is resources. They were
manifesiations of the chief's political
power and his ability to control and tap
his resources, As soon as the native aris-
tocracy changed to a Western-siyle king-
dom,"the fishpond’s function changed,
until, by the 1930°s, the mapority were
simply archeological remains—mounds
and walls of rock along a river or shore,
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(Figs. 24 and 25), a shoreline amd inshore series of stations which also in-
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cludes ome station on the inner bay transect, and an offshore series of sta-
tions. Standing crop, species diversity, and species composition are shown
in Table 18.

The inshore section of the bay consists of a broad, candy flat which is
Succeeded some 30 m from the shore, at depths of 3 to 4 m, by a zone of isg-
lated colonies of the coral, Porites lobata. Beyond the zone of P. lobata,
coral cover increases and is dominated by P. compregea (see Coral Communi-
ties). Sediments of the bay floor are primarily calcareous.

The inshore stations (including the tidepools) are characterized by high
proportions of Bitiiwn parewm and B. zebrum, and relatively high proportions
of the rissoid, Rissoina ambigua, and pyramidellids (Fig. 25, Table 19).
Standing crop averages 7.1 shells/cm® and the species diversity index, H',
averages 3.8.

The outer bay stations are clearly distinguished from those of the shore-
line statiens by high proportions of Bittium fmpendsns, Rissoina miltozena,
Vitrigithna marmorata, and Tricolia variahilis. Standing crop is higher than
in the shoreline sections of the bay (¥ = 41.8 shells/em®), and the species
diversity index, H', also averages higher [4.2};

“Kiholo Bay

MACROMOLLUSCAN ASSEMBLAGES. The shoreline at KTholo, like that at Wai-
ulua Bay, is formed by a continuous fringe of basalt. The northern terminus
is steep, more than 3 m above sea level and theres is a short, vertical in-
tertidal zone. The mid-section of the bay consists of pebble beach and
benches of smooth pihoehoe. The southern terminus is formed by a low, flat
Pahoehoe bench with a broad, horizontal intertidal zone. A prominent feature
of the shoreline is Waiﬁanali.‘.i. Pond, which intrudes into the bay on the
northeast between the northern terminus of the bay and the central pebble
beach. The pond is separated from the bay proper by a rubble shoal.

The dominant supratidal mollusks are the littorine, Littorina pintado,
the nerite, Nerita ptesa, and, on the horizontal bench, the pulmonate limpet,
Siphcmaria normalis. The dominant mollusks of the intertidal and shallow sub-
tidal waters are the gastropods, Hipponic grayamus and Peristermia chloppa-
toma, and the bivalve, Tsognomeon perna.

i
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MICROMOLLUSCAN ASSEMBLAGES. Two assemblages of micromollusks are iden-
tified st Kihole in the similarity analysis (Figs. 26, 27}, ome associated
with a predominantly offshore cluster of stations (Group A, Fig. 27), the
other characterizing predominantly inshore and shoreline stations (Group B,
Fig. 27). Standing crop, species diversity, and species composition are
shown in Table 19.

The inshore area at EKiholo is comprised largely of sediments of black
sand studded with rubble at distances to 10 m offshore and at depths of less
than 1 m. A variety of corals, such as Porites lobata, Poeillopora mean—
dring, and Montipora verrucosd, als0 OCCUTS, although coral cover in the in-
shore area is sparse. A prominent freshwater lems is present along the
northeastern sector of the shoreline, from Wainanali'i Pond to the central
rubble beach, and the lens extends well into the mid-section of the bay, at
least during the early morning hours. This lens causes considerable turbid-
ity and reduced visibility, resulting in a rather uninviting prospect to a
diver interested in clear water and colorful coral comsunities. 5

The dominant micromollusks of the inshore stations are Bittium pareum
and B. sebrum. Two species associated with fresh water are also prominent,
Eatoniella sp. and Plemaxis sp., which occurred in 87% of the samples, Stand-
ing crop averages 9.3 shells/em®, and the diversity index, H', averages 3.7.

The dominant micromollusks of the offshore stations are Bittium impen—
dens, Vitrieithna marmorata, and Parashiela beetsi. The offshore stations
are distinguished from those at *pnzeho’omalu and Puakd by consistently loweT
proportions of Aissoina miltesona and higher proportions of Parachiela (Table
18). Standing crops average 31.9 shells/cm?®, and the mean of the species di-
versity index, H', is 4.4.

Three inshore stations occurring in the cluster of offshore statioms in-
clude mollusks associated with fresh water, Esfoniella and Flgnaris, as well
as pyramidellids which may be associated with sessil invertebrates, such as

~ oysters and sponges.

mﬁﬁﬁ“'HﬁIHAHALI’I POKD. Wainanali'i Pond is characterized by strong physico-
chemical gradients in the water column. These gradients primarily affect the
fauna in the upper 0.5 m of the water column where a brackish to freshwater
lens operates in conjunction with tidal flow and selects for euryhaline or-
panisms. The dominant maérnmallusks in the pond are, thus, two species which

are primarily associated with fresh water, Isognomon californicum and Ostrea
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agndiicenata. Details of the molluscan ﬁssemblages are described in the sec-

tion on Wainanali'i Pond.

Discussion

Benthic marine communities are traditionally separated into supratidal,
intertidal, and subtidal zones on the basis of discrete faunal communities

characterized by the regular occurrence of conspicuous, usually numerically

dominant elements of the fauna within each of the zones. MNo community of
organisms is continuous, however, and differences in topography, depth, water
chemistry, and the presence or absence of substrates such as coral, algae,

1 and sediment determine the occurrence of local, specialized assemblages of
organisms. The Kona Coast of Hawaii is a case in point: in the four bays
considered here, localized assemblages of organisms appear to be the rule
rather than the exception, and although each of the bays is generally charac-
terized by the traditional zonation pattern, there are also marked differ-

ences in assemblages of mollusks (and other organisms) among and within the
bays.

At Puakd the shoreline is one in which topographic and biotic features
are primarily determined by tides rather than wave action, and marine condi-
tions generally predominate along the shoreline. The overhanging kiawe
trees, the sparse intertidal biota restricted to a few boulders and basaltic
outcrops, and the presence of a broad, shallow inshore zone with coral growth
reaching the tide line reflect both the lack of wave energy and freshwater
intrusions in the bay. At ' Anaeho'omalu where the shoreline vegetation is

et i s e it i e i i =

restricted to the berm shoreward of the shoreline, where 2 wide, calcareous

sand beach forms a central feature of the bay, and where tidepools at the

northern terminus are surrounded by boulders encrusted with a rich growth of
Porolithon, the situation suggests that wave energy rather than tides is a
predominant determinant of the configuration of the bay. As at Puakd, marine
conditions generally predominate. At Waiulua and Kiholo, the basalt shore-
lines with pebble, rubble, and black sand beaches are suggestive of areas
recelving even more wave energy than is effective at 'Anasho’omalu. Fresh-
water influxes are noticeable features of the shoreline of both bays, indi-
cated not only by freshets of groundwater which gush from crevices in the

? basalt but by the freshwater lens present in the inshore areas of both bays.

] The assemblage of macromollusks associated with the shoreline and iﬁ—
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shore areas of the four bays reflect the conditions cited above. The most
consistently encountered assemblage of mollusks is that found in the rocky
supratidal, the assemblage characterized by ILitioring pintads, Nodiliitorinag
picta, and Werita picea. This assemblage is characteristic of all rocky su-
pratidal substrates in the windward Hawaiian Islands. One supratidal mol-
lusk, Littorina scabra, however, is found only at Puako, on the kiawe trees
overhanging the bay. This pastropod, which is widespread throughout the
Indo-West Pacific, is unusual in the Hawaiian Islends, and found only in
protected areas such as in bays and harbors (Whipple 1967]).

In the intertidal there are two assemblages of macromollusks, a marine
assemblage with Hipponiz grayanue, Morula growlata, and JTeognomon perna
most frequently encountered, and a freshwater-associated assemblage of Theo-
doxus neglectus, Jeognomen ealifornicum, and Brachidomtes erebristriatus.

At Puakd Theodoxus was found only in one shoreward tidepool. At 'Anaeho'-
omalu ITsognomon and Brochidontes were similarly found in a single area. At
Waiulua and Eiholo the four mollusks were consistently encountered the length
of the shoreline. That the freshwater intrusions at Waiulua and Kiholo are
permanent features of the shoreline is indicated by the distinct zonatiom
exhibitied by these mollusks azlong the shoreline at Waiulua Bay and in
Wainanali'i Pond at Kiholo.

Analysis of the micromolluscan assemblages of the four bays indicates
even more subtle differences among and within the bays. Some of the differ-
ences are summarized in the similarity matrix which includes all stations
sampled at Puakd, 'Anaeho'omalu, and Kiholo (Fig. 28). Two major groups and
five subgroups of statioms are distinguished. In one major group (Group A)
are the offshore stations of Puakd, "Anaeho'omalu, and Kihole and the in-
shore stations at Puako; in the other major group (Group B) are the shore-
line stations at 'Anaeho'-omalu and Kihelo. Standing crop and the species
diversity index are generally lower at the shoreline and inshore stations
than in the offshore stations (except for the high species diversity index
calculated for the inshore stations at Puaka).

T~ The distinguishing species of the shoreline stations at 'Anaecho'omalu
and Kiholo are Risscins ambigua, BLttiwm parcum, and B. sebrum. All three
species are ubiquitous shoreline species in the Hawaiian Islands, F. paroum
associated with frondose algae, Rissoina ambigua and B. zebrum with rubble.
The Kiholo stations (subgroup B2) are distinguished from those at 'Anacho' -
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FIGURE 28. DENDROGRAPH SHOWING SIMILARITY INDICES FOR PUAKD,
'ANAEHO'OMALU, AND KTHOLO BAYS
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omalu by the occurrence of Eatoniella sp. which is associated with fresh
water. The effect of the freshwater intrusions on the benthic marine commu-
nity at distances of some 30 m from shore is also indicated at Kiholo by the
presence of Eatoniella sp. (and Planarie) at three offshore stations where
the freshwater-associated species are admixed with marine species (Table 5).
The admixture of species associated with freshwater and typically marine
species at these stations suggests that although the freshening effect per-
sists offshore, the low salinity water is mixed with the water mass of the
bay.

Differences in species composition in the subgroups of the other major
group (Group A) in the similarity matrix are more difficult to explain than
are those of the inshore waters because we know less of the habits of subti-
dal mollusks than of intertidal forms. PBitiium impendens which is a domi-
nant component of these assemblages is peculiarly associated with the Kona
Coast of Hawaii Island and with the leeward Hawaiian Islands of Midway, Lay-
san, and the 1like. It is found on Kauai, Oahu, Maui, but it forms & domi-
nant component of micromolluscan assemblages only on Hawaii and in the lee-
ward islands. The other dominant species include four ubiquitous subtidal
species found elsewhere in the islands at depths of 10 to 100 m; Cerithidium
perparvulwn, Dlala varia, Vitricithna marmorata, and Parashiela beetoi; and
three species found from the 1nt=rtldal to depths of about 50 m: Leptothyra
rubrieineta, Tricolia variabilis, and R1E£ﬂiﬂﬂ miltogena. The Kiholo off-
shore stations (subgroup A2} are dlstlnEUIEHEﬂ by higher proportions of
Trisolia, Vitrieithna, and Parashiela than occur at Puzkd or 'Anaeho'omalu.
Trisplia feeds and breeds on frondose algae, such as Padina (Wertzberger
1967); Vitricithna and Parashiela appear to be associated with substrates
which have more rubble than coral cover (although no statistically signifi-
cant correlation was found). It is tempting to SUggest that their dominance
at Kiholo is associated with the lesser coral cover characteristics of this
bay than occurs in the others (see Coral Communities). The Puakd inshore
stations (subgroup A2), with their admixture of deep and shallow species are
consonant with the protected calm waters of the bay and the extensive in-

shore coral cover.
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WAINANEALI'I POND

— “WaininEli'i Pond in Kiholo Bay represents a unique shoreline ecosystem

| among the four bays studied, and perhaps in the Hawaiian Islands, and is here
: [ described in detail.

N Wainandli'i Pond (Fig. 29) is an elongate lagoon formed by a cobble-and-
sand bar lying slong the 1859 pdhoehoe lava flow which constitutes the east-
ern boundary of Kiholo Bay. The bar connects with the lava at its seaward
(northern) end, encleosing the head of the pond. At its landward end, the

bar is crossed by two shallow passes which connect the pond with the inner
part of Kiholo Bay.

The pond is roughly 457 ®m (1,500 £t) long by 30 m (100 ft) to 91 m (300
ft) wide, with an area of nearly 2 ha (5 acres). Detailed soundings were
not made, but observations indicate steep sides and a relatively flat bottom
at depth of 3 m (10 ft) to 4 m (12 ft). There is a partial barrier, about
halfway along thc-E;;d, formed Ey_;ksubmarged extension of the lava flﬁwh
The gap between the end of this shoal and the cobble bar is about 3 m deep,
50 that while this feature restricts circulation, it does not form a sill
behind which the deep water might tend to stagnate.

The main (northern) pass has a "channel" about 6 m (20 ft) wide with a
5ill depth of about 1 m (3 ft) at mean low water. The sides of the pass
shoal very gradually, so that the total width varies with the stage of the
tide between approximately 30 m (100 ft) and 61 m (200 ft). The small sec-
ondary pass, in which no measurements were made, has 2 maximum width of about
15 m (50 £t) at high water. :

Freshwater springs enter the pond at several points along the edge of

the lava flow. The most notable spring was observed at the head (northern

end) of the pond. ; i
The measured range of tide in the pond was 0.8 m (2.5 ft) at an extreme
spring-tide maximum. More interestingly, a persistent 10- to 13-cm (4- to _T

s-in.) seiche, with a period of 6 to & min, was observed throughout the study

period. The seiche was virtually undetectable on the open shoreline, but was l
easily visible within the quiet pond, and was strikingly evident in the pass-
es over the bar, where the fairly strong current alternated in direction

every few minutes. The mechanics of this seiche have not been investigated,

b1

Edward . Stroup, David P, Fellows, and E. Alison Kay.
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but the period would suggest a reflection of wave energy between the east and

west sides of Kiholo Bay, that is, greater Kiholo Bay with a breadth of some
2.5 km. Other types of edge-wave effects may also he possible sources of

this oscillation.

Physical Measurements

Observations of temperature, electrical conductivity, and dissolved oxy-
gen concentration were made at stations extending the length of the pond, on
the entrance bar, and just outside the bar, as shown in Figure 30. At each
station within the pond, measurements were made at the surface, 0.6 m (2 £t).
1.5 m (5 ft), and just sbove the bottom (usually about 3 m)}. At the station

on and outside the bar, observations were made only at the surface and bot-
tom.

FIGURE 30. APPROXIMATE LOCATIONS OF KIHOLD BAY

., TRANSECTS OUTSIDE WAINANALI'I POND,
HORTH KOWA

"y
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The stations were occupied near low water (0815 to 0950} on 10 August
1975, and again near low water (0930 to 1030) and near high water (1500 to
1540) on 11 August 1973. Only the data from 11 August are illustrated: there
were no significant differences between the distributions at low water on
this and the previous day.

TEMPERATURE. At low tide (Fig. 31-A) the cold, fresh (see below) out-
flow from the springs extended over the whole surface of the pond. The de-
velopment of stratification was aided by calm or very light winds duriag the
night. The cooling seen in the deeper pond near the bar may be caused by
mizing generated at the bar by the seiche. )

At high tide (Fig. 31-B), and after some hours of a hriﬁk sea breeze
from the WNW, the surface of the pond was 3 to 5°C warmer, with stratifica-
tion very much reduced. The deeper layers have also been warmed by the sun,”
especially toward the inner end of the pond, where seiche-induced mixing would
have least effect. The effect of the freshwater springs can be seen only in
the slight cooling near the surafce at the very head of the pond.

SALINITY. Again, at low tide, the freshwater layer shows up clearly
(Fig.32-A). MNote that this layer mixes away rTapidly as it crosses the bar
into the bay. The station outside the bar show salinity lower than the usual
oceanlic value of near 35% in Hawaiian waters because there are many 5pr1ngs
entering the ocean along this coast.

Salinity in the deeper pond is 28 to 29%, during the low tide period.

At high tide the stratification has nearly vanished, with surface salinities
sharply increased and deep salinities somewhat reduced from the earlier values.
Evidence of saltier water entering over the sill is indicated in Figure 32-B,
since the observation at Station 3 was made during the inflowing phase of the
seiche. During the outflowing phase, the bottom salinity on the bar dropped
sharply.

OX¥TY. The dissolved oxygen concentration (oxyty) distribution {Fig. 33)
shows strong photosynthetic-respirational effects. In the early morning, at
low tide, the deeper pond has depleted oxyty. The stable stratification has
restricted downward mixing from the surface.

At high tide, in the late afternoon, oxyty has increased everywhere in
the deeper pond, and alse increased markedly in the water outside the bar.

At the surface of the inner pond, the oxyty has decreased somewhat from the

morning values, probably by a combination of mixing with deeper water and
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loss to the atmosphere.

Observations on the Biota

General turbidity in the pond, coupled with extensive silt deposits over
most of the substrate surface, permitted only guantitative sampling of the
benthic community. Five cross-sectional transects (Pl to P53, Fig. 34) were
sampled at random to determine the composition of communities associated with
the substrate in the pond. Based on the results obtained from the cross-
sectional pond transects, a longitudinal transect was also established. This
transect ran the length of the pond approximately 1 m below the low tide mark.
Starting approximately 30 m from the pond entrance, samples were taken every
5 m for the first 100 m and thereafter at 10-m intervals. In all, 40 samples
were taken over a distance of 300 m. Depending upon substrate composition,
four double-handfulls of sand or four rocks (20- to 35-cm diameter) were ex-
amined at each sample point and the relative abundance of each organism char-
acteristic of the pond habitat was noted.

Figure 35 illustrates a generalized cross section of the pond as deter-
mined by transects P2 and P5. The cross section is generally representative
of all areas in the pond except: (1) the entrance, which consists of a shal-
low, predeminantly cobble sill; and (2) a restricted beach area close to the
entrance where Zones I and IT consist of coarse angular black sand rather
than cobble.

General substrate conditions and communities characteristic of each
zone are summarized in Table 20. The strong physicochemical gradients re-
ported above appear to have little effect onm the fauna except in the upper-
most 1.5 m where a brackish to freshwater lens operates in conjunction with
tidal flow and strongly selects euryvhaline organisms. Elsewhere, throughout
the pond, community composition appears relatively consistent within a given
substrate despite variations in water quality parameters.

The general, within-substrate faunal consistency noted above was more
critically examined in Zone II by means of the longitudinal transect. Rased

upn a prﬂ‘liMi“ﬂ.TF EM?E}' EI'F ﬂrgal'li.ﬁmﬂ H'i_t_hin this Zone, sach EpﬁCiES erCOuUn-

tered at a given sample point was rated either common or rare ralative to
its general abundance throughout the zome. The results of this survey are
shown in Table 21 by groups of five successive sample points. The relative

local abundance of aach Spéf_iEE is indiﬂﬂtcd a‘nd th& mumber of E-E-Tﬂ]ﬂli.ﬂg PﬂiﬂtS
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on which it occurred is shown for each segment of the transect. Also indi-
cated in Table 21 is the relative abundance of species inhabiting the channel
at the mouth of the pond as determined by transect Pl.

From Table 21 is apparent that the majority of the Zone II cobble com-
munity is distributed throughout the length of the pond wherever suitable
substrate occurs. This generalization does not, however, extend to the pond
entrance where an ecotone community inhabits a substrate and depth commensu-
rate with the cobble areas surveyed in Zone II1. Moreover, within the pond,
at least three species (Burythoe complanata, Isognomon caliicrmicwm, and
Ogtrea sandviecensis) and, possibly, a fourth species (Hippomix sp.) display
longitudinal population gradients indicative of adverse selection in portions
of the habitat. Efforts to determine factors limiting these organisms might

prove them to be of value as indicator organisms.

Micromollusks

Two distinctive assemblages of micromollusks were identified in the
pond, one at the entrance, the other mid-way in the pond itself. In both
assemblages, brackish-water or freshwater-associated mollusks predominate.

At the entrance of the pond, the dominant species are Eatomiella (44.5%) and
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o1
Planazis and Theodoxus (10%) which are associated with brackish water, and
marine-associated cerithids (Bittium parcum, B. zebrum), rissoids (Rissoina

ambigua, K. miltosona), and pyramidellids. On the shoaling sill mid-way
into the pond, THeodoxus and Melania which are associated with fresh water
comprised 27% of the assemblages, and the remaining micromollusks consist

of dead shells of marine species such as rissoids, Trieolia, cerithids, and
the like. An interesting component of the micromolluscan assemblages in

the middle of the pond is the endemic Hawaiian capulid, Capulus triearinatus,
which probably lives on the oyster Ostrea sandvicensis.
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usual catches that crossed the editor's

L3
i i
Kanneth Kam and an Evermann’s nomeid figh,

Here is another interesting pull from the depths of
O'ahw’s waters. This catch was brousht to our
. attention by a call from Kenneth Kam,

Ken brought the fish by the office sa it could be
photographed. Once again we found a fish we had
never seen hefore.

According to Ken, he was fishing in 900 feet of water
when he hooked his mystery catch. As you can see by
the phaoto, the fsh looks very similar fo a mullet.

Ken's fish was later identified as an Evermann's
nomeid fish, or Ariomma evermanni. According to
the book Fishes of Howaii by Spencer Wilkie Tinker,
Evermann’s nomeid fish is an uncommon fish found in
the open sea. Two of its natable characteristics areits
small mouth and its large eyes, Mast fish of this
species measure a foot in length, but some have been
known to reach 24 inches Dhstribution i the
Hawaiian Islands and adjeining regions. The fish was
first identified in 1923,

Here is a fish that is more common, however not
with this particular coloration, Along with the photo,
we received this letter about this unusual cateh:

Hi Chuck! =

I have a rare prize here for wou to set yaur
eyes on, My husband, Clarence Ng, caught this
fish on the Big Istand at Heawsiian Beaches, As
Vou can see, it's o "Bright Yellow Nenue "

say it's rare, so I'd ke to share this

photo with vou and your regdars,

The nenue's weight was 4 ths, and it was
caught on 10b test fine with o 4-Ih fest leader.

Like they say, “Only in Hila!™

Cynthia Ng

Seen only occasionally, the nenue pala {golden
vellow nenue) is actually a color phase of the adult fish
that can grow to a length of 24 inches, Distribution of
the nenue extends from Hawaii southward into
Palynesia and westward from Easter Island across the
entire tropical Pacific and Indian Oceans to the coast
of Africa and the Red Sea,

o

Chuck Johnston and his 200-Ib geg furfle,

Lastly, I'd kke to include one of my unusyal
catches—this huge sea turtle.

I was fishing with the Atlapac Fishing Club during
our annual Narth Shore outing when my rod took a
sudden dip and line started screarning off my reel in
the direction of the outer reef. I put full pressure on
the 40-Ib test line to stop the nitial run,

Hoping for a big ulua, but willing to settle for a
kahala, I tightened the drag to the max, The batthe
lasted for 30 minutes, and [ received lots of cheers and
encouragement from the other club members, I'm
sure | had an initial look of disappointment when this
big bugger surfaced some 200 yards offshore,

This catch had a happier ending for Mr. Turtle than
for Mr. Johnston. Being a protected species, the sea
turtle did not qualify as the winning cateh for the £200
club jackpot. But it did get the embedded hoolk
carefully removed from its flipper and a chance to
rase for photos before it was carried back to the edge
of the reef and returned to freedom.

If someday vou land an unusual catch, don't forget
to take a picture and send it in to HFN. We'd like te
share it with aur readers,

Fishin' Friends,

[ o TN



2777 Eglekaua Avenus
Honolulu, Hawaii 96815
January 10, 1977

Mr, George H, Balazs

Hawall Institute of Marine Biology
P, 0. Box 1346

Kaneohe, Hawali 96744

Dear Mr. Balaze:

I am enclosing a copy of our January newsletter in
which I wrote a synopsis of your lecture glven at
the SWASH Novembsr meeting,

&z Editor of the Marine Aguarium Observer for 1977
this was my first attempt, It's guite a new ex-
perience for me, s0 I hope I got all the facts straipght.

On behalf of the members of SWASH I would like to

thank you for taking the time to speak to our group.

There were m favoreble comments and personally I

found your lecturs interesting, I recall seeing a

film by Cousteau on gea turtle hatehlings elesewhere = =~
(but I don't remember where) and few survived as they

were plcked off by birde in the area,

Mehalo!

Sincerely,

M o
Marion Kim
Editor

sdltwater Aguardium Society
of Hawaii
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Salt Water Aquarium Suciafrg of Hawaii

WAIKIKI AQUARIUM, 2777 KALAKAUA AVENUE, HONOLULU, HAWAILI 96Bl5

The SALT WATER AQUARIUM S0CIETY (S5WASH) is & non-profit organi-
zatlion. The objectives of the Society are 1o promote an interest in
the salt water Si:h hobby, to provide ruch needed encouragement and
education in the art of collecting and keeping selt water fishes, To
work topether apd develop teshnigues of increasing the longevity of
salt water fishes through resenrch, to inmtroduce the hobby to the gon=
eral public, and to provide community service through the application
of the hobby.

l“!h-lnrshlp information and application in center of newsleiier.

SWASH meets the second Wednesday of every month (except December)
at the Waikiki Aquarium {address above), All visitors are welcome.

All peperal eorcespondence and exchanges should be sent to our
Waikiki Aguarium address as given . above,

ﬂnpy for the WARINE AQUARIUM OBSERYER (articles, gquestions, car=
toons, information, etc.) should be sent directly to the Editer teo
avoid delay. (48 should correspondence directed to the Editor.)
AddTemE 2 T

Deadline for shoert ltems or ads 3 weeks before the mext CGeneral
Meeting. Deadline for articles § wesks before next General Meeting.

S
Hember=* personal ade run fres of charpe in the MAG. Call the
Editor directly. R

reial _mivert!alng. Rates: $3.00/ 4 page, $5.00/ % page, $10
per whole page--by thne month. Advertisers who place ads for 11 menths
will receive the next month¥s ad free,

i

. IEPORTANT--PLEASE NOTE THAT ALL COPY SHOULD EE TYPED UP OM OR DE=
SIGNED FOR B4 x 11 PAGES--these are reduced to the final size by the
printear. This ineludes ade, artiecle=s, photos, ete., ete,

T TSNS U e
MOVINGT YOU MUST GIVE US YOUHR MEW ADDRESS AHEAD OF TIE. Em
the Kembership Chalrman or drop us & postcard. HNo notlce--no RAD.
This is ygur responsibility.

Articles in the MARLNE AWUARLUM OSSERVER may be reprinted in
whole or in part {ypless otherwise poted) provided preper credit is
given to the Auther and the Society and one copy 1B sent to the Scciety
and one o to the Author in care of the Soeciety. ({(Lightning may
strike you if you do not adhers to these courteseys!)

Views and opinions expressed in the MARIKE AQUARIUM OESERVEER arae
those of the Author and not necessarily those of the Salt sater Aqua-
rium Society of Hawaii, The Editor is the author of all unsigned
comments. {The Editor is mlsc typist and proof-reader--mistakes are

uet to keep you on your toesl)

SUFFORT OUR ADVERTISERS! Buy from them. Tell them you saw thelr ads
in the MAD, Supporting them means more ads and more §§'s for the club,

———— = =
SUFFORT YOUR CLUE, VOLUNTEER ta '.mrl;. an & prni]act.. EECve on & commits
tea, help collate the WMAQ, write an article. It deeen't hurt a bit.
The club needs everyones support. The club needs you.

T i
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Frevier ...

JANUARY GENERAL MEETING

¥ January 12, 1977 at 7:30 p,m. at the Wadldlkd Aquarium.
;:gafﬁgufﬁ tg:urrgnt af the tullding or on the street.

Vice-president, Steven Leong, will conduct the meeting, preasent-
ing an "Introduction to the éaltiatar Aquarium," Bring a friend
or 1f you know of someone contemplating starting a howe aguarium,
extend an invitation to our Januery meeting, Here 18 an sxcel-
lent opportunity to get firet hand information on the beglinning
of the saltwater hobby and the setting up of tenks from =scratch,
Thera will be a8 guestion-snewer pariod as well,

Letis berin the new year by starting our mestings promptly at
T30 pum,

JANUARY BOARD MEETTNG

£ e Thursday, Jamiary 20, 1977 at F:30 pum,
Ll L st 910 Ahana 5t., Apt. 608, at the
home of SWASH EI:‘I'T_t::-r, Harion Fim,
General memberz invited to attend =
call Merion 1f you plan to attend
[G41=6£275 evendinge),

Street parking only and parldng 1e
sonewhat limited, Park on Eycraft
or Ahang St, Thers is & security
locked elewator =o phone larion from
tha lobby (Humber 41 &n the board)
to enter elevator, Apt. EOR on

the &th floor.

7,

AR E

D

OFEN BDUSE

If you are interezted in holding an "Open House" please contact
one of the officerse and advisze the Zditor so an anmouncement may
be made in the neweletter, Deslgnste the day, tiwe [2=3 hrsz,)
-:Iur‘.i_ng a week night or weekend when rou wish to haye your tenks
viewed and we shall imncluode a map in order thet members may

find thelr way to your place,



Fhe Pocicdent’ uﬁreaaﬂye

Here it i{s another brand new year and we're all
set to make It a bigger and better vear for the Salt
Water Aquarium enthusiasst.

Just & few reminders for old and new SWASH members.
This is your club and anything you may think of te help
make it more successful will not only be sericusly con-
sidered belng integrated inte our programs but will be
sincerely appreciated.

Don't forget that our board meetings are open to
the general membership and everyone is invited to attend.
A lot of new ideas come to light here and I'm certain
your thoughts will be of help.

Bring a friend or aquaintance to our general meet-
ing; they are potential members. Remember, this club is
for more than those with established aquariums; it is
also designed to serve those just starting and last but
far from least those who are just thinking about start-
ing & saltwater aguarium. It is the latter who should
be encouraged and helped most for therein lies the future
of SWASH.

Aloha,
Joe Piekens



Fiom Yowsr Cdelor ...,

As your new editor, I am finding this a new experience,
for I am neither a marine biclogist nor a journalist. What
am I doing here, you ask? You might say I am being a martyr.
It seems a few people had the confidence in me to ask that 1
take on this large order of being editor. My negative answers
went unheeded and when I learned that SWASH minus one editor
would equal no MAD and ultimately no SWASH, I decided to say
yes and go full speed ahead. 5o bear with me for Che coming

YEAE .4

There are a few things I would like you to think about.
NMumber one is: How can we increase our membership, and more
importantly, how to retaln our long-time SWASH members who
geem to be disappearing from the scene. It was noted at our
last Board meeting that we are losing our old members and that
{ncludes our more experienced and more knowledgeable members.
Are they getting tired? What is the reason for their lack of
interest? Perhaps we have nothing to offer them., whatever
the reason, we would like to hear from those long-time members
and find our what it is we are lacking. ASs =ditor I am con
cernied with this sitwvation because 1f my newsletter can do
anything te change this situation I shall earnestly try.

This brings us to number two: What would you like to
see in the newsletter? There have been comments about les-
sening the number of reprints, but where are the original
articles to take their place? Here's where you can help. If
you have undergone some new experience with your tanks or have
gome news to share, let us hear about it. Send us whatever
news or bits of news you can dig up and we shall try to
put these all together send make one column. We used Lo have
a "Problem Cormer" in which member Fred Uggla answered Tthe
questions sent in by our readers. If you have problems
send in your gquestions and if we have enough to work with,
we'll find someone to answer them. If you have artistic
inclinations, do send in your cartoons, plctures or illustra=
tions. In any case, let us hear from you.

This is your publication and it is your responsibility as
well as mine to keep the newsletter alive and Informative. If
you dislike a newsletter full of reprints, send in an original
article for our next igsue. Our treasurer will be only too
happy to send you'a check in the amount of §5.00 for your
coptribution. The success of this newsletter will depend
on your cooperation .. I cannot do it alone.



It i5 gratifyving to see our newer members with $o much
enthusi gem. You will see new faces serving on the Board
and as officers of SWASH for the coming year. If "new blood"
15 what we need to keep our club alive, let's go out and
recrult more new members.

Words of appreciation are in order .. thanks to Karon
Chang, past editor, for her helpful hints in setting up the
newsletter and to Marilyn Green for volunteering once again
to help with the colleting, stamping, stapling and mailing
of the MAD. Also, thanks to my ten-year old son, Bobby Bohan,
for his {llustrations and cartoon in this issus. I'm trying
to make this & sort of famlly project. All in sll, I look
forward to compiling the newsletter and can really appreciate
the efforts put into this work by past editors.

M owal o0 the
Board? Well.. Chanks
for calling but I'm
awfully busy and ... "




Yoves ffﬁhﬂa R o

We have an excellent roster of officers and Board members
for the coming year and T would like to introduce them to you.

First, meet our President for 1977, Joe Pickens. Joe is
well known to most SWASH members, having been a member for
about three years. Last vear, he was a member of the Board.

He maintains one 85 gallon tank and three 20 gallon tanks,
all housing various saltwater fish. If he holds an "open
house" again this year, be sure to see his tanks; you will
enjoy your wisit.

Besides being a retired First Sargeant of the U.5. Army
and presently employed at Postal Instant Press, Joe has many
hidden talents. He may never forgive me for letting out these
secrets he has kept well hidden for so lomg, but I would like
our members to know what s telented officer we have. Joe is
an amateur magiclan and ventriloguist, a.former tatoo artlsts
former commercial art instructor and he drafted cartoons for
& nationally known magazine.

Our Vice-Fresident for the new vear is also well konown
to all of us, Steven Leong. Steve's interests in saltwater
life and the ocean stems back to his childhood but he started
diving seriously from the time he was in Bth grade, when he
collected and traded fish with local pet shops for equipment
and imported fish. In 1963 he brought a pair of spotted car-
dinals and fiji devils from California all the way back to
Hawali and traveled to Tahiti twice to collect tropical fish
in 1973 and 1974. Very enterprising fellow we have!

Steve is presently studying in the field of marine zoology
at the University of Hawaii and is in partnership with Reginald
Matsuura at Kal Systems, setting up and maintaining aquariim
digplays and selling fish and invertebrates.

Among his other talents, he is a part-time artist/sculptor
and you may remember having seen some of his {llustrations in
past lssues of the MAD.

Jim Schlais, our Treasurer, was last year's SWASH Presi-
dant. Do not consider this a demotion.. Jim ies also a member
with many talents but due to the enlargement of his family
{Sandra presented him with a son) and his courses at the
University, his time {8 at a premium. Rather than let Jim



disappear from the scene, we elected him Treasurer to kesp
him close at hand.

The year before last, Jim was our HCDC Rep. and kept us
well informed concerning thelr actiwvities. In addition to his
interest In experimental aquariums and tidepools; and the
breeding of fish, he has contributed articles to the mationally
known Marine Aquarist publication. At the Malacological show
held in October 1975, he won the "Best in the Show" trophy
for his tidepool setup.

Jim is also artistic and has contributed caertoons and
i1llustrations for past lssues of HAD. 1 hope we can count
on him for future issues Coo.

Derothy Powell, & newcomer to EWASH, 15 our new Becord=
ing Secretary and comes Co us with excellent gualifications,
being a secretary in the Mational Weather Service. Having
joined SWASH about a wyear apo, she malntalms two twenty gallom
saltwater tanks and a twenty-nine pallon tank. Her interest
in this hobby resulted from a course she took at the Waikiki
Aquarium and a field trip sponsored by the University of Hawaii.

Amonig our four new Board members, we would like you Eo
meet Tom NHitta, our most enthusiastic member who coordinated
the potluck dinner for our Christmas party held December 12.
Tom pot started in the saltwater hobby when he received a thirty
gallon aquarium as a gift. Right now, it houses two shrimp,
an urchin, two squirrel fish and manini.

Een Chong has had an interest in saltwater fish all his
life. He joined SWASH a wear ago and iz another enthusiastic
member whom we are happy to have on the Board. Through Een,
arrangements were made to hold our poolside Christmas parcy
at his apartment building.

—Rick English, former member of HCDC, started diving with
Tiki Divers and also went diving with friends who were in
the import/export business of tropical fish. Having recently
moved he was compelled to sell his tank and equipmeént bto SWASH
member Odette Winkler who will hawve mo trouble fFilling it with
the ocean at her back door. Rick has beén a member of SWASH
about sewvan months and is eager to start up some new tanks
and help SWASH as a Board member. He is associated with
Franklin Optical Co. making prescriptioned inserts for diving
masks. (SWASH members are imvited to take advantage of a 10%
discount he has to ocffer.)

fur fourth member is Dale Vareo whoe hails Erom the L. A.
areg and began his collecting on the mainland. He used to have



five tanks ranging from a twenty gallon to a hundred gallon.
Dale enjoys diving and plans to begin cellecting fish again.
If you need a diving partner, give him a call.

Jur Membership Chairman, Marilyn Green, has been a SWASH
member of six years and this is her third as membership chair-
man. When MAQ changed over to its present smaller format,
she designed the original cover and also drew ads for MAD.

Yours truly, the Editor for the coming year, has been
i member of SWASH over two years amd became involved in the
saltwater hobby as a result of having two young sons who
like to smorkel, tidepool and fish. They catch the fish and
I am the lucky cne to maintain the tanks. I don't know which
is more difficult; I tried my hand at catching fish and dis-
covered that 1sn't easy &t all.

‘How that you have met our slate of new officers I do
hope we can count on you to give them your full support, and
help make this & successful year.

HAPFY NEW YEAR!

CHRISTHAS PARTY .. 1076

Some twenty=one were in attondance at our Christmas
party on Degemher 12th. Thanke to Ken Chong who reserved
the poolside area on the grounds of his apartment bullding
and to Tom Illtta who coordinated the potluck dinner,

de must have had a hungry crew, for ae Joe Plokens
deacribed 1t, "they ote everything but the dich,"

Iinner was followed by o grab bag exchanme which
brought the ty 6 a cloge with " & Merry Christmas to
All and o Al11 A Good Hight.™
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Sea Furlles .....

s were fortunate to have at cur Hovember general reeting,
Zeorge Balaze of the Hawail Inctitute of Harine Biology. For
those members who missed his lecture and for our mainland and
pyarseas readers, the following is a pyrnopeiz of thisz lecture
on =ea turtles.

Athough our dey to day problens are mors involwed with
the maintenance of aguariume in the hose, let us not disresard
the greater problemz of the =ea which should be as much ocur con=
cern and respongibility as 1t is the marine biologistel.

Harion Eim, Editor

Of the seven species of mea turtles in the morld, three of
them are found in and around Hawaii, Two are native Lo Hawaii:
the Hawk's—bill and Green turtls. The third, called the Leather-
bhack, belonge to the open ocean but wanders ihrﬂushuut Havaddian
waters.

The Leatherback iz the rarest turtle and its nave comes from
ite tough leathery hide, The average laztherback wmeishe fron gix
to eight hundred pounds and is found in the anld ‘maters. near
H@Ia Scotia, but has been known to wander through warmer Southern
TALBIrE.

The leatherback has not been kept in eaptivity successfully
as 1t bangs itself agalnst the sides of the tank, not being used
to 14wir: in confinement,

- antherbos: turtle

lh.ﬁgh-_

Phe Hamk's-bill turtle appears 1n Hawaii in small nunbers
and 15 co-called because of 1ts birdlike beak which 1s hoaked,
much 1i%e that of a havk, The Hawk's-bill is 2 garml v rous
turtls and feeds on marine invertebrates. The carapace of the
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younz Hapk"s=bill 1s covered with hirny plates with a dark
mottling, overlapping toward the back like shingles, a source
of the much-deslred tortoise shell., The shingle plated ehell
dieappears as the Hawk's-bill grows older.

Hamle's=bill turtle

The third species is well known to moet of us, the Green
Sea Turtle and hae been kept at the Waildld Aguarium. Although
it is not on the llet of endangered species as the Hawk's-bill,
it may well be on that list soon., Ite cartilage is proce=eed
to wmake turtle soup, regarded as a delicmey and its hide ubed
to make shoes, purses, etg,

Very extensive remsearch has besn made on the Green turtle
and they have baen found ueatin% in the French Frigate Shoals
and from Kure-Midway southeaet to the Hawsiian chain. The French
Frigate Bhoals ie sixteen miles of shoal orea and greesn turtles
arpear all along the small islands northwest of the Hawaiian
chain. O0f these islands, East Island ie the most used, Approxi-
mately thirteen acres are used by Green turtles and the turtles
ah:iﬂ the island with approximately twelve hondred albatross and
Beale,

The breeding Green sea turtles begin migrating into the
shoale arcund the month of March and copulation continues through
July. During mid-May the females come out of the water, onto
the sand. She scoops out & body pit, digging out an area about
the size of her body and presto! - she has an ege chamber, Using
her hind flippere, she 1z able to dig in 45 winutes to en hour
& large enough place to deposit egpe. Sometimes she will 3hanann
the area and begin digeing again in another area,

The number of eggs way range from 40 to 1LA, averaging
arcund 105 in one c¢luteh., The eggs are round and rubbery,

After the clutch i= laid, her hind flipmers pull the =and
over to gover the egmz and she contimnes to knead the zand over



the erse, During this time, the turtle is imoune to disturbance
grn 1t iz the heot time for burtles to be tagged or marked for
identification.

After coverinz the eggs with sand, the femsle returns io
the water, Too to four daye later, the hatchlinge prepare them=
selven to gome to the surface. with a hundred or =more hatch=—
1ings it becomes a grouy effort for them to come twenty-nine
inches np to the surfase, During the heat of the day the sodl
iz hot and the hatehlinzs remain inactlve. They walt "til Bun-
got, then between 9 p.m. and midnight they become active and
all come up and head for the sea. Their only predator in the
French Frieete Shoale 15 the ghost crab,

Tn the case of the majority of turtles the same female
raturng to the French Frisakte Shoale approximately every four
years and during each negting =enson, the average female oy
have anywhers from one to five clutches of eggs,

Tagsing and identifyine the male Jreen turtle 1s more dif-
fiewlt, The male gan be tasged while bacidng in the sun but
thiE 1=z not recommended zg interference with his sleep ia trau-
ratle to the male.

resn Sea Turtle

(BEditor®ta notey On the followlng pare 1o 8 Sea Turtles Sighting
report, If vhlle fiebing or on one of your diwves you =izht
turtles, fill in the report and send to George Dalaze.

{;J’%} {ﬁ*H;E
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SEA TURTLE SIGHTING REPORT (Please return to: OCeorge H. Balazs;
Institute of Harine Biology:
F. 0. Box 1346; Eamsohe, BI 967&4;
Theervation made bhy: Tel., 247=6631)

Address & Tel. Ho. (optional):

Date: Time: Location (indicave
on chart):
Ohservation made [rob: shore;

__ boat; of while _ skin __ SCUBA diving.
Estimated size (shell length):

Turtle seen on:__ surface; or st dapth of
approx. ___ft. Distinguishing
characteristice (epecies I.D. if known, long

tail, shell color, tags, injuries, etec.):

Other comments:

THANK YOU FOR YOUR COOPERATION

"THE MARKETFLACE"

This eolumn will be mvailable to members (free of
charge) and to non-wembers (at a small fee of §1,00)
who wish to advertlse items for gale or items they
wish to purchase whether i1t be an aguarium, plece of
equipment, fish or even & non-asguarivm item,

Are you moving? Do you heve a non-member friend who
wisghes to purchape a tank or maybe you are searchlng
for a long=desired article? Whatever you wish to

eall, buy or just wlsh to know of its avedilabdlity,
give the editor = call (941-6275- evenings before,

g B.m.) and we zhall write your reguest in thic column,

7.3
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"REFRINT OF THE MONTH"

The following reprint was taken from Reef Reports, Vol 2,
Mo, 5, a publication of the Mobile Marine Aquarists' Soclety.

With the availability of banded coral shrimp in our waters
and tidepools, perhaps you will be fortunate enough to come up
with a palr and the possibility of aspawning theam. If you are
successful, let us hear from vou also.

Below are some of Ceorge Muscat's observations in the
spavning of banded coral shrimp.

SPAWNING
ETERDFUS HISPIDUS

by
George Muscat

Stenopus hispidus, the red-banded coral shrimp, is a very
beautiful snd hardy specimen. Unlike many c¢leaning shrimp, this
spacles is very aggresaive and totally intolerant to smaller
crustacea and invertebrates. My female has killed three arrow
crabs and consumed a living rock. The rock was composed of four
or five tube worms, sewveral small crabs, and some clams. The
female is the more aggresaive of the two, though the male has
been seen yanking the features off my feather duster. However,
when separated, the male is peaceful.

The tank temperature is 75% = 7Y with a salinity of 1.0Z1
and pH of 8.2. The pair should ba fed frozem brine shrimp to
ensure good development of the eggs. At present, the only
external sex characteristic is a heavier lower body in the
female. This [s due to the cavaties in her swimmerettes.

For a period of exactly fourteen days the female will be-
gin producing and ripening eggs in & reglon located directly
behind her head. The eggs are quite visible thru a clear sec-
tion in her shell. The eggs Eirst appear vellow in enlor and
as they mature they change to s limegreenm color. IE 1% in the
last few days of the ripening ovum which stimulates the male.
He becomes quite aggressive and protective towards the female.
He positions himself near her either in a head-to—-tall position
in which he 18 located divectly behind her or a face-to-face

position often embracing. On the fourteenth day the female sheds.



The male at this time uses his claws to ward off any fish or
other organisms which might hurt the femasle. The palr con-
tinually cleans each other, however, in the head-to-tail posi-
tion, the female pets more attention. The color of the female
is now a steel blue with red bands. Within the next six hours
the pair will spawn. Spawning L8 achieved by the female first
moving the eggs from her reproductive organs to her cavatles
located within the swimmerettes. The male then embraces the
female face to face end fertilizes the eggs. Once having
spawned, the female will carry the eggs for exactly fourteen
more days. She is constantly shuffling and rearranging the
eggs by passing water through her swimmerettes to keep the eggs
clean. The male does not leave yet. He gathers food for the
female until her shell has hardened and her natural color of
white and red has returned. In the last five days the develop=
ing eggs go through rapid division and growth. This is noted
by the color changes in the egg. The eggs once lime=-grasn
have now changed to a tan and then a brown color with the de=
veloping young being wisible. On the fourteenth day, the
female takes the eggs a few at a time from her swimmercttes to
her mouth. Here she gently hatches the shrimp and spits them
into the open. The baby red-banded coral shrimp are one half
the size of adult brine shrimp, and white in color. They are
not fully developed but do resemble the body shape of their
parents. They are free swimming at birth and have a yolk sac
which will last for three days. At this time the fry need
marine rotifers because of their minute mouths.

Cme point to note would be the time the palr sheds
male sheds every four weeks while the female very two g
at the end of a cycle. Shedding at this rate enables/)
produce young every two weeks because while she is oA
epgs, she 1s also making them. The reproductive o¥fg
four weeks, beginning with the developing of the Bg;
hatching.



STASH LIBRARY .,

For new members who may not be aware of the few books we have
in our library, let me fill you in.

Contact our Librarian (when we appoint one) or Joe Plekens,
President, who is presently holding on to the books. Make
the srrangements prior to the General Meeting and borrow the
boolk until the next meeting,

If there 1 enough cireiuletion to warrant the purchase of
more books for our library, we chall look into the poesibility
of buylng a book or two esch year and inecrease the numbep of
booke avallable for your reading, If you know of an excellent
book for the library pass on the nane, author and publisher
and we shall look into 1t,

The followlng tooks are for your borrovinec:

1,

G

fa

s

6.

7

8.
D

10,
11.

Exotic Marine Fishes by Dr. Herbert R, Axelrod and Dr,
Cliff Emmens, 1969, Introduetion to setting up a hore
aguardum, follewsd by an alphabetical listing, brief de-
gperiptions and colored photos of vardous fish, 596 pages.

calt=tater lquardiua Fish by Dr, Herbert Axelrod and 'H1liam
Vorderminkler, 1965. Very briefly deseribes how tn set
up your tank, saltwater fich and invertebrates, colored
photos 11lustrate the various species throughout the 348 nEsE.

iiardne Aquardutie, Irinciple and Practice by John M, Bine and
Silliam Kellay: 1974, & 2F ze, amial for the berinning
agquarist on eetting up the tenl, tntroducing fich, and rain-
tenance of the tanlk,

The Narine Primer by Bomer blncel, 1995, Swell handbool
for the beginner, 5tartIn5 a tank, the biological filter,
epeaifie sravity, salinity, I'h ete,

Salt-Hater Flches for the lome Aquarius by Helen Siskatis
1958, 234 pages on setting up the temlk, collacting, fesdi
EElt;Htlr fish, § up r ecting, readlng

Parine Aguerium Eeeping by Stephen Spotte, 1973, Ve
thorough 162 pages on settinz up the tank: the i“].'l_l:.-':r-:‘:Ir
nalntenance of the tank, parasites, dizeases, feedins ote,
Exgellent for the beginning sguariast, F

Ouide to the Jobhn G, Shedd Aguarium by [alter Chute,
1053, Black and white photos, freshwater and ocaltwster fich
221 pages.

The Marine Aguarist Vol. & 'He. 8, 1975, Contains artieles
en eopper, on batfish, on damsel fieh,

Handle with Care by Deane Gonzaler = what 1= involved in
e¢ollecting and shipping snecimeons,

A Salt llarsh Anemone - hy Jahn Lindsay
Build a Simple Decompression Chember by Farvey Fudge
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LOOK ANEAD - THINK EHEIM fo: over sitesn years, Ensim Power

Filters have set the standard for excellence In aguarium filtration. Ehaim
Fower Filters combine all the features of filtration, seralion, and circulation
in & gingle uni,

EHEIM manufactures six differant power filters. Ona of these will meel the liliratian
requirements of almosi any aguarium,

Ehadm Power Filters ulitize circolalion great variedy of Filtering malesials,

Egﬂ;:ﬂg :—:Eizf;t:fﬁ rangng fram 50 lo Eheim Power Fiflers can be concealed

[raim viaw,
Eheim Power Fillers are noiselass and Eheim Power FiHlers navg an @xbensive
dependable. number of accedsory isams which can be used
Eheim Power Fillers ulifize & s=aied fiter bt ettt L Bt bl
canisbear, JE:h-lln Power Filers are an inbegral part o
ordon’s expanding cusbamer services, which
Eheim Fower Fillers can be 5o up with a insiude Ehllpm qu;i.u &mmru. -
| t t i | I i
| & 1 L
\\.ﬁ —
Zal i
The 368 T 368 The 478 4
Pewr Plitar Powes Filler war Fillur E-.;“m.. mﬂllhr ::r'nr“r-u
AU, Tuttneiiel Recnieded fmssisd Jecnesied  Heomseicet
- ¥ ST ST HAEN I i - [
28 gad 50 g1 50 gal TR gl e Austum e

A Typical Ehaim
Power Filler Sal-up

1. Walar & drasm Mirauegh Be suchan
peon ared sirainar

Walar anhars tha s caraler
near the bofiom

A, Walnr passas fraugh e Homam
IBiGs Acraen and = subjecled o
aptimum bitlegical hiesing achen
AnQ {oares machamcal soreoning

Waler passea minough Lnansg
maledials which provide maediam
fing mechamecal acresrsng. and
themical and biclogical filratian

B. ‘Water passes throwgh & fins
mRchanical agreen mas=nal

B. ‘Water m pumped bacik 1o the
Scjuarium

T. Rolurming  waser & Maraughly
gedibsd by the oullot &4 peoa angd
Ihep spray Createe axcallant waler
girgulaten;

GUARANTEE
Balrp BRgW s modic] catima @ e
i B s PN el rielaw daaral ave celect
i ATTRIRRRE dv] maferwin Pezac of
B e L T
i Uneen Sy Rapieaatlalen wang

CORPORATION
Haywaird, CA  B454S
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