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This volume of the proceedings of the Fourth Annual Student
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food from the sea, coastal recreation: marinas and preserves, marine
biology I, marine biology II, and dangers of the
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SEAFLITE: MAVE OF THE PAST
by Margaret J. Loggfns. Sacred Hearts Academy

Seaflite was a fora of narine transportation which operated
in Hawaii for about two years. Mechanical probIees and lack ofpublic response contributed to its failure. ln Iy report, I bringforth saae of the incidents which led to its eventual sale. ThoughSeaflite failed, I still believe that narlne transportation is a
good, possible alternate to other fores of transportation.



ItlTRODlJC TIE'

SeaFlite wss a form of marine transportation wh~ .h operated in Hawaii for

about two years. Mechanical problems and lack of,ublic response cor.tri'mted

to its failure. In nor report, I weal. bring forth saam of the incidents which

led ta its eventua1 saic. I am interested in ~one trareportation as sn alter-

nate ta other forsm of transportation. It is for this reason that I researched

the plight af Se&lite.

~CPM'Inc OP%'.ATIQ'8

Ch June 23, 1975, in an article in the Hcnalulu Advertise spokesman Hill

Henderson said a part th-t works the steering smcbanism broke do a snd na re-

placeamnt was available. The Kanelmneha," which suffered the breakdown, was the

first hydrofoil in ccemercial use in the United States. ~ mare problems were

t> follow this one. Just one ranth later on July 5, 1975 ~ the "Kssmhasmha" was

out of comadssion again. A faulty bearing in the gear box was biased this time.

This w.s the third bra-l:dms sirce operation beg~n on June 15, 1975. At this

tisLs it is already abviaus that satetMng will have to be dane if operations

will continue.

The "Xuhio" becane the next hydrofoil to encounter trouble. Qn tlovember 25,

lgf5, it was reported as having trouble with its diesel electrical generator.

The "Kuhio" was operating at a 4-knot clip with its hull in the water instead

af ~Pe usual 42-knots an the hydrofeLls. The "Kalakaua" was the last of the

hydrafoils to experience mifortune.. It had trouble Mth a bearing th-t affected

water Jet propulsion. The "Kamehameha" again ran into trouble. This time it

wss forced to return to h.-.rbor shortly after departure.



lifter only five ~~ths of operation, Seaylite had encountered snook

trouble to force suspension of services. Psc~ic Sea Transportation, Ltd., which

operated SeaFIite refused to give up snd tried to resolve aU. problems. Xn a

January 8, l976, article in the Honolulu Star-Bulletin, it was stated by P.S.T.L.

Chal gear-box exKfications were being made. Besides this problem, seals, bear-

ings, and corrosicn caused by sa't water were the ma!or causes af the break-

downs. One positive tMng which happened during this ~ was the 7,000 people

~.o !oined the SeaFlite club which offered a 19$ discount from reg Bar fares.

Still, the Xosd of passengers was considerably lear to bring in saach profit.

& July 9, 1976, the modified !etfoils ~re reported as being ba Jr, in ser-

vice and doing wsD. Ha!or changes were made to the gear-box. SeaF1ite officials

were optic,stic during this period that Boeing, the compar~ which smde Seaglite,

could socn sell their product to oth.rs in the ~rid.

But conditions did not improve and on September lb, l977, LTV Corporat,ion,

the big Da..las-based conpposmrate, decided to sell its Seaylite operations in

Kali. Seaplite was continuous2g in the red si.",w its eid-1$Y75 beginn' .g, The

sechanical difficulties prevented SeaFIite from reacing break-men operations.

By becca;Mr 29, lg7, it wm thought that Seaplite would be sold within the

next eenth. Even while negotiaticm. ~re being made for its sale, SeaFlite was

still experiencing trc~. The "Xa3aksua" was undergoing repairs for vamage fraa

an engine room fire. Also, only 270,000 passengers instead of the expected ~50,000
us 3d SeaPLitee



The Eublic Utilities Cormission fFUC! held he~ rfn-s in Janu:rv o." !o78 on

the sale of SeaPU.te. Early in 1978 SeaFlite was final.y sold. Piblic intere:t

was affected by the sale.

Y~y people rode SeaFlite !ust to aqerience it. After that, they wert back

to uslnp air travel. There wem not enough people to uss it on a regular basis

to receive are profit. The mechanical problems were a ma!or cause for its sale.

 XFC UISIGN

X think it is still a possibility for the future. l.any problems h.ve to

be ironed out first; but after this is done, it can becoae a profitable, resource-

ful business and a good a1ternative to air transportation.

BrKZampm

Honolulu Advertiser: June 25, 1975; November.26, l975;
September, 1977; December 29, l977.

Honolulu Advertiser and Star-Bulletin: July 6, 1975.

Honolulu Star-Bulletin: January 8, 1976; July 9, 1976;
December 30, 1977.



OCEAN THERNL ENERGY CONVERSIN
by Janfce Dang, Sacred Hearts Acadenpr

The content of this paper includes what the process of QfEC is, how

Hawaii is involved in this process, its effect on the environaent such as

the fishes and plants in the ocean, and also Hawaii's advantages if a plant
is built in Hawaii.

As the world is looking for alternate resource energies, V%C plants
could be what we want.'



Im RoaVCTION

An a!ternate source of energy is Ocean Thermal Energy Conversion  OTEC!.
This name «as given by the National Science Foundation and the Research Applied
to National ~ebs �8FfRhNH!. In OTRC plants there is a 40o temperature differ-
ence bet, een the «arm surface and cold deep ocean «ster, «hich acts as the fuel
source. The temperature difference causes a rankin cycle to generate electri-

city at a depth of 2000-3000 feet.

In the search Nor an experimental plan>,, Ha«aii seems to have the advantage.

For one thing, Ha«ail is the only geographically isolated area «ith the structures,
features and problems of modern «estern societies avaiIable «ithin the United
States. Also, Ha«ail appears to have the most attractive «ater and climate condi-
tions closest to the shore and a scientific community already involved, A]though
Ma«aii is probably the best place to buiM ~ gant> many problems are being faced.
Another question that needs to be discussed «ould be, how vill Ha«aii be affected7



Ooitn thermal energy is a fora of solar energy in which the fuel source

are ocean gradients used in rankine cyclee to generate elsctrioity. It requires

large quantities of cold waters of 2000 to ~000 feet deep. The end use of the

energy is changed into electric power. Xt couM also be used for marine harvest

or to produce hydrogen gas for ws,ter. The resulting fuel is ~el however,

the efficiency of a system is extreaely lo» due to the small temperature differ-

ence. The capital cost would be 43000 to OOOO/XN.

Ocean thermal energy is nothing more than a fora of a heat @Ncaa' gaits

Basioally, it deals «ith a fluid «hich is called a process fluid. that goes around

Sn a circle It is a fluid «hich can be evapccated< It is done in an evaporator

where a burner produces some form of heat and raises the temperature of this

fluid, causina the fluid. to change to a gas ar te a vapor state.

In Ocean Thermal Energy there are two conceptsr the open cycle concept and

the closed cycle concept.

Xn the open cycle, the wana surface water of the ocean is the heat source

and the coal deep water of the ocean is used f' or heat regectinn. Unl2ke the

closed cycle> the ocean «ater itself is the working «ediua. The «are surfaceI

«ater is pumped into s flasl evsporator which depends on the ~aintenance of a

partial vacuum for efficient operation- The vaporised water drives e, turbine

Thee 1t 4v1ves a generator that produces electric power. After going through

the turbine, the st~ is condensed by the coMer ocean «ateri This «aier, with

the condensed stean> is returned beck to the ov~ ~

Zn the closed cycle, the yrincipal difference is that heat exchanges are an

interral part cf the closed ay«tea. That is, a «ork'~ fluid other than ocean

water is being used and this fluid is constantly being recirculated. The «ara



Schematic Diagram of Cloaed Rankina Cycle for
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surface ~ater enters the plant and is pumped through a heat exchanger evaporator

and expelled to the ocean. The «arking fluid is vaporized within the heat exchanger

&em the heat of the surface water. T'hen it drives a turbine, which 's coupled to

a conventional electric generator. The fluid that has vaporised then enters the

heat exchanger condenser. It is cooled to a liquid state by the deep, cold water.

It returns to the heat exchanger evaporator for recirculation.

The closed cycle has practical efficiencies on the order of N. This is

dismally low «hen compared «ith the 35 to 40 percent practical efficiencies of

conventional steam turbine plants today. There is a great difference in e~ineering2

economics between CTN' plants and the conventional plants. Conventional plants

must optimism capital, operating and fuel costs, whereas OI'RC plants have no

tuel cost and a, practically inexhaustible fuel source Although O?'EC plahhw are

theoretically feasible, OTEC's technical and economicaHy feasibility is still

under questioning. That is, an Vii plant of lcw practical efficiency might be

feasible if its capital and operating cost can be kept lo«enough.

In Hawaii, the University of Ha«aii recently received a grant of 450/0M

from the taLtional Science Foundation for research on the socio-anomic, envtromentsl

and engineering feasibility of a site on the Island of Hawaii at Keyhole Ray, near

~ole Airport, for an ocean thermal energy conversion facility.3

Keble Bay in Hawaii is a fine area ta carry an OTEC facility. As a test

site> it fits the ~uirements. There are deep coM aaters asar land> the tempera-

ture differences with the warm surface water are 40 to 45 F and. Kemhole Bay ie a

strong technological support base.

>Mvaz~ es

The experimental p"ogram in Hawaii, if there is a possibility, would offer

a great chance of success. There are several reasons why>  I! because Ha«aii is



not exposed to hurricanes that would damage the test platform ae-in the Gu&

af Florida' �! Hawaii also has a sufficient ocean water +s=~t'~ d«fence

all year round> therefore making research all year long possiblei �! the temper-

ature difference exist all year round and so power can be soM on an ecanomic

basis to the local utility company~ {4! Hawaii has been «ell researched and

and documented< and �! the water quality in Hawaii is the best available.

Another reason Hawaii would offer great success is that the cast would be

the least in Hawaii. A pro!eat in Hawaii wouM require a shorter cold waterpipe.

Since Hawaii is an island, coMer water can be obtained closer to share that other

sites lacated near a continent. Also> because Hawaii is nat exposed ta hurricanes,

it would be possible to design a simpler test platform for OTEC I. Nat only that>
I

engineering costs in Hawaii are cheaper than the V,S. engin-~ing costs in the

main3and.

If an experimental p1ant is constructured in Hawaii, Hawaii can make uee af

the power generated at an earlier stage in the prcgram development because the

site in Hawai.i is relatively close tc the shore and the economic and engineering

problems in running a cable to share and feeding power into the utili.y grid are

siapler Also the existence of the year round thermal resource will permit the

early uee of power fram OTRC to replace shore based generating capacity in Hawaii.

In Hawaii economic cost of operating an OI'KC plant would be least because. of

its year round water temperature difference. This will also reduce dependency

on foreign oil with constant generating electricity This chance wouM give and

create employment opportunities.

mental Cons id erat ion

There are two accaunts we must take in consideratian with the enviroment

«hen applying the OTRC process. Since KK' «ill involve massive amounts of' water>

two ma Jor concerns are {1! its effect upon the oceanic thermal balance and �! the

large quantities af nutrient rich caol water that are brought 5&v the x~

12



tropical oceans,

In the dec~san "waste water which is rich in p1ant nu.rients must be

disposed of in the best possible way." Requiring skillful engineering and advance
research, four alternatives have been taken into cnnsldexmtionI

1.! The nutrient rich water be returned to the o ean in such a way that
evident biostimulation is avoided,

2.! The nutrient rich water be returned to the acean to produce uncontrolled,
but enviromentally acceptable biost imu1ation,

g'! Controls.ed biological filtration of the deep water nut ients ghab M
prior to discha~e into the acean surface,

4,! Utilize the deep water nutrients for aquaculture, agriculture or other
usm.5

Problems To He Solved

N'ZCis now one of a number of important alternative energy concepts being
developed by the U.S. Department of Energy �6K!, They study the:probIems that
must be solve% before XI'EC can supply part of our energy. An obvious problem is
the corrosion of metal components in salt water. Biofouling of heat axchangers
and other equipment by marine organisms is another problem.

Before constructing an OFZC plant, the construction of huge boilers, pipes
and other parts, as wSIl as their essembly at sea, will require new techniques.
A question beinm. brought up is the stcbility cf giant OFEC plants in heavy seas as
in the feasibility of laying and maintaining lory undersea transmission lines.
Another question concerns the long range effect of recover~ heat from the ocean.
Still other questions are those theat concern the threats on the enviroment such
as ammonia leaking into the sea, causing corroding of metaI parts as well as
danger to marine life.

Although Ol'K scientists generally feel that as heat is withdrawn, the ocean
water vill re%~in additional solar heat tc ~aintain its temnerature~ DOE must

13



be sure them are no &verse effects such as a char~e in ocean temperature m
even harmful local changes.6,

CONCLUSION

The �FN' process ae an alternate energy in Hawaii has been discussed> however,
engineering problems, economic feasibilitiee and enviromental implications makes
building difficult to upkeep after construction as well ah during construction

If an ex~aental plant is built, it would have much success as booming
an energy cecyarter providing a ~ourm~y yeezemund power source+ It wouM

also be a way of gaining energy without pollution to the waters.

One recommendation which hae been brought up hae been the orgy,nisi' of a
small t~ of bminesasen, statesmen, professionals, and academicians as a function
of tt» Hawaii Natural Energy Institute. This team wouM be funded by local contri-
butions and wcuM receive enthusiastic encouragement and support from Hawaii's
senior statesmen and scientific omeittees.
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ACED POMER: OUR NKXT NEM 59JRCE OF ENERGY
by Santiago Angelo and Mark McGough. Honokaa High School

QFglaQUCTION

Alternative reeouxeee for &«aii ie an area which hae 4gam

muoh attention 4uring the pact fe» yeare+ Aa oil ie fast running

out ae the prime eourae of potential energy, aan hae to re1y on

other mmne of tapping the earth'e huge amount af both potential

a84 tlnetio enery %he largeet of the potential enorgie» are of

the eun'ei Yet »e have the oeeane here on earth, «hieh ie the

greateet reeource or. our planet. Here is foun4 a great deal o!

potential energiee, one of «hieh vill be dieeueee4 here. Set the

problem ia to find on ~ «hiah»oul4 cuit Ha~if'a nee4e One

«hioh one 4ay aay ren4er ue oil free to light our homee.

%any probleae»ill be enoountered 1n applying thfe idea. Yet.

%em Jefferece di4 sot quit until he foun4 the right filament for

hie light' bulb even after any tailuree.

Alternate eouroee of energy to eeet our nee4e from the oo

4oee noC seem probable in the imae4iate future, Io«ever. come

reeoureee are»orth inveetigating on a long range baeie ae alternate

meane< One of theee ie the uee of nitric ao18, mter, aced aea

~ter upon»hioh thee paper «ill propoee.

16



NITRIC LCZD/SEL MATSB SKIT' FRObUCTZON

Sot too led ago we caae aoroea an idea «hfch facinated ei
Zt «ae an i4ea with iaagimtion and it alio inclraded eoae faetml
Cata+ It came out not too log~ ago in the Septeabea'. f978, fee@a
of Neohanix Zllsetiwted eaeaiiie. Qae $4' ma one which involved
nitrio aeid{SN03! ~ «aterQ20j> and eea uteri %e problea ~ to
ymMde a eteady coerce of heat which eight have an induetrtal
10ee

Shia ie what the article aaidi

keM teeeI

A ae» «ay to extract energy fraa the oomn hae
been propoeed by engineare at Yohohaaa National Ohiv.
Their method involvee addible nltri«acid to mter,
which raiaee the solution'e teaperatte' ~ .68 degreee F+
The ~t «ovid then be Cram off. The nitria aoM
wotQC be-reconcentrated by war« eea mter and aixed
aeain for yet another heat booet, Repeating the cycle
«o«ld prodvee a eteady flow of low-level heat. Several
aecege in tandea could ada heat wntil 2i2 Cegreee P
«oned. be reached. thereby providiag etma for a turbine.
Now that the idea hae been preeented to yoQy let'e look et the

involviog factore aseoaiated with eheaietry.
@hat ia nitrio aakdt

Nitrio acid le a atro' mineral acM which ia eolorleee in it'e
gee fom. It hae a density of 1 ~ $2 ~ It freeaee at -47 degreee C
and boile at about 63 dagreee C. How it ie mde ie not iaportant
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at this point, but it oan be saM that itis a rery exp' ~ive arter-

ial to use for industrial purposes. Nitric acid also decoepoees in

&ter e

Ho~ about uater and eea uaterT

The factors affecting thereof are rory iaportant. Soiling

points and density for exaaple hare a rery large role in this idea.

'%ter has a freecing po~ut of cero degrees C and boils at f00

degrees C. Xt has a density of 1.

Sea mter is an aqueous solution of salts of constant coapoei-

cion of elements. The basic properties of sea ~ter, smh as

density, specific roluae, coapressiblity, riscoeity, sound velocity,

surface tention. and others depend on teiperature> salinity. and

praise ure.

ilso, the basic properties of pW.e mter are reaarkably changed

by it's salt content. Fae,tore such as the eolligative propertiee

{osaotie pressure, levering of the freecing point, raising of the
boiling point, loeering of vapor pressure! depend only on the nuaber
of aoleculas in the solution.

knd as the ooaposition of salts of sea mter is nearly constant,

the oolligatire properties depend only on the ratio of diseolred

salts to solrent pure mwr! ~

The density of sea uater varies ae to temperature, �'measure

and salinity Sut «e can can Mauve it to be in a range of

i.022 g x 0 1.027. The density that ee vill use as a base is
i,024, ss a round figure.



Qaing the information girenr Ho« to use it to create -.ome sort

of «orhable energy2 For instance to run a generator to oreate

elec tri city.

Fhsen.ially speaking, the folio«ing is «hat «a think can be

done ~

k mixing chamber for both mter and nitric acid is needed Xn

this chamber water would be added and nitric aoid mull be ln!ected.

The inside pressure would hare to be srsater than normal to temp
both water and acid Prom turning into gas. k pressure of

~ Wut 250 pounds per sauare inch would be sufficient. The solution

woold then b0 Iechanically alzed. Thereafter the temperature would

rise about 60 somewhat degrees F. {Qe cannot assume the ful1

teeperature change as fe«systeas are not f00' efficient! The

solution «auld then be pumped into a heat exchanging unit as figure

Thereafter going into a separation- unit «here rara sea mter «ould

be added tc reconcentrate the nitrio acid. Since there is a

difference of density, the nitrio acid being 1.52 ard the water/sea

«ater mixture at i.024 + z ~ i. the nitric aoid «ill readily sir>
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to the bottom of thil chamber.

In this separation ohamber it «auld then be; mt a process of'
draining the nitrio acid out firat and the waterlsea water mixture
out second.

The nitric acid would have to go through a cooling unit f'iret,
becaee of its very lo» bailing point, then it »auld go to a holding
chamber for in!eoting once mare. Thie il shown in figure 2.

SEHLkATlml
Cll4%KO,

The water from the heat exchanger «auld then be pumped inta
another mixing chamber where the process »auld be done again and
again until the minumum $00 4egreee F, needed far industrial use,
wouldbe obtained.

At thil point the «ater from the heat exchanger «auld be
transferred to a boiler feed »ater" by a pump of sufficient
pressure to !leep the pressure in the boiler at a preset pressure.



The boiler «auld provide the steam to run. the turbine to, produce
electricity. The steam «ot'Zd then proceed to a condenser.' «here it
«ouM be condensed to saturation point and therefore used again,
This is shown in figure $.

svmaar

8! provide enough water for the boii.~, it may take several
of these systems. klso the deterioration factor is very high.
Hitric acid «f dissolve almost anything, includ2ng steel and
copper piping. Unless lined «ith glass. gold, or some other aetal
«hioh resists this acid. it «ill not be geaotable to use this
systems Nitric aoM does decompose in water. Ho« the «arm sea
«ater recomposes and reconcentrates the acid, «e could not find
out in tine before the deadline for this paper. Again «e say
it is very expensive no«. Yet this idea may prove to «ork cut
in another «ay in the future some day. Por this reason «e cannot
deca this an idea that is improbable, but one «e aust wait for,

REFZfUSCSS

NcQra«-Hill Book Co. Znc. 1960. Ne6ra«-Hill Encyclopedia
of Science and Technology. vol. 2, 6, it, and f4

%am-Iostrand's Scientific Encyclopedia edited by Douglas N.
Considine. --5th ed.� Ne«York Van Nostrand Rubber
Co. 1976

Bandbook of chemistry and physics< a rmdy-reference book of
chemical and physical data. --51th ed.� The Cheaical
Robber Co,, Cleveland. i 969

Morld Book Encyclopedia. Chicagoa Pield Faterprises Mucatio~l
Corp. 1968 vol. 2, 14, 17, and 22

Rechanix Illus trated September, i 978 issue. Rhergy lfe«s
21





THE MINING OF
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HMGANESE %DULES
by Alice Jean Motooka, Hana High School

INTROQUCTION

For hundreds of years the ocean has been a great resource to our nation,

The ocean has been dissolving minerals fern the solid rocks of the land and

sea floor. Animals and plants have been dying and falling to the bottom of

the sea floor for hundreds of millions of years and have produced deposits of

mineralized sedimnt hundreds of feet thick. These organic remains have

produced sources of natural gas and oi'l.

hll the mineral resources of the world are available somewhere beneath

the ocean floor. 6reat amounts of manganese nodules that are walnut sized

pieces of are are scattered over the ocean floor may someday becose the

world's economic sources of nickel, cobalt and copper.

plloNIIgg pail blok



RESULTS OF RESEARCH

In 1870, a 8rftish oceanographfc vessel, the CHALLKMGER, dredged to the

ocean bottom and discovered lumps of minerals that resembled blackened pota-

toes. Those nodules were later proven to be rich in manganese, copper, cobalt,

nfcke'I and fry.

Recent'ly, durfng the International Geophysical Year, great qvantfties of

nodules were redfscovered on the ocean floor. These nodules grow fn layers

lfke onions and have taken tsfllfons of years to farm. The ma!ority recovered

have ranged fn size from a few fnches in dfaseter to two cubfc feet. However,

ft has been reported to wefgh up to almost a ton. The rate of growth is ap-

proxfmately lorn fn a thousand years. There are so many nodules mltfplyfng

continuously that they cou'ld supply our ma!or needs and growth rate for many

years ~

Approximately 1,000 miles south of Hawaii lies a rfch deposit of nodules.

Severa'l consortfeas of U.S. businesses are dfscussfng the mfnfng af these

nodules fn the near future.

In the processing of mining these little stones the U.S. companies ara

wf'llfng to take on an incredible expense simply because of the rich concen-

tration of precfous aetals they contain. manganese makes up more than a quar-

ter of the nodules, but they are not noraally mined for manganese. Rather.

they are mined for nickel and cobalt, which constitutes on'ly about two per

cent of the nodules.

Hewef f fs the closest location to the rich nodules beds and many have

assed that Hawaff fs the best chofce, at least for prf~ry processing.
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There are a lot of prob'lees to consider: %cher one, the processing re-

qufres huge aaeunts of energy. On the Sfg Island. off shore therial energy

conversion and geothereal energy are being consfdered but at the present tfII.

these are far fry coapletfon. Wthout such new sources of energy, petro!em

would have to provide the needed po«er.

A eejor envfroneental problee fs that 97 per cent of the Nanganese

nodules fs waste product, mining 97 per cent of the aaterfal brought to

Ha«aff would have to be dfsposed Of, eftb.r on land or b, deapfng ft into the

already owrabused ocean cess pool.'  Caf fney-4!

It has been estfaated that nodules srlnfng and processfng aay prod+a

revenues of $V7 arf'f'lfon dollars/year, equal to the present fn~ fraa

Hawaff's sugar industry. However, we aest also consider, will the 1,200 jobs

be available for the people of Hawaff or only the outsiders wfth highly tech-
nical training?

The envfronmental consequences of nodule processfng est be accurately

detained before such aa!or industry will take place fn Hawaf f. It wfll

surely generate vast aiounts of waste products producfng afr and water pol-

lutfon. ONnpfng large anounts of eetals and acids in the ocean waters nay

create turbidity and less light can penetrate, thus fnterferfng with phyto-

plankton life processes.

Uttle knowledge fs available about the inter-relatfonshfps of lffe fn

the deep ocean floor. In addftfon to the possible afr and land pollution,

'.- nodu1es are found at the deep ocean bott'. Just sifnfng say create a preblee,

too. The food chain related to upwellfng say be affected causfng daiage to

the fishery.

After all the work fs done fn Hawaff, Je products «f11 be shipped to

other areas of the country which have a better developed technology. These

eetals are not used fn Hawaiian fndustty.
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COllCLUS IOll

By the compiling of information we aest consider all the factors involved

in the mining and processing of the nodules. The advantages are: acre gobs

will be provided in Hawaii, mre CHOKEY ccming in to our state, more metals for

the U.S. instead of importing it. Me must also consider the disadvantages:

~ ere people to Hawaii due to need for highly trained technical workers,

pollution on land, air and ocean, turbidity on the ocean floor, the possible

environmental impact of deve'loping large energy sources.
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THE SYSTEM? A NEN LOOK ~T MAkGANESE
by Scott D. Snider and Chris Rafae'I, Pahoa High School

So far men have been exploring the possibilities of mining

Nenganese nod iles and to date no one has come up vith a pollution

free method to extract nodulee from the bottom of the ocean. We

have really thought thr~h the problems of mining and ve have

come up Mth new ideas. Isn't preserving the ocean for further

use «hat Narine technology is «ll about7
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IVTRODUCTIOV

For decades men have been trying to harvest nat~a2 resources

from the sea and now it has been found. these nodules consist of

2X nickle, 2.SX copper, .2K cobalt and 35K manganese.

Up until uow not much has been done to mine the vast resources

of nodules ofl the bottom of the ocean I't lies 'there waitfh|; for

someone vith a creative ndnd to find a way to get it off the bot-

tom in th most pollution free manner possible.

There has not been a sysyem yet developed to effectivly mine

the nodules. We have come up with a ship and a idea to get nodulea

off the bottle. These next few pages vill show how we went about

it and what we found out about the md.ning of Wnganese.

~ODS OF RZASEARCR

Since the concept of Manganese nodule mining has nto been

yet fully developed the material availiable to us vae limited .,

ao we had to use the fev books and ohanniets we could find . These

These sources, however, were enough to make this report possible.

This is what we have found.

RESULTS OF RESEARCH

Tha conventional is no't too good because it uses amoR !ieR

ship and a dredger that pollutea the ocean. The conventional

dredger must have a pump strong enough to pick up nodulea, also

sucking up nodules will take up a large deposit of sediments that

are found on the ocean floor. The problem ia that when the nodules

Reach the ship they vill be cast overboard and thus no22uti~~ the
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The first aachine of nur syste~ is ."nile..! t'..e ' ..l,;t;-P~~

for '<stt~ese ."Jodule ~<tter. It t;9.11!utvc the same basic frame as
the conventional dred'» . The nodules vi11 be mided onto n1

corve!er !eIt by meats of a for!. 1i'.c ~rojcctiat t!.at .Il 'u.:z I

atu';m.'.c t'.~ ~ aodulas ani ~u;.t;i c'.ia.-, into a -..tetal box li ft. aLove

t.te oc, n floor. T!ais @ay .:ill t'.t- ~a .-.�..u

l'ting tlte na1ules to t~c sur fsco;~2,1 ttot sac!: t;1a =ei~.i .
Co:.te cean .21er I....~ ~3 talc" n.; t. o cn-..; .

asde o. �rateu steel so .'.a - -c to ta~.c. t* .I .'f t to t',.o octal ' ~x,
'.H>ich uill also be rtac1e of grated steel.

=ro;..w ~ox c!;ey vil1 be su~~ up t';rougi a l~ ' pipe t'.iic'.i

is bi ~or t:.s.i t..s stmcarl 7 ';ipo. allo' s !toro LlolllLLI4 i'd!

benined.

Sea o

he may plants and animal are killed is by the sedirtents being
spread by the currents on tMer ~ay dove from the ship. The sedi-
tttents land on plants stop them from carrying on photoeyn thesis.
They kill animals like coral ] est by blanketing them so thick vit.h
the aeditsenta that they can no longer function. The only may to
stop the destruction is to nct spread the eeditttents.

Ia this pollution of the sea worth the %attganeae? Ve think
not. We have taken this into account when ve tried to design a
pollution free mining device for tttining 1 anganese.



THE SHIP

A chip has not yet been made for the' aole p~mae of harveata

ing the nodal.ea. A couple ehipa however, have done experimental
triae euch ea the DKKPSEA NINER Il and the CLONhk EXPRANIRR. Thia

0
ia ep. 4ae~s .f~~hkp.

OClLAN HZNER I

600 ft. i,ong

Begat 5$ ft.

Powers b,RN MP. deieal engine

@aerage apeed! 16 %meta

In the middle of the ahip there 4 a 75 ft. high,55kt. dia-
mter geodeaic dome that provMa weather protection for a derrick.

The derrick Sa a gMXe~mted der i V th t ia eS ft. high and

can euppart 1.2 mQlion pounda of dredge pipe.! The dredge bead
~X be lomered through the middle of the ship through r. hale

called a moon pool. The nodulea Wll be euc3ced up to the ship by

a hydraulic pup ayetem.
1

The crewe quartcra are located in the froent of the boat

directly under the bridge. It hae the ac~datione for a cree

of 43. The kitchen and the galley are alao located in thea section

of the ahip.

The rear of the chip hold the more important thinga. 'Ihe

+idio ecreena where the progreaa of tbe dredge bead ia alwaya
monitored. Underwater radar and other intent thine are aleo

kept bere. Recreation raoma and batbreaea will be located hera too.



A-Derrick

B-Firat ahute

C-Qri1led coveyer belt

D borage

L Mater lout

Once the nedulee have height up to the ship they go thresh
a aeriaa eC chamele. Since the only «ey te get the ncvhlea up
the eaetioa tubs ie to have the tobe ball of water at all tiara.

Ther east be a coventional ray of getting rid of the «ater. Ken

the acduhee reach the top eC the eeet' tube"A" they are aeat
deem a abate"B"«ith the «ater. Mhen they reach "C" a «ire neahed

conveyer belt aLL the «ater ia drained end fLo«a overboard' via

kbute "I". The nobles are then ca&ad over and 8~+ ceto a
bavfge"D" for tranaport to t4a next etage', proceeeing
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CONC LUS lON

Ihere ia also the possibility oi using the MNM with hinged

sections so it could get more off.'uriderweter sounds. Maybe there

could be a ray to have the MNM pulled by an underwater submersible..
or have ita om engines to propell it Maybe the Ocean Miner I

could be equiped with e~ipment to process the nodulea on board.
'4

The possibilities are endless, but the practical use would ba

a goal in the mining of the nodulea. I hope the system can be put to
uae or an idea with a similar approach so the further pollution of the ocean cs
ooean can be stopped. Would you re~t easy kninring that the. last

frontier on Earth vas bieng destroyed2 We dont think ve could.
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MANGANESE NODULES IN HAWAII
by Lksa M. McPherson, Pahoa Hfgh School

~!~TH CT

io Hawaii 'a yopalation growa

larger every4ag, the inoreaaimg

deIaand for aore ]oba intenai~a,

h'at there are guet not enough

!oba to go around. k maganaae

nodule yeooeaaiag plant eoaLd

partly aolve one of Hawaii'a

biggeat problem, but wilL Xt oanoe

otheraf Ihat wiLL happen to our

the eolian floor, marine L 1 f e,

and our way of Lifet



1 Pl'302! K TION

Just below the state of Hawaii lies the richest maganese
nodule deposit kno»n to man. These nodules contain many different
types of mi.eralS.. The minerals that have the most significant
commercial value are! nic]ce1, copper, cobalt, and msgansse.
Bver since this discovery there has been much research ranging
from developing a device to gather the nod~les off the bottom
to seperating and processing the minerals.

Right now plans are being made to develop a maJor maganese
nodule processing plant in the Puma district on the island of
Hawaii ~ Such a plant could cause economical, environmental,
and social impacts When such a plant is put together all of
these impacts have to be taken into account to determine if
th5.s ne» industry is suited for Hawaii and its people. At Campbell
industrial park on the island of Oahu a pilot maganese nodule
processing plant is being developed to determine the economic
feasibility of a large scale industry.

As you all kno» there has been much controversy concerning
maganeee nodule mining in Hawaii. I am interested in this topic
and have often wondered ho» it «ould help Hawaii. Therefore,
the purpose of this report is to present to you some of the
facts of this new industry.

RESULTS GP BZSZ~E

The first th'ng that comes into most people's minds «hen
they hear about maganese nodules is "What is it and»hy is it so
important'. Basically a nodule is composed of maganese and
iron, with miler amounts of copper, nickel, and cobalt.



They are usually potato shaped aad range in size from lees than
aa inch to nearly a foot ia diaakter. Nodules are forILed by
deposits attsshing thelselves around smh ob!sots as bits of

bone, sharks teeth, and volcanio glass. Zt takes many years for
these nodules to fora. For a one inch .mdule it takeo

approxheately 25,000 years to derelopf for the larger f CLllions ~

Kae reasoa why these nodules are so important is because

of the metals they contain. The United States is slowest ooapletely

dependent upon other countries to supply nickel, cobalt, maganeee,

~ aiL a salsller but siglifieant amount of copper ~ Nickel ranges

ia use froa the maaufaoture of stainless steal to esrmc1ca.

OebaLt is used ia high strength steel alloys, telephones, etc.

copy«t' is used M electrical eqvd.paont, store, plu bing aupplies,

and certain automobile parts. Xaganese is used in iron and

~ teel to prevent brittleness sn4 steol canaot be made «1th out

it A nodule usually contains 25$ aaganese by eeight and their

content is apyroMmateJ.y . nickel, copperq and cobalt» It has

also been discovered that the grades of metals cLaed boa the

sea are greater thea those aLned oa land.

The first step in the production of aagaaese nodules is

aha thea.;So far there is ao set method thai erill be used,

but there are several ideas ~ The technology for a device to

lift nodules off the bottom is a4vsnoed but is still in the

experimental stages, Thus far, nodules have been CLued only for

teeU~,' not for co~~ial usa. One method used is a vacuum

eleaaer-l&e device that sucks the nodulee up off the bottom
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using a !ointed steel pj,pe lG" to 20" in diameter and. most of

the time mQ.es long, since nodu'es are some times found as deep

as 18,000 feat. Some other methods used is a hydx'aulio lifting

device, continuous line buckets for x'ough texrain, and a dredging

system fully equipped with T.V. cameras ~

%hen mining maganase nodules thaxe is surely to be some

disturbing of @benthonic sediments, therefore causing ite

redistribution, this cannot be avoided. During dredging

operations sediments «ould be raised into the «atar column «ith

~ ach dredge. Because of this a blanket of sediment could. cover

umIMed areas, benthonic organisms, «nd make it difficult or

any visually guided dredge head, Opponents of this industry

say that ocean mining would destroy the ocean floor. It has

also been said that when sediments are discharged back into

the ocean, it would create a cloud of murky «ater taking

decades to reach the bottom again. All of this is speculation,

therefore none of it has ever been proven. Since this is one

of the ma!or problems as far as mi~ing is concerned, a mining

system that would avoid bringing gp sediments «ould probably

prove to be the most economical and beneficial to the environment.

3ack in 1970, a mining test was conducted by Deepsaa

Ventures to determine the potential affects of discharged water.

When nodules are hoisted to the surface, bottom waters, sediments,

small nodule fragments, and macerated benthonic organisms are

brought up also. ill of these are separated from the nodules

then discharged back into the «atar column. During these taste,

it mas discovered that this mixture, not including large





used are! high temperature sulfurio aoid leach, reduction/amaenia

leach~ and ouprionfammonia leach. Por reoovering four metals

 nickel, copper, cobalt, and maganese! tha possibilities are!

smelting, and reductionhydroohlorio acid leach. In Hawaii the

use of geothermal energy for a maganese nodule processing plant

is seriously being considered.

Por this report I' ve used the reduction/aannia leach

process as an example in all of the following information

regarding environmental and econoad.cal impacts. ke you have

already read, this method is used to recover only nickel, copper,

and cobalt. The procedures of this process are as follows:

Step lt In this step the noaules are ground and dryed.

The ground nodules are heated in the presence of

producer gas to the temperature of 1,157 P. This

step ia called. reduction, it consist of breaking

down the metal oxides in the nodulee in order to

free the metals.

Step 2t This step ie called the leaching process. It

takes the reduced nodules and dissolves them in

water containing 1+ ammonia and Q carbon dioxide

at a slightly elevated temperature of 104 P. In

this step approximately 9% of the metals are removed.

Step '3: The metal-bearing solution is then poured gently to

allow the sediment to separate from the liquid.

The sediment is then placed in an organic liquid ion

exchange reagent. In this phase copper and nickel

is selectively and syparately removed.
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Step 4s These met,als are then removed again and placed

in acid aqueous solutions, where the metal products

cathode nickel and copper, are produced by electra

depasitian.

'Step 5c Mo» that the nickel and copper has been removed. the

next step is to remove the cobalt. This is a

mnoh more complioated operation. In this process

cobalt and a small quantity of nickel are removed

in po»dered form by precipitatian using hydrogen

sulfide. The precipitated solids are then dissolved

»ith sulfuric acid at the high temperature of 212 P.

Prom this acid salutiar the metals are removed by

selective reduction by using hydrogen at a pressure

af $4 atmospheres and a temperature of +5 y'.

Step 6c The nodule residue is then steamed, removing the

ammonia and carbon dioxide. The ammonia and

carbon dioxide are then !oined together with the

aqueous ammonia/carbon dioxide blend, where cobalt

»as removed. This mixture will be recycled and

used to remove metals fram reduced nodules. Maw

that the nadu1e residue has been steamed and

stripped, they are placed with smaller quantities

of 7.ibid waste and process solids. This mixture

is called tailings.

How that you know more or less how one method of processing

maganese nodules functions, you can begin ta understand and

realise the potential impaats. The first type we wi11 review,
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ia the environmental impact. The folio«ing information ie based
on the probability of this processing plant being constructed
aear Keaau in the Puma dietrict.

The land to be need is estimated to be approximately
KO acres, «1th an additional 50 feet for planting pipeline from
port-to-plant ~ Sinoe Pena h4Ls a lot of undeveloped land, a
~~ace nodule processing plant's interference «1th other Rand
naca is not anticipated. lichen vie«ing the outer features of
this plant, it looks very much like a modern oil refinery. Ne
plant itself «ill ino!ude several btildings, tanks and pipes
fax' holding and transporting chemicals, ponds consisting of
M ings j and etockpilee storing materials like limestone The
estimated height of the plant is about 3 to 4 etoriee. The
~ pproCLmate teise level generated, on the site, is at about the
same level as automobile traffic on a free«ay. kacther thing
to consider is ho«rill a maganese nodules processing plant
look like compared to the natural envtronment of Puma. Since this
area has a large amount of open space, this plant could he
constructed not to interfere «1th neighborhoods, tourist attractions,
and recreational facilities. Xn addition the overall design of
this industry «ill make it possible for land scap5.ng, therefore
improving the general appeaz'ence.

ka important concern often hronght up, «hen ever an industry
such as this is developed, ia the potential air poDution, We
causes of pollution could result from emissions Mom the
prooesiing plant, from pc«er pt'oducing techniques such as
fossi~=fuels, or geothermal power production, and pollutioa cansed



by vehicles used, tending to be greater during the construction

pbase. The air in the Puma district is low in pollution. gag. ~

is because of the dominant trade rinds coming from the northeast.

These win4s could blow away most particles and chemical contaminants.

The ma!or eavtronmental problem concerning a maganese nodule

industry, is the disposal of process wastes, called tailings.

process such as reductio,on/ammonia leach, which -ecovers only

three types of metals, will produce ever two mill5.on tons of waste

a year ~ Such a considerable amount of tailings could contain

large quantities of toxic metals. 3ut if these toxic metal elements

where chemically bound in such a manner making it impossible to

release anything into the environment, then there roa7 N no

threat.

There are two proposed ways of disposing of no4ule taLlings.

One method «ould dispose of them on land for agricultural use. In

the other method they would be dumped. into the ocean. The potential

impacts of these methods are not get complete1y known. Xuch more

tests have to be done before a suitable method can be chosen.

In ocean dumping clouds of suspended tailings will occur.

is not known how fast or how slow they «ill take to settle. In

the upper layers of the ocean lives the ma]ority of our marine life.

Thus far, iv has been prpposed that a pipe, several hundred feet

long, be used to dump the tailings at a deeper level~ avoiding
these animals. Since ocean dumping remains to be an unknown subject,
all of this is uncertain

it present re do not kno» for certain how the problems caused

by maganese nodule mining, processing, and dumping would affect
Hawse., but through Nodern technology many of these problems could



be resolved

A magamese nodule processing plart in Hawaii wQ1 also have
strong social and economical impacts. in industry as large as
this «ill have an annual tota1 gross product of 43LL ~ 5 million im
Hawaii county alone, aud a state wMe product of 4335.9 million.
Since Hawaii has an unemploymemt problem this industry wilL
help greatly by providing many needed jobe ~

For thf,e report I' ve deoided to only discuss the yrotential
jobs,amd the many changes that «ill occur im the Puma district,
for these are my major concerns Xn this area

Xtux".hg the construction phase about 5,029 mew jobs will
become available in Haiti county, and about 1,051 mer jobs w11L
be created elsewhere im.the state. The majority of these Jcba
wiLL occur in the construction industry, reatchimg am estimated
total of 2,990. Xm retail trade, about 629 new workers will
be hired, an4 approximately 504 im wholesale trade ~ There «auld
be many mew jobe im Rea3cing amd f1xuimce, education, amd restaurants.
Im addition jobs will be avaiLable in other parte of the state
beaides Hamali county, each as retail trade, education, health
services~.real estate, etc ~ This phase, as estimated, would last
three years

After the construction phase is oompleted, the next step
would be the operation phase, In this step the employment
compared to the construction phase will decrease. Xlurimg processing
operations, there rould be about 1,707 jobs im Hawaii county,
and 708 jobs elsewhere in the state. Many industries wiLL acquire
mach business from a maganese module processing plant. Such



industries would include i elect rici<'y ~ gas ~ and sanitation
utilities g Quax'ries, and the chemical industry. In other sectors
of ihe economy other than the State and C ounty Oovernmen+c, the
production phase could cause only a slight increase or a decrease
in !obe. The construction indus~ will loae about 3,000 gabe.
This wau14 be a sharp decrease, unless a cax'efully planned decline
ie deeigned ~ Retail tra4e will loee approximately 400 gobe, and
other industries wi11 suffer gimular Job loses.

The town of Keaau ie eaall and rural in character, consisting
of a few retail stores, an elementary afd intermediate school,
a few gas etatians, and a police and fire departaent,
aaganera nodule prccessing plant cen3.4 completely change Keaau town.
The saall town 1ife style «auld be gone for good, being replaced
«ith amor eupaL~rkete, rests~ante, and gas stations. Iany of the
residents now livtng X~ Keaau and other parts of %ma stay because
of Me" g&4t ~ country atiae'ghee.

Le industry such aa this would cause aore hosea to be build
towards the south, where the subdivisions remain very empty. Such
an increase in hew hoies could prompt the extension of water sezvices
and sewage treatment plants. Right now water tanks and ceeepcols
are used. The new popu1ation of hoaee oould start looking towards
Pahoc town for their basic retail needs.

These potential eocia1 and eoonoaical iapaote are an example
of what cauld possibly happen if one aaganeee nodu1e processing
plant ie built in Hawaii ~ They would be eztremely different if sore
than one plant ie built.



Before starting this report, my kno«ledge of maganese nodules
«as very limited, but 1 nor have a clearer and better understand-
ing of it.

My research shoved a maganese nodule industry in Ha«aii to
be a promising solution to part of our unemployment problem.

The aspect of this paper that mainly concerns ms is the
potential sooial effeots, kt present the f.eland of Ba«aii has a
great deal of uncluttered open space. Many of the residents
in the Ptma distriot have moved there for this reason, Le a
resident of Pahoa, I «ould not «ant to see suoh drastic Changes
ooeux' ~

The possiQe affect it «111 have on our environment as yet
is not too certain, but I am Confident that solutions and
alternatives srLll be found to the problems. Ha«aii could greatly
use the ne«!obs that «ould develop, therefore helping cur
~ conomy s
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POSSIBLE ENVIRONMENTAL EFFECTS Of
MANGANESE NODULE MINING AND MASTE DISPOSAL

by Hoses H. Adams end Randall R. Molt, Kamehameha Schools

ABSTRACT

pteeIIing page btanlt 53

For millions of years, manganese nodules have been forming on the ocean flaar. Not

until recently has speculation been made towards the development of this natural resource.

Recent developments in technology have made it possible for the manganese nodules to be

mined in an ecanomically feasible way. Although we have the technology to develop this

resource eccnemically, there are many passible environmental drawbacks. in the mining

phase, the major problem is the sedimentary clouds produced during the dredging and

vacuuming. For the disposal of processed waste, there are two major options, ocean

dumping and land disposal. The major environmental hazard arising from ocean dumping

would be the effects of precipitating sediment clouds on the photic <x1d benthos regions.

For land dtsposal the major environmental hazord would be the possible leaching of toxic

materials, affecting local water supply.



1NTRODUC TlON

Manganese nodules are one of the most common mineral deposits on the deep aced

floor. They were first discovered in I873 when the HMS Chalfanger expedition dredged

nodules near the Canary Islands in the North Atlantic. The geologic setting and degree of

nodule cover which exists on the sea floor between Hawaii and North America are shown in

Figures l and 2. The outlined section is the area being considered for development of

nodule mining, due to its high degree of nodule deposits.

Mangonese nodules are dark, peo to potato sized cancretions, which are composed

mainly of metal axides. These oxides hove accumulated over iong periods of time farming

a crust around a nucleating object such as sand grains or shark's teeth. The average

chemical composition of are-grade nodules is shown in Table I.

The primary useful metals in the nodules are nickel, copper, cobalt, and manganese.

Qn land, these metals are either very rare or they come in such a low grade that mining

them for a profit is not economical. Mining the nodules from the ocean fiaar covid mean

that the United Stotes would not have to import as rnvch of these metals, and eventually

become self-svfficient in terms af these metals. Table 2 will shaw projected U.S. min ral

self-sufficiency in terms of deep sea mining af manganese nodvles.

For a number of years, mining campanies have speculated as ta the possibility of

mining manganese nodules. Only in the past three or four years has any research been done

on this. At this time practical research is being conducted on the mining and processing of

~~ese nodules. However, at this time very little research has been done on the

dispel of the manganese waste products.

Statement of the Problem

This paper will cite some possible environmental hazards dve to mining and waste

disposal methods. The authors will recommend the methods of mining and waste dispasaf

based on available data which shovld have the least undesirable effects.
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Table 2

, Pro/ected U.S. Nfnera1 Sei4'-Sufffcfency fifth Deep Sea Nfning

Estimated Est fma ted
Sel f-Sufficiency Sel f-Sufficiency1976 eftf3 Ocean Ninfng vfth Ocean Nfnfng

le@orts Year 1990 Year 2000
Cobal t Self-sufficient Surplus98i

15%Coppel

Hanganes e

Primary Nfckel

Sel f-suf f ice ent

98" Self-suff$c$ent Surp1us

Surplus

From OPED Report

Table 3

Estimated guantf ties of Toxic Elements fn
Tro Nfllfon Tons of Pacific Ocean Nanganese Nodules

Est ima ted
Juan!i ty

in 2x10 tons
of %xlules

 lbs!

Estimated
Juan/,f ty

in 2x10 tons
af,"iodules

 kg!

Concentratf on
fn Rodu1es

 ppm!
Number

of AnalysesE7eaent

200-3600

65-200

< 1-180

123Lead

18

3-21

2-5

0.4-0.8

< 0.1-0.8

10 2,640

l,i00

From DPEO Report
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Arsenic

Thai 1 f Na

Cade! um

6a! 1 fm

Beryl 1 f vm

Se1enf Ne

Mercury

4.0 x 10 6

2 ~ 6 x 10

1.4 x .0

2.4 x 10

2.0 x 10

6.0 x 10

1.2 x 'IO

6.l x 102

8,800,000

572,000

308.NG

52,800

44,000

13,200



METHODS OF MININC

There are two ways In which the nodules are mined, the first is scoop dredging, and
the second is vacuum dredging. Scoap dredging consists of a large scoop or bucket that3

scoops up the nodules fram the aced floor and brings them to the surface. When mining is
dane In this manner, great plumes af sediment are stirred up burying saa anemones, clams,
and other benthic forms on the aced floor.

7he vacuum mining operation cansists of a visually guided dredge head that is drawn
along the acean flex. A hase from the dredge head is attached to the mining ship md the
nodvfes are sucked up to the ship. This method is more efficient tt cm the scoop dredging
method because more nodules can be mined with less sediment being produced. During this
mining method, sediment is also stirred up which covld bury benthic life buf nat as much
geckment is prodvced as in scoop dredging. This plurne of sediment couId also couse
c6fficulties for the visually guided dredge heads. When the nodules are brought ta theI

surface, they are accompanied by bottom wrter  rich in nvtrients!, sediments, tiny nodule
fragments, and macerated benthic organisms- These things are separated fram the nodules
and dumped back into the water.

According to Bill Reich of fhe Hawaii C~ty Energy Advisory Committee,
She nvtrient rich water introduced ta the surface could cause a 'red tide',
known for destroying all fish and other life farms in its way."�I

The 'red tide' is a red colored toxic substance secreted into the water by a certain
protozoa when it is agitated. Mr. Reich also states that.

"dumping the wastes  segments! covld create a clovd that wauld f Iaaf aver all

the oc~ blocking sunlight from the water."�I

If this sedimentary cloud does block out the amtlght, this could mean that there wovld be
less photasynt~is taking place within the phytaplankfan thus af fecting the food chain. If

less photosynthesis is taking place, the amount of phytoplankfan wovld drop considerably.
This In turn wou!d result in less food far the whales and other fish. Consequently their
nvrrhers wovfd drop
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Another effect of the dredging is that ail but the most mobile swimming fish will be
engulfed by the dredge and killed. A mined site will probably not be @~~fated
completely but it is nat known how long it would take to repopulate a mined site. Constant
dredging of the ocean ffaor could destroy massive amounts of deep sea life <md create
gigantic sedimentary clouds. It is not known exactly what the rem. fts of this might be.

The nodules would be mined at depths of f5,000 - f1,000 feet. At this depth, the fife
forms consist mostly of sea anenarnes, sea worms and cucumbers, crabs, cr cf deep sea fish
like rat tolls.

Reccxnmendat fans

hr4ning the manganese nodufes from the ac~ floor ere provide jobs and irnportcmt
metals for Hawafi end the United States, but it could possibly destroy the deep sea
envfrmment. The author feels that until technology comes up with a method to mine the
nodufes without disturbing the marine envirmvnent, the mining should be pasponecL

hhETHODS OF WASTE DISPOSAL

The disposal of process waste is undoubtedly the major enviranmental problem arising
fram a nodule operation. A processing operati~ involving anfy the extraction of nickef,
capper, and cobalt, must be ab!e to cope with millions of tons of residue. Only 2 to 3% of
the nodules by weight are recoverable in this three metal process, the remaining 97%
contains manganese and other toxic metals in oxide form. 5ee Tabfe 3!.3

Disposal of the process waste must be done in o manner that would feast affect the
environment. At this time there me two major options available, aced dumping ~d land
disposaf.

Ocr' dumping is the most feasible for severaf reasons. First, the barges need to
make rcxmd trips, After unloading their nodules at the terminal, it would be econcxnicaf to
food them with tailings to be disposed of on their way bock to the mining site. Second, the
dumping would take place an the hfgh seas beyond national jurisdiction, ond this would

59



simplify legal matters. Third, nodules are composed of elements which are already present

in the oceon, and therefore their re-deposition should covse minimal environmental harm.3

Land disposol is otso an alternative. First, sealed slurry ponds could be used, provided

techniques avthorized by Federal and State environmental fows are followed. Second,

process waste could be disposed of for commercial vse svch as agricultural land fill or for

the extraction of manganese left in the tailings.

In either method of disposal, there may be environmental drawbacks. The chemical

state in which the toxic elixnents exist in the tailings must be considered. Sut in acacia

dumping, the environmental impact would be far more complex than the question of

taxicity. Process waste wovld be discharged at the ocean surface by barges on their return

trip to the mining site. These discharges form plumes of suspended material for a year

throughcwt the water column. The potential problems include local disruption of the seo4

floar ecosystems. Also, sediment might al ter chemical balances both in the mone

populated surface waters os well as the surface. In addition, discharged process waste

moterial at or near the surface wovld have an impact dn the photic region which is

penetrated by svnlight. This is where most of the oceanic life processes occur. However,6

very little is known about the effects of dumping process waste, so the subject of

environmental hazards remoins speculative.

In land disposal, options depend on the qvestion of the toxicity of elements within the

process waste. If the tailings are determined to be hazardous, slvrry ponds would be th»

only type of land disposal allowecL 8vt Improper storage could result in leaching which

wovld affect the local water supply. If the tailings are determined to be non-hazardous,

they covld be vsed for agricultural land fill. In which case the tailing must be thoroughly

tested and evoluated to determine if rainfall or other notvral phenvmeno could cause

leaching that might possibly affect the local water supply.

R ecommen do t i ons

Qcean dumping of process wast> may have on impact upon the morine environment,



Whether it would be hazardous or not and to what extent is unknown to researchers at this

time. Bvt whatever the effect, oniy a relatively small are wf 9!d b affected. On the

whole, the total effects of the aced dumping of process waste would be insignificant.

Land disposal of process waar ~id ho.e to be carefvlly regulated by Federal and

State agencies. Miscalculations or ~cidents could have disastrous effects upon ovr

envir aren't.

Therefore acerb dumping seems to be the most ecf~xnical and environmentally

feasible process and the only alternative that would not be directly hazardous to humans.

Although long term effects have not been researched, acetic dvmping would appear to be

the best alternative at this time.
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EFFECTS OF NTER POLLUTION ON THE ENYIRONPENT AND SEA LIFE
by Sandra L.O. Pulcare, Hilo High School

Oceans become polluted by rivers going into the =e~,
these rivers carry se«age, fex'tilizers, pestfcides, mill
«astes, detergents, x'adioactive wastes and many other pollu.�
tant". boost of the pollution of the oceans takes ~ l ce at the
aaX'gins, where man's activities take place .

There are six kinds of pollution: l. se«age and related
organic substances from agricultural, industrial and domestic
sources, «hich remove oxygen from the water. 2. synthetic
cheif.cals, both organic and inorganic, found in pesticides,
detergents, mine runoff, such as cids and minerals and radio-
activity fr.>m fallout, nuclea" fuel, etc. These ;ollutents
may be toxic to all forms of aniieJ. life, including mm.
3. disease carrying infectious agents from domestic, agri-
cultural and industrial sources. 4. heat, tern;erature in-
creases from cooling «ster used in power plants and indus-
trial operations. Thermal pollution can inJure plants and
fish directly and also reduces the oxygen content of the
eater. 5. sediments 6. chemical plant nutrients such as
phosyha+es in detergents axLd human excreta, which accelerate
the gro«th of a«~tie plant live, thus increasing the oxygen

-demaa4 in rater.



Se»age and Solid 'laste

Sewage is the liquid wastes fromm homes, schools, com-
mercial buildings, hotels, hospitals and industrial plants.
Se»age contains parers, or ~ic m~terial from feces and urine,
soaps and sometimes dead animals, fruit skins, ola hoes,
collar buttons or anything else that fir ds its «ay to se«ers.
The greatest harm produced by sewage is the reduction of o;.y-
gen in the water. The oxygen is used up by b, cteri= .s they
destroy oretc «ster. Overfertilization or eutrophication
is another result of sewage. Excess of nitro:en, carbon and
phosphorous three chief nutrients in «ater!causes the growth
of algae to grow faster, thus increasin~ the ocy~en de-,and.
Se»age pollution kills kelp but .ea urchins feed on sewage.
Ão» there is an overabundance of sea urchins and not enc'~h
kelp. Se«age also makes fish unfit to eat ~ Oysters ~U cl;.'.s
being exposed to se»age were found to have hepatitis,  a
hiatal liver desease!. Sewa e also causes plagues and cho3.ere.
Viany clams and oysters being contaminated also contri~ute to
getting typhoid. Thousands of' acres of oyster ano cl~ 'eda
in the U.S. have been clo=ed down due to the sewa..-e . The
water os so collated in ;ost of the nation's estuarie~ .h.-~t
people cannot go swimming for fear of de ease, and the Tos-
sibility oi eyiueiiic. %any sea birus, ie.  herons, egrets,
sandpipers and loons! are dyinn from a mysterious de=-ease
which inflames the intestines and gives the birds bleeding
ulcers. Scientists say causes may be f.om toxic a .ents or
bacteria and, viruses from se»age. Solid wastes is another
form of ,e~.eye ~o3.lution «hich co .ses t? e death of -,1; n<ton
and lower forms of fish "nd i-ed ce= oxygen. Se" age ~ indus-
trial wastes me the main causes of water nollution.
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Chemicals

Chemical pollution incluue both inorganic and organic
compounds, suoh as dairy, textile cannery, brewery, end
paper mill wastes, ensilage, detergent wastes, manure, wood
fibers, pesticides, aoidmine drainage, and slaughterhouse
wastes. These contain prote'ns, carbohydrates, fata, oils,
resins, tars and soaps. If these pollutants are not exce.reive,
they will be stabiHaed by the self-purification process.
If they are excessive, death of fish and offensive odors can
result. Also oxygen will be depleted by the growth of weeds
and a3.me, caused by plant nutrients as phosphates, nitrates
and potassium. Toxic chemicals reach the ees and oceans ar.-

mmlly by way of rivers entering the sea and fallout from
the winds.

@ines are ma]or polluters of streams and rivers through
acid drainage. lieth active and abandoned mines oour aut large
amounts of water which has mixed with sulfur bearing minerals
within the aine to farm sulfuric ac'd. This acid destroys all
kinds of life in streams . The sulfides, sulfites, ferrous
salts from mines and industrial plants also de@lets the

oxygen in water.

Each year the rains and rivers "rinse" about 5,000 tons
of mercury from the land and carry it to the sea." ken us< n~
mercury in his industrial proceaees, releases about 4,500 tens
of mercury into the env5ronment yearly, and most of it ends
ux in the oceans. In hum~ , mercury poisoning can cause
br in damage to unborn babies. The mercury destroys the brain
cells. k case of highly' toxic mercury poisoning «as in the
Finumatu Bay on Kyushu Island, Japan. One hundred people «ere
known to have died during 1953-60 from the deterioration af

mental and nervous systems culminated either in death or

complete insanity. In 1970 Dec.!, millions of cans of tuna
was fo~ to contain oangerous levels of mercury, ard also



in some swordfish.

"%hen tetraethyl'lead was introduced as an "anti-~ock"
constituent of gasoline in l925, there was about 0.01 to
0.02 microgram of le~d per kilogram cf seawater. This con-
taminating mineral had been washed from .he ea:th by rivers
and deposited naturally in the oceans. Today there is about
0.07 microgram per kilogram in the seawater, man has succeeded
in more than tripling the amount of le"0 in the water in ]u~t
a few decadest" Lead is toxic to almost all organisms. Lead
concentrates in the surface waters, where most sea life exist.

Kstuaries support many of man's principal food ar:I-.~ls.
for example, oysters, crabs, scallops and sh imps. They serve
as nurseries for co.'mercial and gaze fish, like flound~.r,
fluke, bluefish, trout and bass. Estuaries, Bays and coastal
lagoons not only support fisheries but also serve as nurseries
for the eggs and yound stages af fish found off hors as adults.
Chemicals like nirex washed into estuaries have caused the
death of millions of shrimp and blue crabs. Chemicals Be-
oxygenate the water, discolor the flesh oZ fish and kill
yhytoplankton who are sensitive ~o chemical poisoning.
The organisms in estuaries have the greatest danger of being
exposed to toxic chemicals. They are more directly exposed
to the steady flood of persistent toxic chemicals .
Commercial fishing can be wiped out by depletion of oxyp~r.
and the foul taste of fish. There is also the danger of' ab-
sorbing bacteria which might change their behavior p tterns .

Pesticide-"A chemical used to cause the death of r.~n-
human organisms considered by man to be "pests", ie, inimical
to human interests." Xnsect5.cides and pesticfdes enter water
in many ways, chiefly through runoff from treated areas,
erosion of land, waste discharges from industries or from
aerial spraying. Estuaries and coastlines receive the most
of insecticides, pesticides end fertilizers washed into stress
from agricultural fields. Modern agriculture is dependent o..
pesticide and fertilizers and will become more dependent on
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it as the population increases. The damage to the environment

by pesticides is massive. It changes the structure of the food

chain by wipLng out some importe-t phytoplankton. This might
C~e the upper levels of the food chain that comprise large
fish and maazna1s of the sea. It slows down the growth of
marine planters Any decrease in plant growth threatens the

supply of oxygen in <he ocean and atmosphere. Pesticides, In-
secticides and fertilizers can poison an organism's vital life

processes, interfere with its feeding and reproductive be-

havior, interfere with mating and migration seasons and make

it more suseptible to disease and predators.

3!DT is a very effective pesticide a~inst insects and

other ~~ul pests. It is a mixture of DDE compounds and

other compounds inclucing DDT. Much of the DDT is broken down

to DDR so most of the DDT in the envircnmen+ and in living

things is DDE . Ddb takes longer than DDT to break down. It

remains in the environment for long periols of time causing

damage to those who consume it. In fish eicting birds, their

body tissues were found to contain DsT, fear exam~le in re=

productive organs and. nervous tissue . Bir& i~ere found to

produce less offspring. One known effect of DDT and associated

chemicals is that the thickness of eggshells is so thin and

fragile that the female cannot incubate them. lhe sex hormones

are also affected which leads to infertility ~ That is the

reason for the deere=se in bird population. Por some species,

there is the threat of extinction. Some fish eggs do not reach

maturity which causes a ponulation decrease, some even lead to

extinctio n. Crustaceas are very sensitive to DDT causing them

to die within t«enty days. The serious effect DDT or DDE have

on mollusks is the growth rate which is slowed down.

Zooplankton and phytoplanktcn are highly sensitive to DDT.

It enters plankton thro~Igh their cell walls and is stored in

their fatty parts and reduces cell division. It is slower to

dissolve in fats than in water. It also makes phytoplanscton



incapable to carry out photosynthesis. Phytoplankton
produces 7+ of the world's atmospheric oxygen. Coral eeis
are now dying from ~eeticide and dredging of the lard . The
dead coral accumulates algae all over it and the floor is
a brown to white color instead of the green and specVled
color of living algae.

Pesticides aaved billions of dollars worth of crops and
livestock which helped many hungry people from starvation.
lt saved many lives from malaria, typhus, cholera and many
other diseases, without which, many would have died.

Radioactivity'

Radioactive pollution results from the mining and pro-
cessing of radioactive ores, from the use of refined radio-
active materials in po~er reactors, and for industz ial,
medical, and research purposes, and from fallo t following
nuclear weapons testing. Post radioactive wastes are in the
cform of a liquid.

Pish living in the Atolls were found to have radioactivity
from eating the algae. During F11, nuclear weapons were
tested. in the Pacific Atolls, today there is still evide;.ce
of radioactivity in the atolls and it will take many . ore
years for the affects to disappear.
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Thermal Pol1ution

"Thermal Pollution is the heating of streams caused by the

discharge of water used for cooling purposes in industrka1

and power generation plants" . When thermal pollution is

unchecked it can alter the ecology of a stream, lake or

parts of seas. One result would be «hen a road is built or a

field put into agrivultural production, the trees are cut

down thus removing shade and the runoff water is warmer

when it reaches the water causing a rise in the temperature

of the water. The total ecological cycle, microscopic, plant

and aniI'M life may be permanently altered by the heat man

adds to his «aters. It may prompt animals to leave the aree

which then will cause an over abundance of plant li.fe.

The result of thermal pollution on fish is unbelieveable.

The fish metabolism, feeding habits, growth rate, and re-

productive patterns were all affected causing early deaths.

Zf the fish do survive they may not produce offspring for

generations more to come. Heat reduces the capacity of water

to absorb oxygen and other gasses. Warn water cannot hold

as much gas as cold water can. Pe«er living things will bo

found in the water because of a lower oxygen content, and,

water becoming nore toxic. Extra heat in the water is less

capable of fulfilling its natural function of decomposition

and purification thus the pollution increases.. In estuaz'ies

thermal pollution disrupts ma~ine food chains, and oxygen

is less soluble in salt water than in fresh. In warm wa:er,

certain tozins and disease organisis are more lethal to fish

and shellfish.
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Ocean Dumping

Ocean-dumped wastes affect marine or ~isms in a number
of ways. Sewage and polluted dredge spoils which are decom-
posable organic w ates deplete the water of oxygen. =acteria
and viruses from sewage cause infection and disease. Dumping
reduces the light penetration necessary for photosynthes3-s,
destroys spawning areas and suffocates fish and shellfish.

Industries constantly dump anything from radioactive
substances to both solid and gaseous containers of ind 2strial
chemicals. Por example, nerve gas, the government has been
constantly dumping pressure cylinders into the oceans.
There is a possibility that these canisters have already
rusted through and the verve gas has slowly found it= way
into the  mean and has been already absorbed by the e-..v.:.on-
ment Yet on the other hand it may not have rusted through.
If these cylinders should break, it could cause massive dar age
to fish and marine ife as the gas is highly soluble in water.

Some industrial wastes can be beneficial to the .'~ ine
environment and to the life which inhabit it. Artifici;1
reefs are beim constructed from dumped scrapped cars. The
cars provide shelter from predators, forms of algae, barnacle~,
and sea anemones ~ow on it. Pish and plant life double .n a
short period of time .



Oil Pollution

There are many sources of oil pollution which are oily
wastes from oil fields or refineries near the coast. It either
comes from tankers and ships or from offshore oil wells.

The sea does not absorb oil because oil and water are
chemically and structurally different, have little affinity
for one another. If the «ater is cold, the rate of absorp-
tion will be slower. In the warmer waters, tar balls form
because of the roughness of the sea, unless the oil is washed
onto beaches. Another form of oil pollution would be sub-
marine seeps or natural seeps which fouls the seas and the
beaches. But marine organisms which have survived these
natural seepages wi11 a'so survive oil polluti.on caused by man.

The effects of oil pollution on marine life and animals
is horrible 4o think about. A single oil spill kills thou-
sands of birds. Their feathers insulate them from the co d
but allows them to float in ~ater. Being penetrated with oil,
they freeze to death or drown. lith feathers stuck together
it is ihpossible for them to fly. Even with individual care,
on1y' a per cent live.

Oil pollution kills marine plants and surface plankton
by coating and asphyziating them on contact. Phytoplankton
are responsible for the production of' 9~ of the living
material at sea. Produce 7W of the oxygen on the earth. Zt
also kills marine animals by fouling the respiratory pas-
sages until they choke to death, too, oil ~ticks to their fur,
some are fortunate to survive but many die. Pish found near
oil refineries were found to have cancer of the mouth. Also
fish obtained in the Rorth Atlantic Ocean were found to have
an oily taste from having ingested the tar balls. Shellfish
«ere found to be contaminated or killed, scallops and
oysters in some areas were fa ad to have an oily taste. Oil
pollution can destroy the food sources of marine life;
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reduce the resistance of marine organisms to infection and
other stresses; interfere with reproduction of -.nimal3;
penetrate and. remain in sediments and persist in the .ea.
More and more cil lumps are being found on the surfece of
the deepest seas far from land. Oil components can enter the
food chain and. create devastating results.

3r. T.B O'Heill, a microbiologist! at the Navy's Civil
Engineering laboratory, Port Hueneme, Calf., experimented
with marine bacteria that can eat oil. It is calLed Iseudo-
monas. It can devour of.1 in forty-eight hours and the popula-
tion increases greatly; 10,000 microorganisms ver milliliter
to 20,000,000 per milliliter. Fifty to seventy-five percent
of the oil is broken down into smaller harmless compounds .
The bacteria is most effective against rrarine diesel oil,
crude oil is the most difficult to digest. This bacteria might
provide themselves as a source of food for lai er m-rane
organisms. The Navy hopes that these bacteria will vrove a
highly effective agent in ." =ducing the demark' from uture
oil spills ~

Sediments

Sediments causing pollution reduce fish and shellfish
populations by' covering fish gills, causing them to smother
to death. Xt also causes hazards fur aquatic animals as they
depend upon sight for finding food . Sediments cause a de-
creased rate of photosynthesis, thm decreasing the Level of
oxygen in the water. Bottom feeding fish and filter feeding
mollusk have been found to contain tumors where in unpollu-
ted areas the fish did not have any' turn rs. It is very
possible that sedimentary pollution causes tumors.
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CONC LU8I ON

97.+ of the earth'e supply of eater is in the oceans.
2.1. of aseeseible ~ater is found in glaciers axui icecape.
Everyday 940 cubic kilometers of water evaporate from the
surface of the sea and pass into the atmosphere and even-

tual1y fa11 as rain. About 80 cubic kilometers supplies the
land with water, the rest falls back to the sea. Therefore,
the sea is not only the source of all marine life but of all

life on earth.

Xn the future, man must depend more and more on the
resources of the sea to sustain his many needs. Hot only is

the sea our last untapped resource, it is also the final sink

for all products, natural or man-made. Modern technology has
made man into a qeomorphological and geochemical force. ~one
of the materials that end up in the ocean are beneficial but

most are detrimental and they are changing the marine environ-

ment. Though the process of evolution continues through ch~n~es
caused by volcanoes, earthquakes or tsummis, or slo» changes
in temperature and salinity, can zan someday affect the fitness
of the marine environment in a »ay that it becomes unfit for

the continuance of the process c evolutionC Can man pollute

the sea?
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RED SOIL RUNOFF AND ITS EFFECT ON CORAL
by Mayne Randa! l, Kubasaki High School

The pu~se of this paper is to point out some destructive effects on
coral caused by red soil runoff in the mters around Okinava and suggest
the necessity of further resmxeh to provide effective control of the problem.

I have been on Okinawa nor for ncerly 10 ~ra, and in ~t t='e peri%
I have seen reefs decay from a thriving park for fish�divers, and co~lp 00
bridges of dwd coal ~iting for the pounding MLves to knock them apart.
This and many other mxd things bappening ta the oceans tock! have inspired ze
to investigate some of the destructive problems of the ocmxns and to pursue
a careex' in aerine biology.

The sross of ieoestttsstioo of this psper is t'oe hrf ~ash;-Kitehsro
Onna-son, Okizxxm. At one time the bay had an abundance of live coral ard
fish vhich vere vital to the nearby fishing vs.&gee. Kocha-Katabxru new
has hardly any live coxal and pxactically no fish. The only s p~xnnt cause
of this problem is red soil pollution.

The three asia causes of the red soil pcRQxbion in the bay are mount.~in
strip quarrying, poorly planned roads, and runoff from pineapple fields.
 S e ch ~ Io. 1.!

Kocha-Katabaru is one of the any areas of Okixx ~'s oc~ns affected hy
the red soil pollutants, but at this tiixe it is the only ares in OkinaMi
prefecture on which research is being done. Bm~use the problem has +st
begun to be researched, only one report about the problem ixLs been published
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on tha problem. Cne more ia eood to be published.> The +mount of stud+ of'

red aoil effecta on cozlLl, ia anaLll and the reasons vhy red soD kills coral

ia ye unana:ared.

Thia leper ia an attempt to ahov the mau1ta of some tests that t~ve been

run an how Ph effects the voter and the red soil tolerance of coml. Some of

my paraoaal experiments, observations and opinions are a1so noted ~ ~nd so..e

future research that ~ be done ia pointei out.

1. Fu!iyaam, Toruya, ed. Ckizam Counter Measure Committee on Red SoQ.
Research end Situation, ka h' 8 ' ru G

n 'sh'n G a, Txanalstion. Okina~ Prefecture, Ve.xeh L9'8
2. am Su n Sh n Ke Jo o Hokckush

'an f Ok w ' ' sourc s~ Tr ns'lution!
Unpublished aanuacript, 1978.
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Personal Research on the Status of M SoQ Pollutants on Koc?a-fhttbn&

W October 16, 1978 ~t amund 4:00 P �f., I vent ta P~!m-K taba ru �Toe

tide w>s +st begiming to coma in. Tvo days before, there Md been heivy

r-'&s aM high v~s and on tNe day be are there had been 'ight shovers ~M

a stiff b."-:se. These Actors ~y have c&nged my research f'Wings, shav=.;g

more negative results than usual. The day I collected tl e maples for re e-rch,
hovever, vas surer vith only - slight brac" e.

Ky immediite abservations of the bay vere tMt the vates v.s red;ed

muddy and tt~t 4:ere vas no live coral and no fish in sight. I tack sam!'les
fromm an area about 600 meters out from the shore. I took s"mples of the

sediment from the ocean loor as vali as samples of the mtsr, berg a~re. '1

.at ta stir up the s~ter. Fram the samples l attempted to find aut ti:e

amount af suspended particles in a set account of mter, and if rad sail ~s

dissolved in the vater, hov much red soil could be sus"eMed in the venter.
I --iso at.empted to f='M out hov much red scil vas in a fixed no~ c." t.'-.e

bottom sediment. Pot all of my experiments vere successful. The mc~t

of red sail in the sediment vas not found out be." use af i:y l ck of knavledge
on sail a~ration.

Pcr my experiment on the amo nt of red soil pe.rticles suspanced in tr.e
vater, I took 7CO ml of the vater sample and filters. it. Tne pur.ase
the experiment vas to see the effect of motion an the suspension a" red sail

in the ~ter. The vater in the bay from vhich I took the sample vas canst=atly
in ation bscau e of vnirlpool currents vhich I vill mention in more dc ~aU.
&ter. I found the dry veight of the s.mple to be OJ. g.

~ testing to see hov a+eh if any red soil was dissolved in sea ~ter,
I boiled off aU, of the vater, @hen I did I found no red soil dimolved in
the am vater.

77



Qn my last successful experiment I tested vater motion and soil sediment

to eee hov ruch red soQ. cauld be suspended in fresh vater. I took six test

tubes and fG.Led each vith one gnLm of red soil and 10 ml of fresh vater. I

shook each teat Cube for one minute. I then 1st test tubs 1 settle for 10

secondr, test tubs tvo for 20 seconds, three for 3C seconds, four for C.3

seconds, five for 50 saconcs, and test tube six for one minute. The results

are in the follovtng chart.

I have Cvo possible reasons vh," so many rsd soil particles can be suspex'-sd

in the ocean vater, and so fev ~rticles in my experiment vith fresh voter. ~~ns

is th t the ocean mter provides much more buoyancy than fresh voter, "nd tvo is

that the currents of the ocean keep the soil stirred up, so tmt~oil vhich v.uld

othervise settle to the oc~ floor is kept floving. So vhsn the ~ter is

moving, it vould not be a real danger to coral unless the soil v s cn: r-'sd to

~n area vhich hu? less current. I believe the chances of the suspendad oarticlas

being deposited on a different area are entirely possible. The question is shy

vereh4 the suspended pari'iclea actually carried elsevhsre.

This experiment tends Co confim the visual observations I shade at Koc'na-

KatabLru, I found that ne rer to the bwch vhere the vater vas svift, the b~ches
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vere hard vith little sediments but f~rthcr out where the velocity of tbe vatsr

bad been aloved down, the bottom ma soft and had a deeper tccumulstion of red

soil ~

Experiments and Research findings of Ok~wan Scientists

One question studied by the Ukina~n researchers vtRs t!ut of Ph change

and Mange to coral. The Ph change brought about in the ~~ter because of the

presence of red soil ie one question in debate. ~ an ix'.szviev with Dr.

Tutauno Higa, a professor of Ryukyu University, he stated thnt the CO2 content

of the water is reduced by the acidic rsd soil and that s:~e coxmls an Okinawa

hav-' algae graving on them ard the coxals feed from the al~e. The Mck of

C02 can cause the needed alga.e to die.3 However, further research and teats vere

conducted by ths Ok<~m Prefecture Counter Measure Committee and "it haa been

found that the Ph is not changed enough to cause coral to die."4 The Ph at

the mmtha of the rivers at Kocha-KatabRru bay after a 9m@/ddly rx.in ahovei the

Ph to be around 83.7-8,27s and on a clser day, 8.21-8.32. Me can ses that

there ia a definite influence on the Ph level, but not enough to jaRke a

difference in coral  pevth.  9ee charta 2 and 3!,

A different kind of experiment on red soil damage to coral vaa done by

the Okinawa PrefectumFisheriea Besearch Facility in Itosan. It vaa a water

~aa experiment, In the experiments four seta of ton apeciea of coral placed

in four experiment stations vere used. For each test ths specimens vere placed

in lab dishes 10 cm in diameter and 2 m taU., i unifoaa amount of red soil

vaa added to each dish at the bottom of each experiment station. The section»

each had 30 liters of acta n water passing through a + filter. The red soil

3 Interviev with Dr. Tatauno Higa, Prof. of Chemiatxyd University of Ryukyua,
4 ~ Zntervi&f vith Dr S k~sm, Director' of the Vkinava Praf ac turea F isPHe s

Rxparimentatian Station,
f, to!~am, To~yas ed.  Trans,! "Okinam Counter Heaaure Committe an Red

Soil Reeaaenh and Sitnatione Reeoeeoh on the ~polluti Eddente ot
Red Soil on P~iehin Geounde, ps 13
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particles used vere less than 250@ in diameter, Section A bad 0,0g/Lit*r of

soQ. passing thrcugh it, section B Md OJ. gfLiter, and section D had 10 gtt'

red soil is ca~ble of damaging and/or destroying coral life after cskin

periods of time, The table belov shove the results of this experiment, e

0:Living 4:Partially Dmd X:Dead

Another factor of vhi<pool currents ms also ob."erved. At Yocha

Kata'aaru "strong vhirlpools are i..treed eh~"e the rivers flov into the ba'.ten

of the bay." Because of the currents and vhirlpools the re soil generally

stays vithin the bay causing a zeserhable accu~tion of r59 soil. """ec.use

the ate of flov and spread af red soil is e'ov corn~red to%&~ia-Katabarc

 and other areas! hese pollutants raaein a caarpa~tively long time and

contribute to the deterioration of the biologiml environment."

6. ~sa~ ~ ~th ~P~lutiog ~f~t of ~ ~ ~ Qal~ G~~e, p. 119.
~id, p. 143.

8.

liter. After 48 hours of seeing voter, the specia4ns vere pMcec in e concrete

vater tank 24, more hours before being observed, This experiment oroved. tF~t



couture research is needed to help determine same af the reasons why red

sail terms the snrine life. "Piers is ~ necessity to determine definitel~
 g�p de s�~!

the aaount of SS in red sai1 contamixents�'F Furth, r detailed ccnoit.cn

research af the oceans bottojs resulting fram red soiI flov ia needed. ~~re

research is needed in determining the pe~enMge of red soil confined in .he

10

The vriter third the e feet cf blocking aut sunlight xs ~ neccss n.

study also. 4 hea~ accvzulaticn of red soil ! ike tl"=t at Koch-ih&~n.~~

cauld possibly black aut mast if not aU, sunlight, Dr, Higa pointed aut

in the interv<ev that sunlf.ght is necessar; for photosyntkes's v'.-.ich in t;: .:

is necess-~ for acr~i tc live. Dr, Sakiyama also felt ~t blackir.= ca'. cf

sunlight effected the coral but as yet no say of testing this has c..~r,

devised.

Red soil pollutants do seriously effect the mrine amiranment. The

auestian "very" is stiU. ta be ansvered.

19 ~ nd t ns of Ok nsvs's Nuprin sources, p. 4l

10. ~Ib d.

ll. See chart no. l.
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c

Kocba-Kutabaxu, �! percent of sea bo4tae layer conte-'ning up ta5 cm of ~ soil pollutants,  Ttanel.! F~ Corditians of Glrive mac iLrine
~eirei s, p. 32,
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Chart Za. 2

Kocha-Kababaru, Ph. on a clear' day. Oct. 4�, 1977  Trxnsl,g
Frosa Conditions of Ohiru~as a'hr 'ne Res.u-.ces, o. 27



Chart Ko. 3

fB-p~ Bbf'-/FAN -p,,g; �,q: ~~

Xocba Katabam, Ph aa a day a&er csin. Kcv. 7, 1977,
 Tonal.! Cord'ticns c Gkira~as 8 ~e Resources, p. 2P,
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A UACULTURE: UT1L12ATIGii GF HAR1NK ALGAa'.
by Allison K. Fujineri, Ka'u High School

Introduction

Statement of Problem

Thxs particular subject wss selected because many people are not aware

of We numerous potentials of marine algae.

Results o. Research

Many seaweeds are edible and have been entered as vegetables into the

diets of human beings, Earliest records of this coem from the Cbinese who

mentioned food plants as "Lsminaria" and '%+x~cilaria" in their medical !cur-

nals. Aboriginal man must have experimented with marine algae found a'ong

sea shores and results of this experimentation have evolved into established

custom i

1Elmer Yale Dawson, Marine Rotan: ln Introduction, p. 302,

C, L. Duddlington, Be inner's Guide to Seaweeds, p, 161,

89PreclfiN page hfaiik

"The American 1aynan's usual experience with marine algae is in accord

with the implications of the word "seaweed", ac ~ useless or even noxious

plant of the sea." It may have appeared unsightly to bim--littering lovely

beaches, entangling hia fishing line, rotting the bottom of bis boat, or even

causing him swimmers' itch, He may not realise be uses it practically every

day of his life, and that it is a natural resource that bas become fu.nda-

mental to numarms industries today.

This paper will briefly discuss historical uses of these marine plants

in various parts of [.be world and how tbeaa simple uses have evolved into

important industrial productions that touch tbe lives of millions of people

today



An interesting example of this kind of experimentation is Porphyra" ~

"Porphyra" is a coeem plant found in the North Pacific. It grows in the

waters of the Gulf of Alaska to CalifoTnia. Anthropologists report it was

brought by Indians when they came from Siberia. The Indians disliked salt

and used "Porphyra" to supplement themselves.

The Japanese ate "Po~yra" as a healthful supplement to their rice diets.

It became widespread not only in Japan, but in China also. The demand for

"nori" has grown steadily and production has reac'hed huge proportions. Waar

well known marine algae of the orient are "l>ndaria" and "Laminaria" found in

the cold waters surroundins Rokkaido, Japan.
4

The most diversified use of marine algae as food was by the Polynesians

in Hawaii. "Limu", as the Rawaiians referred to it, was considered a necessary

staple to their daily diets. Because there is less quality and quantity than

in Japan, marine algae of small quantity and limited habitat were tended to

in royal "1imu" gardens, Choice delicacies were served eely to royalty.

G3.ass provided "look boxes for unaided water supervision.

Marine algae as food is not so extensive in the European areas as in

Japan, Phillipines, Hawaii, Nelaysiap or Indonesia, but several did achieve

significance, "Rhodymenia palmate "~ known in Scotland as "dulse" ~ Ireland es

"dilli,sk", and Iceland as "sol"~ is marketed in British Colombia ~ The best

known food algae in Western Europe is "Chondus crispus"  Irish moss or cars-

gheen!, This food alga is seasoned with milk and vanilla and is made into a

dish called hlancmanges, The use of this food alga was brought by colonists.

Cit., p. 303.

4Harold E, Schlichting, A~1ae, p, 3'5.
5C ~ L. Ouddiington~ Be inner's Guide to Seaweeds, p. 161.
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The rav eeaveeda vere inported to Boston before 1t vas noticed that the best

grovths of "Chre.dus eris@us" occurred along the Nev england Coast. The jelly-

ing qealities ot' this food alga, the result of etherial sulfate in its cell

mila, gave it an early food use. The extract 1e nor Imoen as csraghaen. 6

8ae~ds are not of high nutritive value because they are not easily

digested�H ver, they do stimulate appetite, provide necessary salts, and

furnish inportant vf,tanins and trace elesents. 4 genezul in~zveaent of

health m;.- foiled ~ diet aupplsasnted vith aeaveeda

The Europeans used carina algae aa foddez'. rm Iceland and ScandMavta in

the British Zalea along the coast of Prance> cattle have been alloved to vandax

~ lang shores during lov tide Bhodyaenia palnsta" and "~ria esculenta" are

favoritea of goateed co~ay and sheep. They are often eslectilAR of Rhc~10+

and ~LLaria" and avoid others sQaoent to it Cottle and sheep are fed NBhody

aenM~ end "Algeria alnoat exclusively. Fovever, ~ dace not taste of algae

ner ia ~t inferior because of the saaveed diet. Aaimla nourished ce sesvseda

for several generations shov ability to digest it bettex' ~

The shortage of grsh~ in turope during %eid Mar I led to the expsrinenta

tion of curine algae aa fodder. Factoriea vere buQ.t in Frence, Norvay; and

Oermny. Methods cf treating and reducing seaveeda for this purpose vere

developed, Favmeble results in Europe led to the processing of the Pucific-

C~at kalp Necrocytias in Loe Aagelea for mineral decades. The high nineral 8

content fade it possible fm supplanting poultry snd an'.eel rations aa dried

fish and oyster shells.e

Harold E, Schlichting, ~il e, p. 35.

~C, L~ DuddlingCcn~ Be nner'a Guide to Seaveeda p. 162,

Ibid,~ pi 16Zi
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Tbe value of marina algae as fertilisar was discovered in coastal Asia

~ nd by tha ancient colonisera of the coasts and islands of Northwestern europe.

Driftweeds provided the most convenient supplies and were either introduced

directly into soil or cn farms to partially disintegrate. In Britain, the

cutting of rockweeda became so extensive that it became necessary tc regulate

it by laws now in effect for 100 years.9

A small area in which seaweed fartiliter ia the primary support of its

populatice is Arran Island, off Franca. Rocky, barren land was built up for

potato production by kelp deposits in rock clefts,

Before tha United States recognised ita potash content, marine alpaa wss

employed by thrifty farmers of New 2hgland, Not only its chemical fertilisar

use but water holding capacity proved effective. Furthermore~ marine algae

decay slowly forming humus.

As agriculture developad on a mechanised scale in the nineteenth century,

the United States became increasingly dependent on Oerman potash supplias from

the Straussfurt Mines in Germany, By 1910, 412 million worth were imported

annually. When the availability of these supplies was threatened, ths Unit"d

States initiated an investigation of their own Pacific&cast kelp groves. In

1912~ reports with mapped beds and an estimate of tonnages were put outa Ken

these supplies were cut off completely during World Var I, the harvesting and

rendering of California "Macrocytis" began. During 1917, about 30,000 trna

were produced, and harvesting and drying methods were developed. Daring suc-

cessful decades, these developaents have led to the establishment of ~ pa~-

nant industry.

9ELmer Yale Dawson' Marine Botsn t An Introduction, p. 306.

loIbid ~ p 3

C. L. Oadd1tndtnn, ~da tnnes's Ontda tn daaaaeds, p. 165.
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medicinal urea are almost aa old as their tood uses. The Chinese used
'Sargaaauw" and various La«inarialea in treataent of goiter and other glandular
problems. "Gelidiua" waa used for atcmwch disorders and heat-induced Qlneea,
The swelling of 'Laainaria" strips gave it uee aa a surgical tool ~ The orientals
employed the same technique for expansion of the cervix M childbirth.12

Probably the most longest and widely used «arms algae coae from the Agar-
phytes including %e].idium" "Pterocladia~ and %recilaria'm ~ The «ord ~agar-
agar means "Jelly" Tbia jelly ie the resulting liquid obtained by boiling
seaweeds, Agar was used for atoaach disorders and aa a laxative and dietetic.13

It «aa originally produced and mrhet in China untQ Japan took over in
1622 and Naintained a world monopoly until 1940. The aost significant date M
the hietcey of ager ia 188l, when Robert Koch proved ita value in the cultivatim
of bacteria. Since then~ it has been used in hospita'a and Xabcratoriea through-
out the world,

Irish moss  "Chrondus criapue"! hae a long history in %crepe aa treataeot
for diarrhea, urinary problems, and chronic pectoral infections It bright
~ bout the establishment of the «oes industry in Beituate, Massachusetts in the
United States. It is still used in ~land for pul~ry diat~as.

Modem industty hae developed numerous nedical and phazeaceutical appli-
cations, Linnaaus, the ancient Greek scholar, knew the alga "Coralline offf-
cieelia" as ~ popular ve~ge in aedieval tinea. Tn 1775, ho«ever, a Greet
scientist discovered a eaall red alga  "Alaidium belainthcchorton"! with vermi-
fuge qualities on the ialand of Corsica, Zt wes considered the aa«s verwifuge

12 Harold E ~ Schjichting~ A~lac~ p, 37 ~
1 . 55.
14Riser Tele Dawson, Marine 3otan c An Introductim, p. 3N' ~
15 ~, p. 55b.
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plant used by the Greeks and ia now referred to by Congress as Corsican nose.

Industrie!isatf.m of seaweeds in Europe began with the production of kelp,

the aah derived from burning serine plants. The tern stiU. holds M Europe,

Pit in the United States has corn to apply to tha large brown seaweeds. Kelp

product$m wsa begun in the seventeenth century by French peasants and spread

throughout northwest Europe. Driftweeda, than cuttings, were used. "Laeinaria"

~ nd "Saocehiaas in north Britain became of aa!or iseportan e. Kelp ash waa

bought by induatria!ista for the manufacturing of soap, glass, and alum. Quring

the eighteenth and nineteenth centuries~ desinds becaee great and large amounts

of seaweeds were handled. In the British Hebrides~ 20~000 tone were producad

annually, requiring the cutting of 400,000 tons of wet weed.

Zbe laelp industry in Britain reached its peck in 1810, when bari!!s soap

beoaoo ~ coapetitor. A decline ~»t in, but industry revived when high iodine

yield in seaweeds waa diacavervd. Industry continued favorably until !873,

when iodine fram Chilean nitrate sources becas» a competitor. Industry Jeclined

steadily until 1930, when it practica!!y ceased in wast areas. The only area

18
n~ producing seaweed iodine c~~rcial!y is Japan.

A rapid industrialisation of t' he Pacific-Coast "Nacrocytis" beds wss

brought about in the United States r.uring wertis» in !9�-!918, mechanical

harvesters were developed, and 400,000 tons were cut annual!y. Even after the

close of the waa, utiliaation of seaweeds for other purposes were soon realised.

Inventions and discoveries led to the beginning of the alg1n industry. "

� -! p- 307

C ~ L. Duddlington, Be inner's %1ide to Seaweeds, p. �3.

IbM.~ p. 164

19 Op, Cit, p, 165
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Algin means bye',rapbilic or water-lavkng. Sodium alp%nate is the most

comfy lmown algin. It ia ~ cellwaU. constitute found in brown algae and

Laainariales. Kelco Coajpany of San Diego, Califa~f. ~ is the primary producer

of "Nacrocytia" algin.

"Nacrocytis" is harvested by a barge equipped with a waving machine and

orana. The load ia brought directly to the factory for washing and processing.

The kelp ia chopped, shredded~ and placed in a atda-ash digester. Tl.s ash is

dented, alkanised, and purified by filtering or centrifuging, and is then

treated with calcium chloride. The result of this processing ie calcium

~ 1ginate, which oan be treated with acid and converted into alginic acid far

specific uaea.

Algin has water-absorbing qualities that sake it use%. in numerous indos-

triea for thickening, suspending, stabilising, ewuleifying, gel-forminp, or

filII-foraing. For example, algin provides ica-cream Wtb its smooth texture

by preventing the formation of 'ce crystals.

A few years aga, when decline in supply along southern California kelp

beds occurred, the ~tate surveyed kelp bed ecology in order to prevent any

such loss again. Mare than a quarter-million dollars have been spent m

research, Experimental studies on 'Ae effects of pallutim and graaing organ-

ims are continuing, Calcium oxide is new being used to fight the grazing of

aea urchin a.

.KLIaer Zale Qswson~ Marine Botan t An Introduction p. 308,
2l ~Cit. ~ p. 308,

Harold E, Schlichting, A~ie, p. 43.



Syetanetic Arrangement of Useful Seaieeds and Seavead Cclloida, Shying %yao-
cclloida, Acids, and Salts Derived froa Various Marine Algal Genera

 after Teeng!

Braan Sea+cade  Pbaeophyta!

leaf kelps

"Lasagna ria"

laeinarin

fuccidiis

alginic acid

acdiua a1pinate

a85lcxlinR algina te

calcine alginate

chraaiua alginate

giant kelpa

Nacrcc+1

algin  aa shove}

algin  as above!

r ackaeads

tuccidin

~ lan  ae above!



Red Seaeeeds  Rhodophvta!

"Gelfdiue« California Japan, China!

~ gar  gelose!

agsrinic acid

sodiua agarinate

pots salus age rinata

calcf.ue agarinate

algnaaiun agar%nate

"6rac&aria« Austrailia, South Africa, North Carolina!

agar  as above!

«~rociadia« Ãe» Zea1and!

agar  as above!

"Ahnfeltia"  Sakhalin~ Siberia«White Sea

~ gar  as above!

carraaeens

Giga rtina" ~ "Chrondu s"

carrageenic acid

potassium carrageenate

calcine carrageenate

"Phylloph ore"

~ garoid

Iridaea"  "Iridophycus"!

iridophycin

iridophyeinic acid



"Qloiopeltis"

fh o~'3

Conclusions

This paper baa abosn many uses of marine algae, not ccQy aa food for huINan

consumption, but aa fodder~.terti1isar, medicine, and industrialisatim.

The future for the utilisation of marine algae has tremendous potential

and it is boped that further studies ~ be mdei
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ZUCBEUMA: A POTENTIAL AQUACULTURE CROP
by Narjorfe J.L. de ta Pena, Kapaa Keogh School

INI'RlXVCTIGN

The Hawaiian Islands are surrcnuded with water They also have many

water resources Mand. Our motto 'Va-mau-ke-ea-o-'e-aina-i-ka-pono"  The

life of the land is perpetuated in righteousness!, totally disregards one

of our most important resource, the water.

Today, some people are trying to utilize this resource to its fullest

extent. These people are cultivating crops that can only be grown in water.

Prawn aquaculture is rapidly growing in Hawaii. In Kilauea, Kauai, C. Bre-

wer and Company is developing approximately 300 acres into one of the

world's largest prawn farm. The growth of this industry weQd greatly

boost the State's economic base.

Others are seeking a way of increasing our economy by putting our

waters into other productive uses. Dr. Maxwell S. Doty and his colleagues

at the University of Hawaii are researching and encouraging the culture

and farming of certain marine algae from the genus Kuchen+. Would

Euchema be a good or feasible aquaculture crop for Hawaii?
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The genLN Eucheuaa belongs to class Rhoh~hyta  Red Algae!, and to

tB

of Eucheena are aaeng the largest of the fleshy red algae. Various thalli

have weighed over l0 kilograms and one was r'ecorded to have been 2 meters

long weighing l5 kilograms even after several pieces were broken off.

Ruchmma species contain caragamans. Carageenans contain a high propor-

tion of gelatin which is used for cooking, textile sizing, making cosmetics

and essential substances for the modern dairy and other industries.

Carageenam can not be replaced by synthetic chenicals.

The demand for carageenans increased as the industries utilizing it

e:qeaded and increased. The natural beds of Eucheuma in the Southeast

Asian countries where the supply of carageenans is imported fran, soon

decreased in productivity due to over-harvesting. To be able to continue

supplying carageenans, the people of these v."mtries started to cultivate

Euchmna, but the doaand is zNw greater because of the ever expanding

industries.



Figure 1: Algal Classification~ !

Red Algae  Rhodophyceae!Class:

Others2Agarophytes Carage~ mSuurces:

Genera: Chondrus Eucheuna

Gigartina Phyllophora

Irodophvcus

0! ChaImen, V.J.; Seaweed r x4 Their Uses, Copyright 1970 p. 131.

KGKQN AS A R7IEG'IAL AQUACULTURE CROP

'I7m climate of the Hawaiian Islands is almost the same as that of the

Soutneast Asian countri~., where Rucheuma gx'ows wild. If Euchema is grown

raising Em~a we can help increase our State's econaay as well as re-

duce the nation's trade deficit.

The State's Department of Planning and Kconanic Developmex t  DPKO!

has published a manual on aquaculture for Hawaii. The biological, bio-

technical, market, resource, econanic and legal/social considerations

are given. Out of the 54 considerations given, 42 were favorable to

aquatic algae and. 9 were problea areas of aquatic algae. The x'emaining 3
considerations show no problems or benefits [figure 2!.

in the Hawaiian Islands as an aquaculture crop, the United States does not

have to import as much carageenans, As we kxxow, the United States' balance

of trade is in a deficit, suffering greatly because of the greater value of

products which are imported compared to those that are exported. So, by



Figure 2. Favorable  +! and Problem Areas  -! of aquatic algae as an
' aquacult e ~ inH iil

Biological Cons iderations Market Considerations [cont!

Sictechnical Considerations
Economic Considerations

Market Considerations

Identif iable local market
Identifiable mainland market
Identif iable international market
Potential local market

7 Indicates no distinct problea or benefit.

1Deparbaent of Planning and Kconanic Developnent, Aquaculture Development for
Hawaii, copyright 1978, Pp. 45-50.

Reproduction in captivity
Froodstock maintenance
Reprodu" tive cycles
Cultural stocking matex ial
Survival to time of stre~
Diseases and parasites
Hardiness
Gvvmut time
Survival to harvest
High density culture
Peed conversion efficiency
Txephic level
Maturation
C-nniba lism

Broodstock ma;ztenance
Mass rearing of stocking material
Mass gnnemt
Broodstock f eed.ing
~P,Q f CHILL'll$r
Juvenile f ceding
Adult feeding
Harvesting
Transpor 1ng
ProcessingjPurging
Larval nutritional needs known
Juvenile and adult nutritional

needs known
Larval rations developed
Yeax -round cultured stocki.ng supply
Year-round cultured market supply

+ Potential mainland market
+ Potential international market
+ Wholesale price - Hawaii
+ Subculture preference

Recreational potential
+ Inter-regional competition
+ Catch fisheries competition-
+ Hawaii
+ EcoxxmLic risk
+

+ Resource Considerations
+

+ Site
+ Water

Expertise required

+ Pas t performance
+ Likelihood of institutional
+ funding
+ Potential profitability
+ Confidence. in prof itability
+ est imate

Time to develop industry
+

+ Lega1/Social Considerations
+

Legal barriers to import
+ Lega1 barriers to culture
+ Legal barriers to sale
+ Social barriers to import
+ Social barriers to culture

Social barriers to sale
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Based on the given infozseLtion, 1 ccncluh that Rucjheme species

auld be favorable materials. as a~~ture crops. They are sturdy and
will gras well under the climatic conditions in Hawaii. Purthezsor, E
feel that the dcesLnd for caregeensns will grow as the industries that

utilize carageenans expand to eeet the needs of the world's genug po
populaticm.

Qmp~, V. J.; Saaeeh mxl Their Uses, O~yright 1970

Bnecn, E. Y.; Marian Mol: Pm lntvoductim, col~ight 1966

Deyartsent o Plaming and SccxxeLic Develogaaet; ture Deve
for Hawaii, copyright 1978

Doty, N. S- and Alveres, V. R.; !~weed Faxes a Neer for U.S.

Qdus~, aopyIright 1973

"Seweed Culture, Technology Nith No Place To Got" Sea Grant Naeletter
Vol. 4 No. S eel 6

Doty, N. S.; F the Red Seaweed Euchezsaa For eeeLns, copyright
1973



FRESHWATER NNINI: A NEW POSSIBILITY FOR AQUACULTURE
by Raymond W. Richards and Lyra N. Aniha~�Pahoa High School

The mrgeanfish "lhnini" is sa exoallent faad fish in Hawaii Xt is

delioious fried or over cheek, Bat, it P~ fair3y herd to arne by, i

few months ago., this fimh had to be caught in ~ net to be sold in a eaxket

Nerd spesr. i fish msy be sold also so the aeahLt is a little mere easy to'

Sat there still isn't enaugh of the fish to go aracncL

%ae %a|ini ar "convict tang" is a surgeon fish Xt has sn ovt',

ocRIROssed body Wth a sssLll RQLtha It ~ scales are very eaalli it' s later

al line is srched high in fronts slightly exrv~' tock the tail Xt

five to seven vertical b1aoJt stripes along its body length, Xt noreally

grata uy to seven inches but ve have seen larger,

It is found sll over Hsaraili avtauuing in large schoalc aver the coaetsl

~s~ Xt is also found t~guxrt the paoifi.o islands ~ Xt is smally

fame in mters ny 4o fifteen feet in depth, It ~an be found in eater up to

this~five feet deep, Xt'e principle food is seaweed~

The %mini is a good. food source+ if it oauM be fsrmedv then ~

there r~d be enoogh of this great food fish to go ~ii far every-

'» to ~oy alot mme than they da now,

]bmLIng a saltwater fish is fez+ difffou t, fazmLing a fresh

~ter fish is a1at easisri 8o m ~ xy vith the idea of trying to

change the saltwater N~ inta a free?mkter fish, Xn acr experiment ee

tried to do Past that.
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Ozr a:Cexials inolmdeds one tventy gallon aquarivmi «n mxQrgrarel

~ corner f il ter, an4 4eooratlve material e such as plaet ie planta

an4 a cert~ des~a 4iver,

Vs need ~ynaimate+ 6e5 kilograms of coca@ vater an4 6 maniniy, ceae

aholehole an4 a betterfly fish

Oar metho4s vere simply Caking memnxrod smopnte of vater from the

~ atahtlishe4 apmeivm and replacing it vith filtered rain vater.

ve ~~Vr planned to start vith 100 mls at a timei >A ~sum d.~

the laok of time ve eteppe4 it ny ~gag 1500 als more at a tijmt far

~ sample 4000, 5500, 7000, 8500 and. so on ifter ve chanse4 8500 mls ve

decided to change the vater en~ other 4' vheh possible instead of every

4' ae vhen ve starters 'Jhe follovtng data are vhat ve recorder

~oat oi we stsnted tao sdussdun using s tuenty gollau tant, aae eet el

en~grarel filters, one OdmSex filter, ocean gravel and apyroxiiately 53 to

55 liters of ooeszl lALter from Xl'pcho 38+ in POD' Ve ochght six ~Glisk mme

Bottom~ fish for good looks and me aholehole  vhich m di4n't kuov ve had

until ve eet np the aquarivm! and put them all into the tank Tires 9~30pu.

~1s Optima! fish are 4oing very veil+ 'hey seem to ahgust to thoir

e e.

marine disease Time j 1 j30ya

Nor 11 Qbservatims~ fish appear to be doing veil. We tried to feed A~a

but 4idnet observe any feeding activity+ Time> 12s30pm

~2C 44'ex'vatians; fiS: appeal wle 1 ei,-a~h",an. jt .~n'-.. lik ~ they '«oil

:ire -d. "" -; 'n gtWerieent. Added f~en drcpe Of ecrga~~1

Ve fe4 them and observed s~ feeding activity. Timea 1s15ps

107



>!ov 4t ".e ~t;.,"' ci.' t.':e trnnsformation. We took 100 mls of water from the tarmac

~..4 r~zleced it with 100 mls of fresh filtered rain water. Observations: no

change in fish behavior. Also fed them. Time: 6:45pm.

Nov 6: Took 150 mls of water from the tank. We replaced it with 1 4 mlr of

f! e..'s f'1.e. ed r»n water, fed <ish. Observations: no change in fi h

b.havior; they f eed also Time: 9;35 am

Ye m=.'e a -.istQc that might cost us the experiment. We miscalculated

and instead af changi."p water by hundreds of mls, we must chaage them b�' t:re~-

at a ti-..c.

Nov 8: Took 4X6 mls of water from the tank. Replaced 1000 mls of it with

1' mls of filtered rain water ho cImnge in fish beh~vior..i.-..e: ..4a>,

1W", .-,'." -»' i il'.ere". rai-. water to t=rd<. ~o change in fish behavior

Time: 1A:43am. Added 1COO mls. of filtered rain water at 12: ~r. ar, '

mls o~ filtered rain water at ': ',nrem. no immediate change ir. fist', bohavior.

Teat oat 5500 als of tatdc water Replaoed 1000 aQ.e with filtered

rain rater, Thea 9s40aa L44ed 4500 als a 1000 at ~ tMe thr~cmt

the rest of the school day, Qbeervationss fish aype~ to be ~bothered

by water changes 'Ihey are also eating well

~ 10' Tock 7000 als of water fry the tank awk replaced. sll 7000 mls

with fiItered rain water, Observational Xo change in fiah behavior

Tiac 8 7's 15pae

~ 11' fish are doing very well» She seem not to notise the water ohsnges
AXso fed thea

+~1'~g Io data ~mac of weehm4



%or +1a Took 8�0 aXs og abator floe da t4Lnk Replaced it Ld.th 8500 ah<

of fi1tered rat:aLoLter at untisLe4 intemrale ibruLLghout the sohool ~a
~pov 1 ~ Vo Oooiaocl to saaa11O tas rater sverf saber Oep oo tao '4~ass

vill not affect the fish eo mucjh, QbeervatiaueL fish are doing vary mII+

'ILere are no c~ps in fiall b8bRtior ~ They also eat lAonever llew ~eed

gm~1a Tock 10~000 ale of eater Waa the tsuk Ray!aoo4 it with 10,000
mls of filtered rainwater throughout ~ echool dsy Io ~~ in fish
behavior a

Ncw 16< fish are do~ very ~ll.

~b'av 1 ~ ttsar 11,500 als of eater froa the taJtae,plsosa it 11,500 als

af fi1tered rainILater thrceghout the eobool dsy, AIao~ no olLenge in fish
bibatiara

R+If 18' Ro data beoause of weaken+

~pov 1 g Brcsieat sir frosasater tarries froa s svLtaretor poet sea pet

thea into the LyaariumLa B» SetterfXyfikh hhha4ka+Q etei.'te4vattaoldzg

them Ve took the yxppies out of the tenk alai put them into a Pe Mth

tanJarater to see if they veuld live in ita TiLeei 2L~

Rov 20> poppies ars alive eaa sell verve aorsa1ea so far ia brfratag

the ealin5.ty of the tanjcLrater doLsL enough far freatwater guppies to

survive ina She tank fish ore doing vary ~XI, Ve also tested the

ealizLity of 20 mls of the raizwater ve Inhere matug and the results oame

to M salts

$~1L ytpyies axe etiII alive sad mll, Tenk fish ere doing very veil

«rued it aypsare as though they have caught "f~t end "iak ~



fish are doing very weII+ Qne of the ~Li look» a bit ~scarred"

thcsqga+ ~ all appear to be beelthyI Ve threw ates the guppies although

they were still alive+

	~~21 It's 8m~gring Bey+ Ve did not cheok an the fish.

@~~+I Mo data

gi~+6i Obaervaticeai the fish me in good oanditicn They look as though

theg vQI survive even after the experiment is over ~ Ve took 14,000 mls of:

water from the aquarium «nA replaoed it with 14~000 mls of filtered rainwater

4000 ale at apyroxhiate+ ~5 min intervals, Mso before changing the

wateri Ve tocdc a water sample to be tested tcaerzcw, Times 2>00pm to

3>20ye

+~I fish are doing very well» Started testier the water using 20 mls

of tank w ter end a ch1cride test kit, Couldn't finish the test fax lack of

time

$~81 me menini is dead Cense. of death.is unlax' bat I suspect

malnutrition 5m rest appear to be okay No time to finish test ing the

water

Nor 2/1 Observationsi The rest of the fish appear to be doing alright

Today is the last dsy far the experiment,

RESULTS Ot REKMRCH

Ve were pleased with the results. Ve didn',t have enough time tc

oomplete the whole experiment. Ve did succede in Icwering the salinity af

the aquarium ~~ to permit guppies free a rair. water pond to survive in

Ne had no good way of testing the salin5.ty of the aquarium water. Na did try
using ~ chloride test kit but when we did use it, it toot too lang tc get

results so we never could finish testing the water because cf the short

length of a school dsyi



Of the six msnini, one aholehole snd one butterflyfish~ only one manini

died. Ve believe that the nsndni died ae a result of ~trition and not ae a

result of the experiment.

Lt no time during the ezperimmt did the fish get sick~ go into oon-

vulsicns or any ezatio behavior. They always appeared to be happy snd we

never nctioed any behavior dmLnge thruudgout the experiment. Onoe in a

while they would chase each other around the aquarium but it is not known

if it wss in play or whether they were fighting,

DISCUSSXOS OF RHiVLJZS

Ve didn't have enough time to completely transform the fish to living

on pure freshwater. We did sucoede though in bringing the salinity of the

squarj,um water low enough to allow guppies from a freshwater pond, to survive,

We plan to keep on c~~ the water until the fish are able to survive

in a pure freshwater aquarium or until the die, We do nct know if the ms3:~

will be able to produce offspring> although they should be able to.

We think our wsy of taking from the aquarium and replacing it with pure

freshwater wiH, work with slmcet sny fish. But we recceenend that smaller

secants be changed at a time We hsd to use large amounts because of the

lack of time.

COlCMSIOHS LED HEC0%'IBGATEOHS

Our experiment was to see if a saltwater fish could W changed to a

freshwater fish for future aqua culture experiences, Our experiment is not

perfect nor exactly scientific but it osn serve as a base fcr future

experiments. We have a theory that if our experiment is perfected~ a new

species of freshwater fish could be made fry~ the Mac~. This new epecles

could be farmed snd provide a valuable source of food We intended our

experiment to serve as a base for our theory snd we hope to someday see

that theory become true.
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A UACULTURE: THE NNY ASPECTS OF THE FRESHWATER PRAMN INDUSTRY
by Lawrence 8. Sims, Pahoa H]gh School

ATTRACT

Aquaculture is a vast and proving area. Thus becoming

Havaii's main area of study. At this time the 6'esh vater

Pravn industry hss grova imenseiy frow !ust an experimentai

and research pro feet to a ftaUg p"oducing fresh vater Pravn

ind.ustry .



IITRODVCTIOI

This is vhat I have vritten on this paper in hope that

my idea can be the stepping stone for those planning to go

into the Prawn Buisiness. Also in hope that this rcport

vill give the individual the basic concept as veil as vega»

to go about starting a Pravn farm.

RRTHODS OF RESEARCH

+ methods of research begins vith reading the

Honolulu Advertiser and picking out selected articles

out oi' it. Then reading amterial from past symposium

papers and books. Also selected sections out of the

1976 edition- Aquaculture in Havaii. I have also spoken

to sg fellow peers and teachers vho either have stu4ycd

the sub!cot.

IESIII,TB QF RESEARCH

Manv scientists and biologists have taken into

much concederation of rasing the fresh vatcr Pravns  Mac-

robracbium-Rosenbergii!. But none have taken mor ~ time and

much research than Dr.Shao-venling, the first scientist to

control the life cycle of the ~agsirm Pravn.! Dr.Bhao-

venling is also knovn as the father of the emerging fresh

vater Pravn industry.

NQIKETING

There are suuqr aspects one must consider before

thinking of raising the Pravns to market eixc.
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First of all the Mnlaysiar. Prawn is a tropical animal
that requires wana climate and tempeture.

Second,You vill need good aquaculture land or ponds.

for example, If you vanted to onvert marsh land into ar: area

to raise the Prawns. One vould be confronted vith various

problems. Some of these rrobIems would be the enviromental

impact statement and more than likely the conservationalists

vould complain also .

Third,ln order to ataz't your farm you vill need the Juvenile

Prawns.So one must conseder if they are to buy from another

fans or begin a hatchery of they' re own.

fourth, t' he basic key of all industrys is good management. Many
problems a prawn farmer faces are virtually the same as one would face in
basicaIIy any other area of aquaculture.

Fifth, the best size for marketing the prawn is between six to
eight count to a pound-heads on.

MCATIONS

There are many possibilities of locations for raising the fresh
water Prawns. One of these is the catfish farms, abandoned airstrips,
and basically any area where the farm is away from the major pollution
and any other influencing factors. The best area of warm climate seems
to be Central America and Puerto Rico. This is due to the weather
staying the same thoughout the year. Were as Hawaii varies during the
winter months. Raishing prawns in areas like South Carolina by careful
observation and by harvesting one season crops,

HANDLING THE PRAWNS

The obsticals in handling the product are not that large of a

barrier, but merely just an understanding of what is envolved. The
pravn has a very active enzyme system. In order to prevent spoilage

it has to be stabilized very quickly after harvesting the prawns.
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AQAUACULTURE MANS

Chapter 219 of the Hawaii revised statutes provides for the

establishment of an Aquaculture Revolving Loan Program. Originally

Seyate baal 38 'later.to be eh~gad to ACT181 of the 1971 Hawaii Legis-

lature, which states: There is a special fund from which money shall

be loaned by the Department of Agriculture under this charter. The
program was adopted April 21, 1972. The faze loan division of the dept.

of Agriculture was designated as the administrator. The Aquaculture

Revolving Loan Program is restricted by the definition of Aquaculture in

section 219, part two. Aquaculture is defined- as: the production of

aquatic plants and animal life for food and fiber within the real pro-

perty taxes ara assesed and are paid by the owner or prc4ucer. The

loans can be made to any qualified Aquaculturist «ho is as defined as

a person or association of pezsons, actively engaged in aquaculture

farming, aquaculture product developement activities. Persons with

provanaquaculture expertise, or otherwise wokk in the enterprise, may
qualify under this definition.

CONC LLSI Qi

I have choosen this area of study of aquaculture because I feeL
that it is a very promising area of reasearch and production. The
real reason why I chose this area of study is because I like to eat

prawns but the price is sort of high. So by my efforts maybe more
fazms will come about, causing the prices to lower,  dug to the abun-

dance of the prawns!.
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UPGRADIH6 THE SEA WLTER DELIVERY SYSTEM
AT MA IKIKI AgUARIlN

by John Y. Hong, Heanalua High School

The Vaikiki JLquariun displays uany different aquatic organisms.

The I!ority require a aarine enviromoent in order to survive. The

~ uccessful aaintenance of uarine organisms requires a sea water aediua

of the highest possible quality. The sea water at the waikiki Aquarius

does not lend itself to such a description; it is of marginally acceptable

sty. Three mthods are proposed to improve the water quality, specifi-

cally, to increase 0> and pm levels and to decrease CO levels:

l. Sending the 0 tower discharge vater directly to the display tanks

as opposed to the present systea which nixes treated water with

untreated water.

2. Installing water-air uixing devices which utilize the venturi

effect.

3. Spraying sea water into the display tanks to prate further

surface gas exchange.
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IZKlLOI!UCT I %

?he Waikiki hquari~ ia an institutiou devoted to proaoting an increased

,avarsnass and understanding of th ~ tremendously vast and ~lex ocean which

~ urromds us. It is a part of the University of Hawaii and has been at its

present site since 19S4. kt the Waikiki kquariun, the people of Bewail as

well as visitors froa other lands, can observe mny colorful and clique

aquam organism. Invariab!y, the coaae denoainator for a healthy and

happy existence is wetar of the higheat possible quality. Unfortunately,

the sea water at tha Aquariua couM only be considered marginally acceptable.

The situation is not without solution, however. The baaework for resolving

this problea vill be presented in this paper.

PRESENT WhTKR COHDITIONS

The Waikiki hquariun utiliaes the open systea. Fresh sea water constantly

flows thxough mst of the display tanks. This reduces the possibility of

sudden pollut'on and increases the carrying capacity as compared to a closed

systcR

The aea vater at the +uarim is first drawn into a 80 foot deep well.

In order to reach the wall, the aea water mst pass through a calci~

carbonate strata which filters the sea water. Normal ses water has a pN of

approximately 8.3 and an 02 concentration of at least 4 ppe. The «all water
haa a pH of 7.6 and an 02 level of .2S - .SO ppa. The sea water flows froa
the well to the sunp. When it arrives, it has an increased 0 level of 3.5 ppn

and a pK of 7.6. Sea vatar is then p~ froa tha auep to the 02 tower, the

display tanks, and the seal pool. The two display tanks used to monitor water

conditions indoor are tank 3S - 36 and tank 13. Tank 35 - 36 is a double tank

and the first tank on the line, tank 13 im one of the last. Tank 3S - 36 had
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The Waikiki Aquarius Sea Water System
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a pE of 7. 6 and an 0> level of S.O ppms. Tank 13 had a pH of 7. 6 and sn 02

level of 6.0 ppa.

Pipe

Diairam of 0> Tower

The 0> tower ie aimply ~ mesne to increase tha 0> concentration of the

aea rater used at the hquariua. Sea water ie puisped to the top of the tower,

e]ected through a spray bar, guided over three agitation plates, intr a

retention chaaher, over ~ retaining wa11 and out a diacharge pipe back into

the eumsp. Unfortunately, returning this treated sea mater to the sump

c~raaieee the quality of the eea water delivered to the display tanks.
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Oxygen  probe!

Date Date RaadinArea

pH  hach kit!

ReadinDate Area

6/18/77

6 18 77

pH ~ 8.3 C02 5 ppm0 7 ppm

MATER CHEHXSTRY DATA

Area Readin

3/21/77 Veil .25 � .5 ppm

3/21/77 Svay 3. 5 ppm

3/21/77 Tank 35-36 5. 0 cpm

3 21 77 Tank 13 6.0

Date Area Readin

3/21/77 Mell 7.6

3/21/77 SGmp 7.6

6/18/77 Tank 35-36 7.5-7.8

6/18/77 Tank 13 7.5-7.8

Desired Conditions

Oxygen  hach kit!

Il/19/78 Tank 35-36 5.8 ppm

~ll 19/78 Tank 13 6."I

Carbon dioxide  hach kit!

Tank 35-36 20 ppm

Tank 13 20 m



Zn l977, the Rater Resources Research Center analysed the Maikiki

Aquarium's water supply. At that tism, the 02 tower was operating at s lower
level of efficiency. The flow rate was approximately 70 gallons per minute

and the spray bar had not yet been installed. The increased 0 levels

amasured on ll/19/78 are the result of the installation of the spray bar

aad an increase in the flow rate to 225 gallons per minute. Unfortunately,

the new CO and pH levels have not been measured due to non-availability of2

test equipmeat. However, the water quaLity is still below par. The two new

0 levels in tank 35-36 and tank 13 are 5.8 ppm and 6.2 ppm, respectively.

This falls short of the desired concentration of 7.0 ppm by more thea .8 ppm.
The proper testing equipment is due to arrive in mid-December. At that

ties, all areas previously tested will be zetested aad a11 other required
teat data acquired,

PROPOSED Ã!DIFZCATIONS

There are three possible methods by which to improve water quality.

They could be used in combination or alone. The most efficient combinatioa
will have to be determined.

l. Eliminate mLxiag of 0 tower discharge water with sump water. The

sea water leaving the 0 tower mey meet or exceed the conditions desired.

Either another pump will have to be instal1.ed or the entire 02 tower could
be moved to the roof of the Aquarium snd the discharge water fed to the
tanks below.

2. Installation of spray bare over each tank which will efect water

into the tanks under pressure. This will agitate the surface snd increase

the available surface area for gas exchange snd result in increased 0 aad
2

pH levels and a lower C02 level.
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3. Zastallation of mater air mixing devices ln the s~ which ~iili==

the venturi effect. The venturi inspirator is capable of producing an

extremely high concentration of dissolved 0>. Mater flowing through the

inapirator draws in air through the quarter-inch opening. Air and water are

aLxed together and sprayed out.

Air Inlet

Cross Section of Venturi Zaspirator
 Pull Sise!

Due to budgetary and time restrictions, the actual installation and

testing will be done during December 16 � 31 and the results will be

presented at the Merine Affairs Symposium on January 11, 1919.

1 See Mbliography
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AUTO RKPAJRS; SORRY, HO CAi5
by Xevfn D. Snfder, Pahoa Hfgh School

Your probably madering shat an auto tepair article

. ia doing ia tbia book uell tbe "Auto' eteade for eutoaated.

This paper ia mitten eo Cbet Mybe through my idee

tbere could be a macy caving device> eo ee not to drau nore

aoney thea Chat uhicb cen be given to eeriue ecience related

project ~ .

Tbie paper is e diecueetou of 'Auto', a reaete control

under ueter In%uk sub, uhich I have deeigned, end ite beeic

afeeioae rill conelet of rw~ire under the ocean.



Nosey is the prima factor for big profects such as

Manganese nodule mining. Ta make up for such big coats,

the miners have to mine a certain amount of manganese

nodulea each time they go out, and if something goes «rong

bein« the surface, they have to atop the «hole operation and

haul the mining equipment up to «here they can service it,

It takes a long time t'o raise the equipment up from depths

of l5,000 feet, and could cost the production valuable

time. My Auto, ia designed to go do«n and repair, if

possible, the damage saveing time and soney.

METHODS CF RECKARCH

My methods of research are fe« but the sources are good. Ths

first thing that I did after I made my topic AUTO REPAIR, «aa to

design a kiki sub that «ould acomplish the task of Auto. The

next thing I did waa to read a booklet put out by the American

Mining Congress, and look in the sncyclopidia for difierent types

of radio .control systems and hydraulics that can be used for under

eater. Mostly this paper ia application of my ideas on Auto.

With these combined efforts, I have came up «ith this paper.,

RESULTS OF RESEARCH

First I «ill try to explain «hat my Auto does, and does not do.
Auto can go dern to great depths snd still operate, because of ths
high pressure housing, and the long rage radio equipment onboard.
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kuto can not go for long times of over 5 hours under «mter, because

ahe runs on batteriea, and these run do«n and can only be charged

for ~ eaxljmaI of 5 hours becaua» of the Limited apace, kuto caa

go do«n just for eampliag IIengaaeae aodulea, or for a Loot to see

«hich «ay the harvestor should go. kuto can not, or I ahould say

ahould not go do«n again once it comes up, because of the ballast,

The ballast should be Loaded every time the kuto cornea up to help the

~ Lectric store get kato to the Bottom. kuto can be stored «eeily be-

camae of ita small aiae, meaeuring only 5.5 ft Long, by,'.3.5 ft. Wde

by 2.5 ft high, end light enough for t«o mn to carry. kuto can see

by the uae of 4 radio control cameras, so the operatore can eee «hat

ia going on do«n ader.

On the next page ia a fe«dra«iaga eho«iag the «orkings ot Auto,

and vie«m of various parte.

The foLLo«iag ia a Liat to help you under stand the dra«iage.

Descri tion of ItemLetter of Item

129

P Receiver, for Radio control equipment, runs on batteries
X Engine, runs on batteries, 5 hp. sl, and x2, 3 hp each, runs

on batteries
X Batteries, 12 volt, rechargeable
0 Radio Control Equipment, operates all other equipment, runs

on batteries
A Arm hydrollics, 3 ft long fully ex., 1.5 ft long taken in
C Camera equipment, runs on batteries, radio controlled, 4

cameras
CI' Camera transmiter, runs on batteries, transmits radio signals

to operators
MC Mire cage, for samples of manganese, or for broken parts'
B Ballast batch motor, runs on batteries, radio contr lied,

helps with ascent and descent
L Lights, runs on batteries, each camera is equipt with one,

radio controlled
R Rudder, runs on batteries, radio controled'**

~ Ballast is lead shot, and should be replaced after every use
~ Mire cage can carry broken parts, if they are able to come off s~ the whole

harvestor will not have to be brought up. Or it can briag dive tanks dawn
to divers

~~~Rudder only stears up and down motions, for right and Left movement the
engines I aad 2 are turned higher or lo~er



V <i 0 A '
!

l

14
e

O '0

& Cl



Since the early 1960 a, comercial mining intreata in the thiced

Statea and in other countriea have made largo inveatmenta to identify,

«xplore and develop manganeae nodule mine aitea in the deep ocean. U.S.

induatry haa inveated over 41SO million in thia effort to date.,

Raaearch and eaploration have determined that many billiona of toua

of manganeae nodulea are available for deep ocean mining recovery.

Xatimatea of mre than 3' praise mine aitea offer an opportunity for

development and mdule teetery.

Thia meana that big aamnta of money haa to be apent, and every

dol1ar haa to be apent «iaely.

lfy kuCo, which I deaigned and developed, ia an anawer to the problea. >

Xf ~ra part of the problem, not all, but «Lth the riaing coata of

mining every part halva.

Ny kuto doea not coat alot to produce, and it meld aave valuable

time and aoney.

Mith the kuto the mtnera can fthm the harveator in leaa time than

origanly took, and maybe my idea haa other uaea Coo. Such aa dtver

raaeue and recover operationa. Recovery of loat ob]ecca of the

navy or independant reaearch organiaaciona.

It could poaaibly be mdified to clean the bottom of ahipa, aaveing

time and making iC eaayer ou big ahipa, al1o«ing them to be cleaned 4n

Cbe water-

My Idea waa thought up by me, I did not look in a book for the Idee

of kuto, I even deaigned it before I reaearched, ao «hen I did find mre

about kuto, I had to redeaign it a~what. I feel that if mre people

invent "worh houraea', lite kuto, mana !oba and life meld be 1eae compli ..

ca'tedq and eaayer in Che long rune



l. ~can .ning Congreaa The Cage Por Deep Ocean Hhaiag,ll00 Ring
Soilding Waahington, D.C. 20036

2. The Encyclopalia Americana Xnteraational ~ 8., Ier Tork Americana
Corp 1978 t23
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UNERIQTKR HABITATS;
PROBLB6, gUESTIOI6, AN AI6MKRS

by M111fam L. Krvnpelman II, Kubasaki High School

I FDtQOUCTIW

To give new ideas on the subject of ocean engineering i the

purpose of this pape~. The ocean engineering that I am concerned

with in this paper is in the field of underw;,ter habitats. A.

underwater habitat is a house underwater where man learns more

about himself and the creatures around him. In this paper I will

discuss problems and answers on such projects in ocean research.

With mans growing population he will be seeking pleasure,

work, and shelter within the sea, This payer is about a way In which

man can seek shelter and study the ocean within its own environmenW

The knowledge taken from such a pro j ect would give man a chance ta

be tter his understand ig of his surrounds on the mother earth.
There is no reason why men should not start now to build a

permanent underwate~ housing unit or a laboratory for scientific

studies.
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This floorplan layout is an example of things that may be used

in the actual habitat. Rooms may be changed to fulf'ill the needs

of the user. Blocking a room would have great advantages, be=ause

it would help in case of a ~ater leak in the structure. Also it

would provide safe movement in all other rorms, Computer s and a

T.V. monitoring system would set off' an alarm if a structural

break should oc"ur. ~he breakage would be collected on sensors

throughout the habitat, Thick g] ass windows would be installed

for better observation in the habitat. A small special tank that

is built in to the superstructure of' the hatitat will provide clo"e

observation on different experiments. It would be connected to the

outside seawater.
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In my analysis of the ways of' constructing a habitat, I nctice9

that most habitats only stay down for short periods of time ',2 or 3

months!. In my investigation I am trying to find ways of habi tats

and peaple staying down permanently and without problems, Corrosion

is one factor in which we have to place emysis on when staying

down long periods of time, Costs of building such habitats;..ust also

be invckred while trying to find a cheape" and safer way of experiment-

ation. The keeoing utt with and securing the habitat will cost money,

Cons true ti on and br ing ing the habi ta t

to its site is a big problem. Trying to keep

it self-sustained is another problem. The

Cost of building one iarge cy]ender ann its

base would run at about 4700,000 per duplex.

For a 3-story, 24 man habitat, it would run

to about p1.8 mil 'ion. 1 t would oe a cos tly

experiment but if it works, all  he information

gathered by the experts in the habitat, may be very u"eful. "I f man

could learn to master the depths of the sea, he could possibly be a

assured of a large measure of go",.d health, an unlimited food supply,

climate cgrol and a eigantic quantity of e inerale and metal. 1
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t her words theh money spent on such a large project would more than

likely come back by research finding and. experiments,

The ideal site fcz such a habitat ~~

a.. 1 have designed would be in the Gul

of California. The Gulf of California

has a sandy bottom with a rockbed

underneath. This would be idea' for my

design o f anchoring the habi tat down

 Diagram 5',, Depth is also a limiting

factor in my design, Anywhere form ses

level to 180 feet of water is where the

habitat may be set. A 20 feet safety

margin must be made to make sure the

structure c n withstand the pressure.

The Gulp of California is an ideal spot because thecause ezL are not enough

factors such as currents, storms ect tec . o oppose the construction and

every day living on the habitat. Alternate sitma e s es can be made in the

Gulf of Mexico, in the Bahamas, e-d in the Ea t Chi Se as h na Sea, Some area-

in the ~ South PaCifiC are gOod because of the warm wator~ ind

sandy areas.

Construction of my design of a habitat t ba mus e on land, where

all the fine articles can be installed i the w no problems The habitat

would haYe to be towed out to the site or brought tou on a special

ships Then it w] 11 >e transported d wn t tho o e lacation on which i t

.will sit. Diagram 6 shows one method in which the habitat may be low-

ered. This type nf lowering svstem is zl t likmos e an "'evator ~ Also

m;; system of cons rruc".ion the single habit ta s can - stacked and

scattered throughout the sea bottom all connected to each other.
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Diaram '741 show. how this may be dane and how they would be connected,

This method would make it possible to be like Wunderwater ocean city.

This system could be a mil4stone to many such construction works and

laboratory systems, The structure would have to be built to withstand

obstlckgs for many years to come. It would have ta be built as a thingto last permanently. ug e
+Q w4 zh

Pl ~ WWLC a <

bp s4 ~h
a~.

Here are five different energy sources to supply the hat'tat.

dattery packs can be used on the habitat and can be recharged after

short periods of time. This would be a costly manggver and would

hamper the everyday living by haling to be changed in short perioos of

time.

Solar energy could be used in great extents in the hab tat if

it were located in .. ~ja, California. This is because it is near

the equator, where most of the sun hits. 'i'he sandy peninsula of Ba ja

would be an ideal location for putting up a solar energy paneling

center for producinp electr'city for the habitat, This would be

COStly at first but then wauld be refunded back bV the progres in

the habitat, This method would more than likely be a great suehss.
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Geothermal energy can be also used on land and in underwater

faults. Geothermal energy is getting energy from the earrns 'a»Its,

hot water springs, and other things having to do with unde-pro»nd

heat. also underground springs and currents can be used by going

through a turbine engine w> ich produces the energy. Wind energy can

be used above the habitat, rotating a turbine, which in turn turns

'.he turbine producing the energy. This and the others would have

to be built in a way so that they will not effect the environment's

way of life in a harmf»l way,
I

A nuclear energy reactor can be used for an indefi~te time if

i t 4s very expensive, well cared for, and is made to do the job.

It would be very expensive at first, but it would not have to b.

changed after periods of time. The only problem would be that if

a break in the reactor may occur., the radi =tie» would spzad rc ~,"bout

the habitat killing the inhabitants. So precautions must be administered

in order H keep the habitat safe. A nuclear reactor is used

todays submarines and are %cry sucessful. It would be very costly
but the labor cost, running cost, and parts cost can be deducted in

the end and wovld end up being a profitable b»y.

A! For a structure that is not thick enough to hold the

pressures at a certain depth.

If the structure is not thick erough to hold the pres -ures cf

deep deaths, then he air pressure inside would have to be the same

as outside in order to keep the habitat from caving in. The air

would have to be a Helium, Nitrogen, Oxygen ~~j. The peeple in the

habitat could only talk l'ke Donald Duck. So these long experimentation

pro!ects co;ld phvsiologicaI'.,'; have p. oblems in the popple ' ~i.-.d ..
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The habitat could only go down so far because if the pressure inside
is the same as outside, the pressure may kill. The habitat can have air
admini stered three wavs, air cables from land, a snorkel me thod, or by a
cascade system. The cables would have to be highly pres. ur ized at all

times in order 40 keep the flow from land to the habitat going. But a
minor few meters on a gauge can mean a life and death si tuation. The
snorkle method can be used with a compress r in the habitat to suck

the air into the habitat from the surface and distr'bute it throughout
the rooms. Highly usable except in rough seas, this method would have

to have a backup system. The cascade system can be used as a backup
+

for the snorkle or for the main use on the habitat. The cascade system
is a system in which bottles of compressed air are used to let out air
im the ~bitat, Almost like the use of a scuba tank. The pressure i,n
the habitat must be the same as outside, so a computer base in .he

contro1 room has a detector to tell if there is a change in pressure.
A buzzer would go off alarming the inhabitants that they are in an

emergency situation, The pressure inside wild. keep the water out of

the bottom hatch if it was opened down underwater.

B! For structure that enough to withhold pressure at a maximam o
of 200 feet'

If the structure of the habitat is thick enough to withhold the

pressure of 200 feet and less, then the air inside would only have to

be the same as sea level �4.7! ~ My structure of A212 grade 8 steel
~ 375 inch thick would b e just sui table for 200 fee t and les.   5 arne
construction of submersable STAR I! ~ The snorkle system -i '.h a cascade
backup system would be just right for the assize of a structure.

I
lOnce divers go down more than 33 feet they start collecting Nitrogen

in the skin cells. This process after a period of time is cal Ie-.
saturation. When a diver become.. so ~urated, he must decomlpre s



in order to let the excess nitrogen out of the skin. If a diver

comes up too fast under a saturated condition, the nitrogen daes not

have time to get out so it collects in ];ints causing the diver to

get "bent". To keep this fram happening we have a Cachalot diving

system which consists of a decompressian cylinder cn a support ship

and a smaller transfer vessel to bring the people from the Qbitat

to the deco~pression cylander. Peaple living 200 feet down must

decompress about one full day in order to be safe, Once the people

are saturated they may stay dcwn pe~lnapily as long as they do not

come to the surface of the ocean.

hir can be pro444ed from a cable system from land, a snarkle from the

surface or a cascade system in the habitat. For the snorkle method a

aiz conditioning system can bc used. In the grids of the air condition-

ing ducts, could be a substance that will break up CO2. This is done

in same submarines to help the air situation. Fans can be used in the

habitat if the pres.".ure inside is the same as outside, and a 70 degree

F temperature wauld be most suitable in both different types of habitat
J~C

structure, The air campound in the habitat, which has thegpres ure inside

as outside, would be made up of Helium, Nitrogen, an3 Oxygen.

Corrosion can be a damaging thing underwater to a perman444

StruCture fOr uSe every day. BeCauSe Of thiS I triyd tO find other

ways of trying to defend our structure. In the second elevation on

page 2  Diagram 3! the outside caating is plastic or plexiglass with

a «ire mesh for reinforcing the plastic. The battom is made of concrete.

for extra pratection. Concrete Plastic, and Plexiglass daes not corrode

but may collt.ct few barnigles. Thes" would not harm the everyday

living of the habitat. Qn my drawing  Diagram 3! the pres.=ure inside
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would have to be the same as outside making, the. iahabitants breath
Helium, Nitrogen> and Oxygen compounds and talk like, Danald Duck.

Another wav to stop corrosion is to put zino plates on your metal
structure to help keep away corrcsive items. This is used an any
submarine, Nuclear or Kesfel. An elevation is on page 2  Diagram 2!
showing the structure with its zinc plates.

Safety is always a factor in all things that go underwater and
my habitat is not an exception. Rooms may be blocked in case of a break
in the stxucture of the habitat. This would px'ovide safe passage
through othex' compartments, If the super structure is fiberglass or
plastic then the pressure inside would have to be the same irside as
outside, only if the habitat structure was thick enough to uphold the
pres. u~es from the out..ide seawater, In case of a pressure change the
diving room can be air locked or watex' pushed in to provide acess to

zhdivers ~ This can be done 'like on Jacques Cousteau's Gonshelf which
the pressure is the same inside as outside, leaving easy acess hhr ough
the bottom hatchway of the habitat. A submarine uses a flooding system
which allows the divers to have full gear on and go into the diving room.
In the room, when the divers ax.e in full uniform, the outside seawater
is let in and when it is all the way full the divers can open the
hatch and get out.

h decompres=ion chambex' is inside the diving room on the habitat.
It can be used in the case of a emergency. For close linkup with the
land base and the habitat, a T.Y. monitoring system, a phone hookup,
and a set of electronic coders amused in case something might happen.
Doctors and technicans can stop by every 2 to3 months when the supply
ship comes. This is the time when the inhabitants of the hat itat are
analyzed. If the supply ship does not come on time then, there would
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be stored in the hahitst enough extras to last at ]east up to 10 days.

One sub is provided for the use in case of an emergency.

extra food and water will be provided in case of' an emergency should

occur. A supply ship comes by every two to three months with supplies
for the habitat, If a storm or rough seas should be encountered by

the supply ship, then this extra supplv will be used. Also provided
is a su/rind for transpcr t and supplies in case a need should arise
and someone from the habitat would have to go to the land base.

No smoking or cooking can be permitted in the habitat if the

structure is made so that the pressure inside is the same as the outside,

This is because the fumes will mix with the pressurized air and make

it poisonous to all the inhabitants. Fire gear is provided in the

habitat in case of a fire breakout cf an electrical circuit or by just
common accident. The fumes from a fire could become fatal in a

underwater habitat while under pressure and pressutized air�

A shark cage is built in tc the opening on the bottom of the habitat,

It is used f' or protection against predators'

In the structure in which the air pressure is the same as the

outside pressure, no gas or smoke may be made inside because it ~ould
mix with the Helium, Nitrogen, and Oxygen compound and if you had
enough af it, it should be poisonous. Therefore no cooking, smoking,
or other things doing with s~~oke or fumes caquet be used in this

habitat. In this case all the food must be precooked or concentrated.
If you would like your food warmed you may do so if you use an infer-

red heater to warm it up ..ot cook it!, Raw fish gathered by the

habitat may be eaten with extreme cautior, because they may be effected

by the activities around the habitat or they may 0e the poisonous kind.
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Trash and sewage will be stored in a large container on the bottom or the

habitat, After long periods of time they will be removed by a supply

ship and replaced with a new one. Since they will be using precooked
or concentrated foods, there would not be much trash and thus be the

minimum.

ff the structure permitts 14.7 psi inside the habitat or sea level

pressure, then you could smoke, cook ect. This would be worked like

an ordinary submarine today, Hot water would be made by a haater and
a freshwater supply will be brought by underwater cables to the habitat.
kn aquaculture farm outside the habitat would help provide both meat

and plant foods to the inhabitants of the haoitat.

All costs to the making of my plan of a habitat could be

refunded by the work in the hab$tats field and laboratory results'
Wis would help bring min]ng, aquaculture, and professions closer
to the environment and thus making new pr ogress in fields of science.

"Zn the not too distant future there will be m~re jobs available

for undersea workers- mapmakers, engineers, aoologists, biol ogi s ts,
underwater farmers, salvage workers, divers, miners, mineralogists, and

a host of others for persons skilled in oceanography."~
" ~ith the crowding generated by our population e'gplosion, it is

likely that, in the near future, peyple may seek more and more of
their recreation in the sea, There is no re ~son at the present why

g&nt. dome-shaped resorts should not be submerged on the white sands
of Bermuda, providing fantastic vistas of the sea life all around,

offering easy acess to the sea by a diver."~
I say that my plan and my site in the Gulf of California would

be ideal for this information in the above paragraph. Thfs could be
mans reentry to the sea where he first came out millions of years ago,
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FOOTNOTES

~Milton R. Nachlin, Our Future Under The Sea, 1968, Eirk 4 Co ~ F
inc., page 6.

2Same as above page 1,4.
3Same ss above page l4.
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THE OCEAk: A kOURlSHNENT FOR MAN
hy Patr!cia T. Fernandez, Sacred Hearts Academy

ABSTRACT

thi ocean M a +cb na~ etorehyooe for ma. Ran hae loakai to the
I

tMNge Zt hae been difficult for man to obtain the harveste, fcr ~ ob-
etaclee 11e in hie ~, Today there are saw equi~to and techrdquee to

4h4w obH~ee, le@eral oar teclmiquee end deeicee ~ be jnan-
ticned to C+t rgariehaent of the ~ mne eftieier4Ig, bet eo that there
ie a enate balance of the e~e in the ocean to avoid exMnctLcn
12cta ie ~t ~ yroJect ie abcat

Precefiag page blank
147



The ocean ie a rich natural storehouse for san. It is caly in sedezn tines
that there has been record,ties of the vastnees act the variety of richneee, Ran
ooLM fiend a exalt in the ocean uith everything be neehs to saintain living 1n
~amble cosfort if sll the zeoeae~ m the lawk «ere to vanish asay.

Nag has Iacke4 to the ocean for ncurishsest, «m~, aaiicine, iadustriali-
satics, and. ssny other things. The ocean still bas sesy aa~ to reveal. ink
because cf this, it bas been 4iffl.cult for san to obtain the harvests, for seny
obstacles Iie in bis say, Toison theze are neu ~uiyaeate and M~+ues to over-
cose these olebLclee.

Ssvezal neo tock~use aeR aces rouM be auctioned in the nourisbsent of
the ocean in ebich san can still get a great aeount of food fedos the ocean sore
anciently, but so that there is a reasonable balance of the speciee in the
oceen to avoid extinctim. This is ~t sy pro~ sill be about.



The Ocean> A Nourishment For Nan

The ocean has '.'m potential to enrich man in many different ways. The

sea's ability to nourish him i ~ ~ more immediate bearing on his mll-being.

The rapid gro«th of the population has created an increasing demand for more

fooi that land resources cannot meet, If new ~ of food production are noi

found, then worldwide starvation»ould draw near. A former director of the

United Nations Food and Agriculture O~nisation has estimated that before the

middle of the next oentury the amount wf food quired to feed the world's ex-

ploding population will be eight times greater than it is today. And at the

sass time land resources are falling farther and farther behind in the i~ to

keep up with needs, more land will be taken test of cultivation to provide homes

and factories for the great amount of people."

Better use of available land resuorces would help, but there is a limit to

the production of the land. It is not a final solution to our future pxoblem.

All around us is the answer - the ocean.

Tejy great exphasis is placed. on the scientific methods in the problem of

oirtatrdng fooi fzoa the sea. Marine biologists are putting to use the tech-

niques and devices of oceanography to uncover a De» level of efficiercy 1n com-

sercial fishing. "Why do some fishing vessels return «1th half-empty holds'

have the fish aigratea to another area? If so, »hy and»here ais they go? What

caused them to leave thei usual haunts and ~t attracted them to their oe« lo-

cations? How do salinity, temperature, and other oceanic variables affect fish?

Do the various species possess any specks ch~Mristics that would enable them

to be harvested sore readily by one method than by another? Are there ways to 1n

~~are that sore fish eggs will hatch and survive to grow into mature animals?

Are there certain times when particular species or particular areas shm:M .;v'.

Vernon Praiser, The World Ocean, p.i39.

Pobert "ilier, The Sea, p. Q2

149



be fished in order to protect and enhance future harvests?" The answer to
these and other basic questions that aarine biologists aak and try to answer
wl11 drive forward coaaezlcal fishing, which has always been a back«ard lrdus-

The influence of acd.ence ia alzeady aajcing itself felt among fishermen.
Even though marine biologists have ce'y little infoxmation to work ad.th so far,
they are achiovlng a high degree of precision ln predicting the tiaes and the
places wheze certain spooiee of fish will appeaz', and often a full year ln ad-
vance. As a result of their achievement, flsheraen in New England «atggrs have
learned to plan their operations around the forecasts issued by the U. S. Bu-
reau of Coaaeroia1 Fisherlea. lthen oceanogzaphers have gained ail the «azine
aniaaI information they are looking fox, long-range fish forecasting services
~ xe bound to become more widespread and more accurate ~

SeaMea telling fleheraen where to harvest the seas, aarine specitlists are
are showing thea ways to fish more effectively. Almost all fishing boats to-
day,even the more modest ones, are equipped «ith sorus to find deep, large

3.amount of fish by echo sounding. "Shrimp trawls -great aledlike traps that
aze d~i a1ong the bottoa-are now provided with electzodea that shoddy the

shrimp, causing thea to emerge from the burrows into ~ch they crawl during the
daye thus ahzimping has become an around-the-clock operation 4ereas 1t cece
took place only at night." Soviet fishermen lover light sources into the sea to
asses senses of ftsh to ooso together far easy oaiohing, hnostng that light at-
tzswM fish, Vhile Aaexican fisheraen fish in independent single-ship opera-
tions, many foreign fishermen operate in fleets that include supply ships and
frisking factifties to preserve their catches. This type of operation enables
thea to stay at sea for an extended period and to bring ln great amounts of fish.
3
Pziaer. p. 141.
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One of the newer techniques making an important contribution to larger
catches is purse seining, Xn this method, as soon as a large group of fish is
located, the fishing vessels puts small boats over the side to encircle them
with the seine which is an enormously long, tide stretch of netting. Vhen
the small boats have completed their' huge circuit of the concentration, pay-
ing out the seine en route, they have fenced off the fish behind the netting,
theta@ ef ~ch is aqgerted at the surface by buoyant floats and the bottom
of ~ch is open. Along the bottom of the seine are metal rings through which
a cable is thrsssded. How the fishing vessel begins to reel in the cable on its
poesr &ches. As the cable im taken up it closes off the bottom of the «cine,
creating a giant "purse" alive with thrashing f'tsh. So many fishes do these
Iexaee scoop up that a number of vessels employ a kind af vacuum cleaner" -a

larg~amet~r suction hose to inhale them into the hold of the ship."
'Ihe ~ere are the best equipped and the most sec~ed of all the har--

vesters of the sea. Mhaling ex1wsditions are highly organised undeztallnge cen-
tures around factory ships supported by an arsuada of catchers, tankers, and re-
frigerator ahips. The catchers -small, fast vessels directed by helicopter
mpotters and armed with canncm that fire explosive-tipped harpoonm, are ciL~se
in fo the kill. The factory ship then takes the catch from the catchers. The
catchers then steam off another whale. Meanwhile, the factory ship crew lifts
the ~e up on the rump and star's it through an assembly line Q~t efficiently
reduces that great enormous carcass into meat, into blubber that is rendered in-
to oil, and into aD of its other usefhu. resources.

Increasing the fish catch is very harmful. Zt must be done with reasonable
amount needed in order to preserve reasonable balance among the fish population.
If nots then there is real danger of some species becoming extinct. Ruthless
hunting of ~es has brought them to almost depletion so that inteznational

Primer, p. 1'ki.
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agzeeaent had to .be reached to regulate whale catching, '%ere azs two opposing

elements in putting an influence over the aatter of harvesting the Wwntiful

sea. One is the pressing need of a mr% hsagry for protein that is contatnsd

in fishes. There ia also the need to prevent the sore species from coming ex-

tinct, There are several means of overcoming the apparent contradiction between
these two influences.

One answer is to alter public eating preferences. to increase the varietiea

of marine foods that people eat. There are h~wls of speciea that fishermen

toss back into the sea because there is not a demand for them. Seventy-five

percent of the mrld'e catch is confined to several types of fish. People do

not want to tzy othez types ef fish that are strange to thea because they are
used to the other types they have already tried and liked. If a type o

could Midea people's eating habits for under-fished species, then it would help
presezve the sore demanded varietiesi Sometimes it is because of the name of

the species. But the dogfish is an example of soseone «ith imagination whc in-

vented. a <U.sh and changM the name inta "ocean perch," giving it a bettez sound

to it. People began trying it and liked it. Ever since that incident, it bas

become a pc~Bar species. Row ~My are called "cutlet fish."

k sost proa5.sing so1ution to the world's need for sore animal protein ia

FPC, fish protein concentrate, called fish flour. It is a colozless tasteless,
odorless and highly nutritious powder. It is produced from fish of almost all

types, including the so-cal1ed "trash" fish that are never brought to market.
FK is not eaten alone' but it is Rixed 14th othez foods such as Silk/ soups,
or bread. It provides the same nutritional value cf a piece of steak, Wea lt

is added to oxcUzuLry flour and baked into bread. That is, a slice of the baked.

bread with FPC has the same nutritional val~e as the steak, and ~gine the lo~
cost e

152



Despite the advantages provided by FPC, there are still probleaa. Fiah

flour is still made from the whole fish. Resi.stance to the use of FPC is ~

on the fact that it is the product of the Mole fish, including the insides.

Because of th i fact, people claim that the fish is dirty. But these people ~
assume this do not realise that oysters, clams, eaxcU.nee, and several other types
are eaten Mole, insides and all, and nobody considers thea dirty. Today the FPC

is used for protein for poor nations aU. aemxl the world.

Another means of getting nourishment troa the ocean is through aquaculture,

There is no reason why the techniques used to increase the productivity of Ma

land cannot be used to increase the productivity of the ocean. Vhy not stake

out oceanic ranches where salinity, temperature, currents, and other conditions

would support the rapid growth of marine life? Vhy not fortilise these ranches

with the nutrients on Ihich sea animals thrive? Vhy not stock thea with selected

t~~s of hree~g fish in the same way that landsmen use prime breeders to im-

prove their animal resources? Why not control marir.e pests to prevent hare to

the underwater species?" These things have been done or are already being done
to same degree.

The most advanced aquaculturists are th-. Japanese. For aors than half the

century they have been producing cultured pearls. Not only do they produce

pearls, they also produce large q~titLes of marine species for food. They

raised great amounts of oysters, bass, eel, shrimp, and other types of food.

They are also well advanced in different types of seaweed. So for the Japanese,
they are well advanced. %hay wi11 be able to feed their population without

~ng the balance of marine life.

ks for the western world, they are behind the Japanese because they have

Priser, p. f44.
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ccrc.centxated only on the zeP aine of fresh-eater fish. Balt-eater aquaculture hae

caen linited te only cyst~ and clans. But nov these zeetzictions are charing.

Men aze nor delay aoze activities in aquaculture, Ami because cf uidening their

activities, they are advancing sore into aquaculture.

Volt food authorities are pzeedag for sore effec+ive uays of petting nour-

i~t fzon the eea because they are vexy aware of the race between aan and hie

~ apply for food. They axe also vezy amxe of the fact that one out of every five

perscea in the uorld tokay Iaaf sufficient protein in his diet. aud if san ~

use his Qztelligeece to get it ~ the bountifhI aea basely. They have clained

that the ocean has the potential to provide protein repaixeaeats to thirty bil-

Xfat ~Le.. Such is the bounty cf the am~~ eea.
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The sea haa a lot of resources to offer man, if aan is»illing to discover
it+ Che of the more important riches of the aea is the future food for aan.
Man is no» locking ot the ocean for nourishment be~a right no» in tM.s world th
theze ia starvatice. Reascma for this az» that the land has a limit to its pro-
ductiWy over populatioay and high costss

Rm has found ne» tech~usa and devicee in catching great amounts of &ah
to txy to solve some of his problems. The sonar is usod to find schools of fish
in deep waters. PPC,.a food protein, haa been discovered which can feed people
at a lo» cost. +macnlture has been started in several diffezent citlea of the
mc3d And bN~ of ~maculture, man has found ne» maya to increase the pro-
ductivity of the ocean.

No» you see»hy the ocean is bauntiful to aan in ncurishaent. And by ex-
ploring it, man has overcame several of his problems in eurvival. Since aan has
eCRXl a lot to know aboit the ocean, he is stiiI exploziag it for Suer riches
for his survival. Man has already prod»seed md still much further. hD man
bas to do is not tc harm the ocean in any may for it might death his eely fb-
bare emrvival. Let the may he has treated hia praaent environI»mt teach him a
leases.

pagms 8e14g15.
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CAM THE SHARK BECOME A MAVOR FOOD RESOURCE FOR HAWAII
by Scot K. Tsuchiyama, Kauai High School

Sf%ACT

Vo are aow loaraiag how to «w oar oooaa roooarceo aoro effeotivoly
Qae roooeroo whiah eight he a future reaeroo io the ohorh

5u ahab ooe14 be a foo4 reooaree for the fatiwro bet them are

harriora ia the rag %ae barrioro eCLat hetveoa the fiohoraaa as' the

retailer, tho retailer anil the ooaoeaer, aa4 the eoaomor on4 the ehark

tea paper will oxaeiao ooee barr%ere whioh eliot.
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8N shark ie the legendary terror of the sea The shark vas lnailt

ap by the aedia to a poiat vhero the seatioa of a shark voild briag

abolt a fear ia every e. Tho sovie seers added to this by prehaoiag

aovies like Jara, The ~Doe, aad Jars Xl Rmegh these aovies the pab

lio hae esca soae of the bad sides of sharks. Like aaythiag else the

shark also has a goo4 aide 7 thiak the iaage of the shark is begiasdag

to ehaage aad this say opea other door» for the shark Oae of these

4oors aaybe the dovelopiag of the shark ia~ a viahle foo4 rose+co

Lt has booa proves that the shark haa the potoatial to beooee a

«eefal foo4 rososree before 1954 the shark vas uee4 by the fiahoeke

iadactry aa a biador ia its fishoake Soee sharks vert reported to bo

better bayadere thea others. Soae vhieh wre favored vere the haaserhead,

galapagos~ seadbar, vhito tipi th~Leti aa4 sako Legialatioa vas

passed that kQled eff the shark fishery hero ia the illaade This

legialatioa ~aired that tho iagredieate goiag iato the fiaheeke be

listed~ Rtvooa the years ot 1$HA «ad 1953 before the legialatioa ras

passed, 21,000 ponds of shark vere eaaght per year %hie amber
1

dropped aigaifioaatly to 200 posada ia 1954 and 12 ~ma4e ia 1955.

Treaty~ thoasaad posada of shark per year ia 1953 ia very goo4

oospared to 117,542 poands of aahisahi aa4 71,600 pcnmds of aao oaaght
ia 1975 Oa ~ Rider's tvo shark eatehiag trips the total aseaat of

shark eaaght vas 2,000 pouads oa eaoh trip i This asoaat eeald ris» if
shark vere eaaght oa a regalar basis Departaoat of Plaaaiag cad

Xooaoaie Developwat steU.es have eoaoluded Chat shark fishiag ia

IaraH eoa14 yield betwea 230,000 to 325,000 pewfa of 4resse4 shark

seat. This ahovs that there are a lot of a|Larks oat ia the ooeaa !ast
vaitiag to bo eaaght
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The first step in getting this 230,000 to 525,000 pounds of shark
to aaterialise would be to get the shark caught. The fishernen vho go
out to fish are the first link in the chain vhich sight lead to the

naterialisation af a shark industry hero in Hawaii The first question
ono nay ask is why haven't fishernen fished for shark There nsybe
nany reasons for fishernen not fishing for shark but to ezylore every
reason in one paper nay tahe too long. I will only give and explain
~ one of the an!or prebless vhioh doter fishornen froa fishing the shark

One reason for not fishing for shark is that shark seat east bo
cleaned and dressed guiokly after it is landed or else it will spoil,
itter a hard day or hard night of fishing, fishernen are usually too
tired to clean and soak the shark seat in brine water The shark neat
nust be soaked in brine fust in case tho neat has a high urea content
Iaaeliately after soaking the neat in the brine solution it east be
iced down The neat east be iced down ianodiately or it nay spoil.
Shark neat spoils very fast contrary to popular beliefs ~

the oost of catching shark is very high because you nust spend
nosey to buy ~uipaent and the return on the initial investsent is not
very good. The prise for shark neat now fs between 35 and 50 cents a

pound ~ tor a fishernan to sake nonoy on a shark he would have to sell

tho shark for 50 oonts or better ~ Fiahernen are willing, hovever, te
lower their prioe if liaitations on siss, anount, and species of sharks
are not inposed Thv fisheraen vho are willing to lover their prices
are those vho accidentally catch a shark and bring it to the sarket
Those sharks caught are aotually a eupplenont to the fiaheraen's in-
oone but nevertheless these sharks take up valuable spaoo in a fish box.

This space in a fish box is another reason for not catching sharks.
This space can be filled with other fishes wrath a higher wholesale price,



4 tem foot ahark weigha about 200 poun4a an4 aella for 50 conte a poun4
whQe ahi of the ease weight nay receive over $1+50 a poun4. The price
of ahark right ncv ia too unatable for fiaheraen to rink the apace tn
their fiah bc@ca to a ahatk 4 aurvey wae taken by the Departaent of
Plannijg and Rcoaoaic Developaent and it ahoved that if the State wcul4
Nubaidiae the fiaborsen ao that the bottoa price fcr ahark seat vill be
50 oeata a pound, fiahersea wonXd bo villing tc bring in aharka caught
aocidentallyi~ Thin idea of aubaidiea looka like the only way ehark
fiaherien wiII hecose a reality e

The reatnnranta and retail fish outleta elno want State soney in
order to nake shark available to the public. The retail fiah aarketa
are the sain outleta through vhich cuntcaero buy fi da Ziaheraea are
aaking 50 cents for a landed ahark and a dollar for fillete. The
retail atoreo aro !nly willing to give 25 to 60 cente a pound for a
ahark9 which aoana there'a a diaerepaacy of 25 conte Thin 4iacrepancy
ia caused by the aacunt cf ehark vM.ch haa to be thrown away The only
thing which ~ uaoable to the retailer ia tho ahab fillet The ahark
head, gute, and fina aaet be 4iacar4ed beoauae thea ~ ia no narket for
thea The retailere don't vent to take the riak of buying ehark and
to find out later that there ia no coaeaser intereat in ahark fillet
Thia ia where the State aoney cosoa into the picture The retailern
want the State to aubaidiao thea in a ahark seat proeoticn caapaigni
A recent aurvey of retail atorea on Kauai by tho lanai Sigh School
Distributive Education claao ahowod that 6OL' of the etcrea eurveyed
~4 a II ~.,0

Seventy-eight percent of the atorea would atock their ehelvee with
ahark Lf the State vaa villing to apend nancy to proeote ahark seat <>
Thin prenotion cf shark Meat ia neodo4 to get conauaer intereot. After
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iatoreat ia raiaed ihe price of the aeat aight go np enough ao that tho
flaheraoa aad retailera oan reach a prioe vhioh vonld anit both partiee.

The reeiaaranta aeoa to be the beat outlet for ahark at thie tiae.
The reataeanta aa4 fiahmen acta to be aor ~ in agreeaont oa the price
fot ahark aoat ~ The reatanreta are vGliag ta pay betveea $0 end 9$
oeata a ponad for droaao4 ahark seat <> Thia price for ahark wat aeon
to soot everyone'a doeaad aa4 the price oa ~ wu «ight alao be reaaon
able o

laothor ptoblea ariaea thongh a Kaaai Sigh School Diatribntive
Sdacatioa ~ey of Kana% roataaraata iadioatea that only 29jf of the
roataaraata aarveyed are vtlling to pat ahark oa their aeaae.! Thia
ahois that reatanranta aro not villiag to pat ahark coat on their aoan
Thia aogatin reaction, hovever, ia not aolely becamae of pablio reac-
tio», Public reaction ia a big part~ thea cocoa peraoaal reaction by
tho reataaraat ovnora Tho Kanai Sigh School Diotribativo Mneatiaa
anrvey ahova that ~ of the roatanraata vcmlda't sell ahark beeaaae
of public reaction an4 6� gave other reaaene vhieh veren't on the
earvey  the fm reaaoaa liate4 ea the «arvey vere prfao, pnblio re-
ao tiogl $40% t knov how to prepare ~ othora ! ~ $ Tho roe ternate are
vtlliag to pat ahark oa their aeana if Qw State ia villiag to proaot ~
ahark aoat On lanai the 2Q villing to put ahark on their ncaa
changed to 54 if tho State yreaotod ahark aeat >~

Proaetioa of ahark wat ace@a to be a Ntal liat ia the aatoria-
liaation of a ahark neat indnatry, Theae prenotion oaapaigua are to
yttsnaaA the eo~r to Egg ahark aoat. The eoaeaaor ia tho laat cad
moat vital ilail in the ehaiai The eonaaaer at thia point haa not
really ovoreoae the payohological biaa it haa vith aharka Vith aoriee
like Java the ahark ia aoea aa an indiacriainate killer of aan.
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This poyehological biaa the public haa ia total1y falaei Soieuti-

fie atudioa have ohova that aharka kiH. for a reaaoui Oao roaaoa ia

territorial bouadariea Bharka aad ohark packa aQ have defiaiir

bouaderioa vhiah they patrol Zf aosooae iatrudee a ohark vill

uaturally attack Thare aro sero roaaoaa fer Shark attaoka Iilce Ria-

takoa idoatitioa aad the Hiarka role aa a aoaveager Theae are poiato

which sight poroua4e the public to buy ohark sea@ The 4eei Nigh

School Diatribut5,ve Muoat5.oa ourvey haa ahovs that the aaia roaaoa

for not buyimg ahark ia the hiatory aud public iaage of the abark

At thia poiat people have aot totally aooepte4 ahark aa a food roaourco

porty-oeroa peroeat of the people surveyed by the Iaaai Sigh Sohool

Matributive Muoatioa claaa oaid they vould buy ahark Thia figure

shove that vith a little bit sort porsuatfou the public vould buy ahark

~ eat reguXarly beoauoe of tho ohark'a f004 value

The oouauaor IIao aeeda to be iaforaed of the foo4 value of ahark

seat. Shark seat io oftea coapared to dolicacieo like ovord fiah,

crab Q oao aad Rajlisahi 0 This ia aoatrary to popuI ar bel i of e that

~ hark seat ia tough, ia bitter ~ aud haa au avful aseD+ Shark «eat ia

a high aouree of protoia vhich ueodo to be eaphaaiaed sore becauae it

ia iaexpeuaive. Shark seat ia alao very Iov ta aorcury ooateuti The

State Iav ~uirea that tho aercury coateat be uo aoro thau 1 pius  parte

por aiDiea! vheroaa the tOL hae aet aoroury oouteut ia fiah to bo uo

sore thea Oe05 pal ~ Data eoopiled durisg a 1971 Shark 40atrol progras

ahoved that tho sorcury eoateat of aharka ia Hnraiiau vatera ia lov

oospared to other fiah caught ia Iavaiiau vatero Ia Australia the

ooaoluoioa haa beou reached that aiao and seroury ooateat io propor-

tioaal 0 Coatrary ta thia Eavaiiaa oharka ahov uo eorrolat ioa be%veea

aiae and seraury cauteat  aoe table!



la 1967, aador a 1airereity af Iavaii progras to eoatrol aad

research shark, 100 poesOof shark vae sent to Australia The Eavaiiaa

shark wat vae prepared aad tested umdor the supervie5.oa of Nr Norma

loadie, head of the Iaet Nelbourae tiehiag Coapaayi The prepared shark

wu eospared to iuetreliaa shark aad the results vere that the Israiiaa

shark seat voo /Rite aeooptahle u f 004 alLd Chat Cho Kavai isa shark

tasto4 @bast the aaao ae Australiaa shark seat ~

Za Amatralia, shark is eomoroially sarketed im "fish aad ohipe"

a leeal faverite aa aeaue. Shark ie uiiliae4 all OVer Che vor14 sad

also prepare4 ia difforoat vaye Neet sharks are oasouflaged with

other asses Ia Eritaa people eat shark ia "fish aad chips " ChiLueee

al1 over kaeriea support the shark fishisg iadustry by buyiag shark

fias for shark fia soup Shark seat ie sold ia Australia teador the

aaae of flake fish Im Japau people readily aoueuse ehark beosuee of

aoeesaity The Japaaeao ooaeuser'e sais source of proteia ie fish aud

the desaad ie eo great Chat the eoueusere wtil buy aay fish.

Oae ezporhseat vas tried is Hawaii to detersiae vhethor shark oeul4

be used aa prawa food, Zn Cho oxyerheat 47 geeade of shark seat vas

fe4 to appruxisately 600 pouude of fresh rater prawe Xs 24 hera Cho

pravas had oatea all the shark flesh. This shove that shark fillets

oould here oCher ueoe ia the future

Za e¹aolusioa I would Like Co aay that the eateriaU,satioa af a

shark fiehiag iaduetry ia Ravaii ie aet very probable Although the

poteatial ie there the souey aee4e4 Co start Cho isduetry ie eoaroe.

Xreryeae iavolved ia the saterislisatios of a shark industry is eoare4

to take a lose. Xveryoae nate State help but to epoa4 eo arch with

1ittle beaefite eeeas Co oloeo the  oor oa State fuadiag. Xrem if the

shark vere fished exteasively the iaduetry sight kQl itoelf out The
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ahern' ~ repre4aotive eyale ia long au4 the reyleaiahaeat of ahern ie

~ lov. Theee are the atria reaaeaa vhy aharh tiehiag aey aot be feeeible

Oae last reaeoa aay be that oarreat iatereet ie lee to the chert "erase"

or «fa4" 5e aerie Java aa4 Java !! have 4rava ooaeiherable imtereet

ia sharks aa4 aa a emmy by the Departaeat of Pleamii~ cad Rcoaoaie

Derelo~at hae ahcwa, people buy cher@ out of earieeity.
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THE IMPORTANCE OF ALGAE
by Annette K. Ofshf, Pahoa Hfgh School

Algae, the vegetation of the sea, is as

old as history itself. And it's many

uses fs ever increasing as it is being

researohed This paper discusses sacae

of these usesi
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Algae, seaweed, kelp, and limu» When referred tO, they seem to have
the same definition But «hen researched, a clearer understanding «as
obtained of the difference between them First, I vill try to give some

ound information so that vhen I refer to specific names, they «ill
not cause confusion as it has done me in the psst

Algae is called the vegetation of the sea. It ranges in size from

micmscopic to a 100 feet or acre in length. The algae are grouped ac-

cording to their colors of blue-green, brown, green, and red, The blim-

green algae belongs to the Kingdom Protista. While the rest are considered

to be in the Plant KLngdasa The large marine algae are called seaweeds.

The seaweeds of cold waters are chiefly brown algae. Those of the tropics
are chiefly red algae. Kelp is a kind of brown algae that is found along
many seashores of temperate zones. And limu is a Hawaiian name for sea-
veed»

Hy reason for research was because the topic, alga'e, had seemed quite

interesting It hsd often os.ared to Im that algae were sometimes called

"weeds of the sea"» Scattered opinions such as being insignificant and

generally a nuisance have showed me that a basic study of the prce~nt

"weed" vas needed When researcMag my first title: Nutritional Values

otf Algae, I discovered the many other uses of algae» These of which were

just as importan' as it's food value. Irx my paper, I vill try to show
what I have learned of the many important uses of algae And the diver-
sity of these important uses
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Results of Research

The earliest use of seaweeds was probably aa, . ood for man and beast

The eating of seaweed has continued to the present day, especially in

China, Japan, and Hawaii. Amongst these over forty species are used.

Hawaii's past includes limu as a source of part of the Hawaiian diet

"It was the third component of a nutritionally bal~ diet oonsisting

of fish and poi, together they furnished the necessary proteins, carbo-

hydrates and minerals for our adequate nutrition". In Japan, as well as

Hawaii, seaweed is a part of their basic meal. Some of the various

Japanese foods prepared from seaweeds are arame, which comes from Eisenia

bicyclis, hi!ski from Hi!ikia fusiforme, miru from Codiun, wakame from

Undaria pinnatMida, and many others. In the Western world, soma of the

better-known edible seaweeds such as laver, Irish moss, and dulse are
used quite extensively.

The seaweed has many nutritional values. It contains large amounts

of Vitamin A~ in addition to the B-complex, Vitamin K, and Vitamin C.

Because of it's fiber content, the seaweed serves as an aid to healthy

digestion~ "Seaweed has been shone to degrade fats to highly unsaturated

oils and may have been partially responsible for the low incidences of

coronary occlusion in primitive Hawaii." Many seaweeds contain antibloUc

substances that deteriorate the growth of pathological organisms.

Historically, seaweeds have been used for millennia as a folk medicine

in various parts of the world The variety ranges from being an ancient

preecription for dropsy to the Irish brew sea moss put in tea to cope with
coughs and mild stomach disorders.
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The bown algae, kelp,is an important source of M5inei Since sea-

water is rich in trace elements, these seaweeds are able to absorb them.

The trace elements include significant amounts of copper, manganese,

phOsphorus, aS well aa iodine~ Xt's iodine content Can be particularly

valuable M preventing goiter, a disorder of the thyroid~ Eodine is stilL

manufactured from kelp in Japan, where haadmsxia, Eclch~, and Eisenia

are mostly used Because of the brown seaweed's minerals and vitamins,

the dried plants are ground fine and used as a "body conditioner" Kelp's

nutritional benefits include a qreat share of calcium Kelp Is one of the

fear listed as having a high calcium content

The modern kelp industry includes a sticky substance called alginlc

acid This substance is extracted from kelp. Algin has been discovered

to have many ccmlmrciaI uses because of it's ability to hold several

liquids together. Algin is used to manufacture artificial fibres, sta-

bilize ice cream, and thicken comm ties, food, and other products. Gause

can4~ng calcium alginate~ another form of algin, is useful for pre-

venting bleeding and used in various forms of dressing for wounds. Another

important use of algin is as a latex crees~ agent in the production of

rubber from natural sources Derivatives of alginic acid also have their

~s in medicine

Another important use of algae today is the produ~n of agar-agar.

Because af it's gelatin-Like substance and ability to resist liquefaction,

it is chief Ly used in culturing bacterIa and fungi in LaboratorIes.

"Although agar may be extracted from at Least twen~ight species of red

aI.gae, the known source is the algae Gelid~an amansii". Beside being a



culture medium, it serves for a nosher of other purposes These include

the sizing of fabrics, the canning of fish, the maufacture of paper and

glue, the finishing of leather goods, cleaning medias for liquids, the

makings of medicines and cosnM:ties, and the thickeming of ice cream

Seaweed is used as fertiliser because of it's richness in trace

eleemnts Zt contains nitrogen and potash which is important to the fer-

tility of the land Seaweeds such as iithothamnion contain a great deal

of lime. These are used on acid soils~

The use of algae for the treatment of sewn' has recently developed.

We look upon sewage as a waste material when the truth is that it is a

potentially valuable rew material Sewage contains minerals that are much

in demand to build up the fertility of the land. Because of algae's pro-

cess of photosynthesis, the supply of oxygen needed for the bacteria to

break down the organic matter is provided. And at the saba time tt'-g will

absorb into ti~ir bodies much of the soluble nitrogen, phosphorus, and

po ash that would otherwise run to waste. After this process of biological

oxidation is finished, the algae can be harvested and eaten by man, fere to

anima1s, or used as a fertili=er for the land.

We must not forget that although we do not as of yat nourish ourselves

on microscopic algae, we do so whenever we ea~ fish. All foods that the

fish depends on always leads back to the microscopic phytoplankton. Even

though the fish does not feed on it directly, there are food chains that

show that microscopic algae is responsible for all life in the sea,
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The~n my research~ I have discover% the many important uses of
algae, both in the past and in the present. X have also realized the many
uses yet to be explored of this valuable resource in our waters Hopefully,
many others have realized too that algae will be of great value in the
future»
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USING THE OCEAN AGAINST HUNGER: SEA'HEED
by Roxanne C. K1yabu, Sacred Hearts Academy

The amtent of tide yayer inclnlee diecueeion of varlLoue typee
of eeeaed, tbeir hietoxy ee a nntrient, preeent uee made of eel~
in foist yroducte, end ite yotentia1 mac.
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I Xntroduction- Ran and the Sea

"an has a3ways used the ocean and products from it to >eep hi~
self alive. From it he took animals to provide himse3.f with food for
his bod>, oil for his lamps and stoves, and skins for his clothing.
He has extracted minerals "from it and purified its water to drink.
He has trav3.ed on it and transported goods on it. He is learning to
harness its energy to produce electricity. Unfortunately man has even
used the ocean to dump his wastes.

One of the products man gets from the ocean is seaweed. The

seaweeds are a large red or bzown algae that look. like land plants
because they have s.ems and leaves. They have holdfasts instead of
roots, so they get their nutrition through theiz' leaves. Seaweed is
also called kelp and here in Hawaii, limu. Seaweed could be a very
useful item if man could solve some of the problems linked nith pro-
ducing it and using it as a food.

II Statement of Problem- Better Use of Seaweed

Hunger is still one of the world's biggest problems. Even though
over seventy ver cent of the earth is covered by oceans, onl,,~ about
two per cent of ouz' food comes from the oceans. In the Atlantic and

Pacific Oceans there are giant bede of kelp and lots of seaweed in
coastal azeas and reefs. But man has only begun to use the".. algae
to make life better for himself. This is a big challenge foz him.

Some of the questions we should ind answers foz are:

l- How has man alz'eady used the seaweed' ?
2- How can he make better use of it?

3- Can he learn to grow it as a crop like farmers grow wheat or
corn on l ~d?

IXI Present Uses of Seaweed

Right now, seaweed is being used by the hu~ race in three
major areas: 3irectly or indirectly as food, in drugs and medicatione,
and as a fertilizer.

Seaweed i, ee.'.en in so"ie for.; all over the:-.arid. 7' he =.','astern

people~ - izc ~t mcus sore than the inhabitants of either the
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United States or Europe. In countries such as China, Japan, Malaya2

and a few South Pacific Islands, vou are likely to find people who

valu" seaweed as highly as any other food. Xn l970, 78,000 tons of3

seaweed was eaten in Japan, compared to 200, toss in South !Vales, the

center of seaweed use in England. The Welsh make a substance called

"laverbread" from the thoroughly washed and cooked red seaweed

porphyf'a, or laver. The gelatinous bread can then be cooked in fat

or formed into small cakes, dipped in oatmeal and fried with bacon

and eggs.

Other European nations have developed methods of using the ocean

plants in their diet@ also. Irish moss~ or c~aeen, dulse, and sea
lettuce ~~ave been eaten raw or cooked into soups and puddings by the

Welsh, the Scots, the Irish, the Icelanders, and the people of other

~pean eeuatMeOC The Russians have come up with many

clever recipes for seaweeds, especially sea cabbage. 5

Here in Hawaii at least two nationalities rely on seaweeds as

an important part of' their diets snd cultures. The local Japanese
cover a rice ball with nori, a dried seaweed, to make sushi, and

use nori to flavor soups, fust like they do in Japan. Ogo, a red
crunchy seaweed, is used in salads, and even arare, a crisp snack
made from mochi, is often flavored with seaweed.

gaits Zal~aias~turss vs;ue. ~baaed 5jghly, and -.i'. Hawaii

more then forty varieties are considered edible. Seaweed gardens

were co=ron among the Ha~iians. Seaweed, or lieu as the Haviaiim6

call it, was a very important part oi' the Hawaiian diet in addition

to ish and poi. Li~ contributed variet~ and interest as well as

a large amount of vitamins and trace minerals. Some species were

also used medicinally .,7

Unfortunately, seaweed is not all that nourishing. The rutri-

tional value of seaweeds in the human diet is mostly in their trace

elements and vita.=in content, although the�do provide same protein

and very little fat. 8

Although raw or processed seaweed is not widely consumed, the

extracts ef seaweed are mucid in ~eland as supportive izlpediente in
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foods, like agar in ice cream, salad dxessing, icings, etc. Agar is9

only one of the products of seaweed that is worth much. Other minerals

are obtained from the sea plants, too. Seaweed is burned and thea

soda, potash, iodine, agar  From red seaweed! or algin  from brown
seaweed! are separated from th~ ash. Algin is used in making ice
cream and asnrin. 10

He consume seaweed indzrectly in another way. Sea p'ants form
a significant liaR in the chain of lge, that of providing food for
vegetarian fish and crustaceans. These are consumed by larger sea
animals, who are eaten by us. Seaweed has also been sucessfullyll

used as a source of foddex for animals we find fit to eat, especially
sheep and pigs.

Seaweed contains elements «bat are good for our health, and some
of' its products axe used in the manufacture of medicines. Tx'ace ele-

ments found in seaweed are important in preventing deficiency diseases
such as anemia, goiter, and digestive ailments. Seaweed can even help
the oody to eliminate much of the radioactive strontium 90 we

ingest that can cause bone cancer and leukimia. The seaweed ca11ed

1.".ver or no» has 1arger nu"..ntities of the enz~~e c>oleeterose v."..ich

tears down cholesterol and helps prevent hardening of the arteries. 1+

Carrageenin, which is extracted from Irish moss, prevents the form-
ation o matric ulcers.

Agar is not digested. by most bactexia, so it is used as a cul-
16-ure redium to ~ow bacteria, molds and 3,salated tissues. Agar has

been used to treat diarrhea and other illnesses like 4t. Pills

coated with agar will not he ".tacked by bacteria and will pass to
the lower intestines before releasing theix contents. 17

seaweed con.ributes indirectly to man's food supply as a rick'.

organic fertiliser for farmlands. Thig type of soil enricher� pound

for pound, has twice as much po:«assiu.i as animal ~ure, but onl;. a
third of Chc phosphorous. 18

XV fiethods of Production- Harvesting and Farming

one v~ay to produce seaweed is by harvesting. Xn Japan brown

seaweed is collected by hand by eivers. Gathering by hand is the
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most common way, except where the giant kelp is collected in bulk.

Off Califamia, giant kelp is harvested by using grapples, which are

large hooks, or speoialised underwater mowers. The kelp ie amasing

because its holdfasts are sometimes 300 feet below the surface, and

after being out, it grows at a phenomenal rate of twenty feet in a
meek of two.

But the greaten! advances in seaweed production have been male

in farming. There has always been a great dined in Japan for edible
seaweed and farms mere constructed there to provide these varieties.

The Japanese have cultured laver or nori, a popular edible seeweed,

for centuries and now have more than 61,000 people ~sing sea plant

crops, and more than 300,000 people employed in the industry, P2

Since the Japanese were the first people to gro» seaweed in art-

ificial conditions, they were able to observe some things about the

environments which help to grow seaweed more abundantly. They noted

that seaweed needs an appropriate sile of stone to fasten itself to.

They put stones and bricks in barren places so that seaweed can attach

itself to the brick and stone. Japane~call this, tsukieso, or "con-

structed beach". Americans would call it a low profile reef or as

artificial reef or farm. Another ooservation was that laver has a23

growing season unlike that of land crops with the best growth during

minter. Xf the monosporee settle on a substantial surface during

they grow rapidly, and leaves may be harvested. in a few weeks.

This process continues until P'arch when the plants disappear., The
laver is harvehjlddby hand.

Some significant factors which influence the growth of seaweed
on a low profile reef are current, light depth, and wave action. 25

~ificial reefs must have good. foundations ar they might becotne

sunken in mud, like some early Japanese experiments, or be washed
away in strong current.

26

In 1957 I'ichio Takata of the Hawaiian Fish snd Game Division

used aqua lung divers to carefully observe and count fish both before
and after the artificial reefs mere created using concrete shelters.

The artificial reef in shallowest vrater eras destroyed by surf,

both others showed a dramatic increase in fish 1ife, especially the
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one in the barren area. The amount of fish increased. there: 4g'9IO per
cent. A later experiment in Hawaii used 9l6 shells of automobiles27

at a depth of 80 feet. Kelp anti eel grass were planted and thrived.
The quantity of fish increased from 36 to l542 pounds per acre, and a
better quality of fish for eating began to inhaoit the area.,28

V Conclusion

Prom this data, it may be concluded that seaweed can become a
more important part of the world's diet than it is now. It is -...y
guess that seaweed can be grown in a greater quantity than i.t i =
on aquati" farms. Seaweed aquaculture might be one of the answer
for a hun~ world.

VI ';ecommendations

In order to have seaweed as a greater part of the earth'= .". c:,
it would be necessary to educate the population in its advantage.c" ~d
us=s. Ho-~e economists would have o find new and more ~'.elicioi!' -".; s
of coo'.:ing it. Scientists should experiment with trying to incr c;;oe
the nu.ritioral value of eeaweeR, especially in building up its ! otein
con.cnt. come effort to increase the yeilds of algae growing in
enclosed sea areas, such as bays, fiords, and lochs, have been c-.=rted
by !~sing fertilizers, made from land elements. This tyoe of I'cr'ili-
za".ion roust be confined to enclosed areas or the enrichers wool~:. ~e
dilu. t hrouchout the oceans. 2o

Iastly, I ~ould hope that man can continue to learn to far;: 4l~e
sea as he farms the land, using methods of planting and transol ~ting
fro.- fertile to ba ren areas. Experimentation in this area i.- ..till30

vit, and we must see that our government at the state and ! ed~ r, 1
levels  especially the president! will pass an aquaculture bill to
set aside funds for this.
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HAMAII KAI NRIN
by 6lorla R. Pact, Sacred Hearts Acadeey

%de paper deals mkth the dendnpaeat of the HeeaH Kai Xarina.

Seiag the firet reeideati~mr9aa acmamity ia geeeaii, the Iaiiaii

Kai Narcoma had aeay aeleeta to be cceeid~d, including righte and
aanag~t of ite eoeeM. awe eai mtere.

Precefig pay biaak
187



INTRODUCTION

I decided to do a project on tha Hamil Kai marina because I feel that

the p-object is a very unique one. Ham%i Kai is unique due to its develo~at

concept, and its being the first residential-sarina coasunity developea . -.oa

a fishpond in the state of Radii.

ln the years that I have lived there, I have seen many of the advantage s

that the residents of Hawaii Kai have with ite. aarinamoauaunity environ~ei.',

Not only is there the recreational  boat~,~ter~parts! side eftbe marina's

existence, but the marina gives the co~ty a spiendor that you ~t dor

see mmryvhere.

So my pro+et is basically an overall description and history of the

Hairaii Ka.i marina � an informative report on the Ha~i Kai MLzina, ~hich

I have found to be an interesting topic .
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cwork on the Hawse.i Ka,i ~ina began in 1959 with 4 e dredging of a

channel to the Kuapa pond by the Kaiser-Burns ~elopment Company. The

trustees of the Estate of Bernice pauahi Bishop made a development and

lease agreement with Kaiser-Aetna to develop the 52l acre Kuapa ?ishpond

into s. residential area having a aarbsL with a series of channels separated.

by fingers of land a+i little islands. The peninsula, islands, and found-

ations of house sites wer.. constructed using the material drecged from the

pond during construction of the marina.

At present, the Hawaii Kai development includes a 267.7 acre asLrina

which has an approximate shoreline of 12 mi,les, and a depth of about ~

feet, ani a surrounding residential co~ty. The marina hsa two open-

ings into Wunalua 3ay that pass beneath bridges on Kalanianaole Highway

and traverse a narro~ strip of coastal land separating the marina from

the bay. The main opening into the lower basin of the marina is large

enough to pert it boats, which have superstructures not greater than 13

feet above the waterline, to pass beneath the bridge during high tide.

The min opening and entrance channel were dredge, bridged, and improved

by Kaiser during the years 1965-67 under permits from the Department of

the Army DA!. The other opening near Ku1iouou dredged in 1959! is toe.

low to permit passage of boats having tall superstructures.

Abov. 90 percent of the marina shoreline is protected with mortared

rock walls, which have a crest elevation of about 3-p1us feet above sea

level, and extend 5-10 feet below sea level. The remaining 10 percent

of the marina shoreline is not walled, and the shoreline slopes gradually

to the water. In some areas that are unwalled,and places where the walls

». <~V H or are failing, wind-wave erosion of the shoreline is taking

place..
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IRE /QRINA AK; I'K USES

The marina is used primarily for recreational boating and water contact

sports, such as water skLing,sailing, fishing,and crabbing. 'Zhere are several

areas of corporate and private boat launching ramps, docke, piers, ark pilings

located along the developed areas of the marina.

DISPUTE OVER THE PRIVATE OR PUBLIC NATURE OF H-KAI TRINA

In the early part of the i/70's, a dispute involving the public or private

nature of waters in the Hawaii Xai marina was started by the U.S. Army Corp

of Engineers. Theiz' basis of argument was the fact that the Hawaii Kai

marina,.once a swampland, may have been improved so such that it should be

declared a public watery. But the residents believed it wa- private p=cpeNy.

The marina is maintained. by the 1400 residents who live on the water' s

edge and by all other Hawaii Kai residents who use the facilities.

Kaisez-Aetna, which is the H-Kai developer, then became concerned over

the invasion by people who wererlt residents when the U.S. Corps of Engineers

and the Coast Guard rvZed that the pond was a navigable waterway.

Aetna's Position;

Maters ar= private and for exclusive use of the .~china residents and

other authorized. people licensed by Kaisez-Aetna.

Coc'-s Pceition r

Mith the Corp's ruling, Kaiser&etna would have to have goverr~ent

approval before it coulr'. furthez' improve what it oelievec to be private

property.

Public interest had to be pzotected, but it had to be remembered tl. t

a lot of money was spent by the developers to improve the waterway,

190



Representati re Spark Hatsunaga introduced a bi'1 to restrict access

of Hnwaii Kai F~ina to the residents of Hawaii Ksi. He reintroduced a rieasu e

to pre ent the Army Corp of Engineow from dosignati~ the marina aa a. navi-

gable waterway and thus open it to public traffic.

HA1MNACA 'S POSITION:

The peopl who de"eloped the azea and the peopl who own hor.. in

Hawaii Kai, particularly waterfront property-~e entitled to their own

private water recreation site and,~im. He air-o ooi~:ed out the concern

about the threat of interlope~ and ..wndals expressed by the residents.

FINAL DECISION ON PUBLIC OR PRVJATE NATURE OF MAJGNA

Final decision on the dispute over the public or private nature of

the Hawaii Kai Narina was left to the courts. Based on the information

brought into court by the Corp o&Engineers, the courts decided that, in

the public interest, to declare the Hawaii Qt.i Narina a public navigable

waterway. '4ith this decision, the waters would therefore be under public

use and control.

De relopers ir now required to get authori~stion by the keay ".orp

of Engineers for any actions involving the marina because of the decision

of the courts.

Hono7.u3.u Star-Bulletin. April 25, 1973; July 7, 1973;
December 2, 197; June, 1975.

gS Army Engineer M.strict, Honolulu. April 1975  draft!;
tune 1975  final copy!. Envirormental statement for
the De tment of the rmit actions in the Hawaii
Kai Marina Oahu Hawaii. Hono ulu Hawaii.
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FURTHER DEVELOPMENT OF KA'ANAPALI
by Lee H. Taylor, Lahafnaluna High School

ABS~$34Q:

Tourism is l~ui's as well as the state'4 largest industry.

Chris Hemmeter asked. the Nsui Planning Commission for a Special

Fmmpement *ppi'c~.'.'on to buihl a 750 room hotel in the Kaanapali

area. It' ll consist of three towers, 6, 8, and, 9 floors.

The existing site has kiawe trees patches of brown grass and, a
little greenery. Navy people are concerned. that the Kaanapali

area ia already too crowded, and that the 750 room project

known as the 'Hyatt Hegency", will double the compacity. Sc~~e

people say t,hat the structure will take away from the beauty

and others disagree. I am one who disagrees, I' ve seen the

-�resent s't,e and alsc the proposed. structure and. I feel that

the structure is a definite improvement to the environment.
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I NT BODUCT lON:

Thc Hemmeter pro/eat knowm. as the Hyatt Regency vill

consist of tnree towers with a total ot' 750 rooms, there will

also be resturaunts and. other shops, 'there will also be a swimm1ng

pool in the middle of the complex with water-falls and shrubbery

to make it iook natural. tame people say that Mhaina is already

too cxowded with tourist and that more rental cars and tour buse

rill only worsen the problem. They also say that the hotel will take

away from the beauty of the environment. L' feel at the present

time there is no real beauty to take away f'rom, I don't call

kiawe beautiful. '1'no extra to~rist will be good for the eco~or."

of' ~ina, ~ore qobs and. probably more shops will open, and all

this mean=- t'..at .inc.> -.- r;one~ will to coming into, ':~aina.

~CEJ!URE OP RESEARCH:

I vent to the Haui County Planning Commission and looked

at the files an th= I'~~et'r Pro]ect, and I also got inforT:.~'.'."..

and the rules ar8 regulations from the Costal Zone Mansgement,

RESULTS CP P.KSEAP...II:

y questions ?uve arisen because the tourist in Lahaina

have become a problem esspecially in the middle of town where

they stop in the mid~le of the road, and cross where there is no

cross-walk ao doubling the comp«city will only add to the problem.

The comeu~f t" 's "'. o " .ccr".c<~ that the Kaana~li «ma
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w21' turn into a.i<ther w'aikiki. The maxn town of Lahaina is
already tourist oriented, selling typi al hawaiian wear that
is made in the mainland, and portray2ng the stereotype hawaiian.
The Environmentalist are against it because they way it takes away
from the beauty and, blocks the view of the beach and the ocean.
Another stipulation is that the homes will be prOvided for the
workers by the company. Mast people don't know where these
houses are going to be built, Another question is the people
that are working at the other hotels will they leave their present
Job and transfer to the Hyatt Regency2 1 will answer these
question and others in my paper, I will also shaw the cb]ectives
of the Costal Zone Management.

The hotel w211 be good. for the economy of Lahaina. Usually
when the economy progresses the ecology suffers but in th2s case
the hotel will beautify the environment. The area of the proJect
will be built on an 18.5 acre parcel of land.

2 The proposed proJect is a major resort hotel which will
contain approximately 750 guest rooms. Three main buildings,
linked together by the lobby floor containgi~ commerical arxl.
other accessory use"-, will have 6,8, a..d 9 floors of ~est rooms.

A meeting/convention facility; accessory commercial spaces;
restaurants and cocktail lounges; recreational facilities
 including tennis courts! and outdoor luau area,' ample par!cine
and. extensively landscaped grounds Hill also be constructed'

4 public beach right-of-way, inchuding outdoor ~h w~r ~ will
be provided near the southerly boundary af the property

The hotel will be managed by the Hyatt Coroporation, which
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currently poerates two other hotels in Hawaii -- the Hyatt
Regency Malkiki and the Kui!ima Hyatt Resort Hotel in Kahuku-

as well as other prestigious hotels throughout t,he country, "
Another concern is the drainage, but there is no real

problem. The Fmmapali Resort area has its own sewage treatment
plant. The sewage is pumped Into the plant and i" recycled and
used to irrigate the golf course. Some of the discharge is
runoff in to the stream and washed. into the ocean. This drair;age
system is the same one they use today. One of the regulations
on the Costal Zone Marwgement is that there is at least a 40

foot set back frora the shore line Nr. Hemmeter has his proJect,
about 130 feet from the shore line and will also landscape !he
beach with trees and. shops,  the shops v'll be away frcm the

shore line!. There are certain impacts that affect the project,
one oi they is related to soil erosion from water and wind.

Grading must also be in according to county standards. There

must alsobe provivions for public access. As mentioned earlier

there will be two beach-right-af-ways, one will be built by the
state and the other ~y the Hyatt Corporation.

The homes for the workers will be built ont Lahainaluna

Road,, !ust befor the Lahaina Intermediate School. The exact

number of houses is not positive, but they will b rented at

$400 a month There will be a consideratle amount of homes

built because this 80 million dollar pro!ect, will i:roduce

500 - 600 gobs. Now 1 will show the CZM ObJectives.

i From the "EVALUA.;0 CP' SIGN PICA'fIT EiIVTRCl~",'.FVTAI CRIT:RIA"
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COASTAL ZONE MANAGRNKNT OBJECTIVES:

The Coastal Zone Nanagement Act, enacted by the 1977

Hawaii State Legislature, established the following ob!ectives

foz' the use, protection and development cf coastal areas:

2 ~ PBOVXDK COASTAL BKCRKATIONAL OPPORTUNI IES ACCESSlBLK
TO THE PUBLIC

The proposed. pro!ect will include a public beach right-

of-way, together with an outdoor shower. A beach z'ight-

of-way is to be d.eveloped. by Amfac, Inc. immediately to

the north of the proposed pro!ect site; and a beach parL

will be deceloped by the County of lilaui to the south,
accross lhdm3cea Stream

2 PBO"'KCT, PBESKBCK, AND, WHKBK DKSIRABLK, BESTORE THOSE
NATURAL AND RAN-llADE HISTOBIC NND PBK HISTORIC BKSOUBCKS
IN THK COASTAL ZONK NANAGKMZNT AREA THAT ABK SIGNIPICANT
IN HAWAIIAN AND AMERICAN HISTOBY AND CULTURE

Although the proposed pro!ect is generally located within

an area of historical and legendary significance relative

to hawaiian culture, there are no known historic cr pze-

histoz ic resources located. on the site which can be

protected, preserced. or restored. Should any such resources

be disccvered, appropriate governmental agencies will be
immediately notified..

3 PROTECT i PRES ERC R AND, WHERE DES IBAB LK ~ RESTORE OR IMPROV
THK QUALITY OP COASTAL SCENIC AND OPEN SPACE RESOURCES

The proposed project will create some intrusion into coastal

vistas and open space. However, the ma!or build.ings will
have substantial setbacks from both the public highway

 Honoaptilani! and the beach, as well as generous
spacings between buildings.
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In view of the information hiven there should be no reason

why Nr ChiR Hemmeter should not build his hotel. Building the

hotel is tne best use the the land and. the people. The land, will

Just sit there and the anly thing will happen is that more weeds

will grow. This way the land is at its best use. It is also

good for our economy, more people coming the they Spend the

better; it is for the people of Lahaina.

lGImpali will never become a another Waikiki like many people

are afraid of. Kaanapali of better organized than Waikiki in that

the hotels are away from the main town."..-,.In Waikiki!'s situation

they have shops on both sides of the high~ay, and. people walking

across the street. At Waikiki they Just built and made na,provisions

for landscaping, so by the time what had. happened the people in

Honolulu ended up with a concrete Jungle, but at Kaanapali many

provisions are made for landscaping. Mr Hemmeter has met the

county's and .@he state's environmental standards and. other impacts.

He lms also met all af the Costal Zone Management Laws and should

be permitted ho build.
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MAR1NE PRESERVE AT LAPAKAHI AHUPUAA
by Lorene Fernandez and Bernadette K. Jonolhno, Kohale Hfgh School

AMTRACT

Tbere are rapi<GJ Q.eappea&ng reainsnces of the os but good Hawaiian
maya of living, People-are ncnr txying to preserve shat ie left of the Cll

eaye at Xapajadd., Zn ite preservation Cbe adai&etzation sante to aztec
ite mater hmndariee.

Ve bave cap~ the essence of the arguaente far aai agaizmt this
propoeal in oar ~.

198



INTRODUCTION

Mpakahi State Park is a restored fishing village of Ancient Hawaii.

It has been preserved so that people today can see how the Hawai.&ns lived

anI. fished in Ancient tines. Vith canoe sheds, burial sites, a fish shrine

and other things, people who go there can definitely leave with soae under-

standing of hcw the Hawailans lived before. Ve as Xohalans take a special

interest in Iepakahi because it is located, in Kohala and shows how people,
aaybe even our ancestors lived many hmxhM years ago.

Au isportant part of Zapa3cahi and. its preservation is Kaaie, ~Re bay,
There is an abundance of different fish sc plane are no» being aised at
restoring acre of the ocean area.

Right now the aiiinistzation at Iapa1mhi is faced with a problew, To
state it briefly � The adsinistration ls hoping to extend the water baurxi-

~ 500 feet but the reef fishermen argue that it's too far.

KiTHOD

Par our prefect, we consulted the Supervisor at Iapakahi, Mariana!on
Stafford' Pro!sot Coordinator, Joe Hattoee eaployees of Lapakahi, 'at Caxpio,
Charles ~nabs, and Heal Shontell. 0%her sources of research were car own

knowledge af Mpakahi~ interviews «ith reef fisheraan~ Narie HcDonald,

Clayton Javillo, Xa1eo Peres, Vance Fuji, and kndy Ragman. 'He were under

the special guidance of Nr. Gilbert Pagat. Reference ~teriale used were

Iapakahi State Historioal Park Trail 3rochure! Draft 1 cf the proposals
Woe the State of Fawaii, De1uLztaent of hand and Natural Resources, Division

of tish and Gaiety and North Kohala, Preservation of Historical Resources.
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RESVLTS

The proposed la& area which is around a mile act a half long runs Wcm

the Nahukona Lighthouse down toward Kawaihae Harbor,

In the proposal the coastal area is divided into two subsones. Subsone

~ which includes Koaie Bay is around 2886 feet long and extends $00 feet, into

the ocean. 8ubsone B which includes the coastal ares. beyond Koala Bay is

arum@. @NO feet long. It also extends 500 feet into ths ooean. Xn Subsone

A fishing, taking of marine life, changing or destroying land. features,

possessing gear that can do harm ar would aid in the taking of marine life,

polluting, constructing something ar 1eaving something in the water without

written permission of proper governmental authority and boating is prohibi-

ted. Tn Subsone B arne fishing aid. obtaining of crustaceans is allowed,

but there are still some restrictions. The restrictions are as follows'

fishing by hook and line methods~ net throwing fraa the shoreline. You are

also allowed to possess in the eater far protection only any knife, sl~k

billy, bang stick, poverhead aced/ar carbon dioxide  C02! inJector.

lilith a special permit fr~ the Beard. of Xand and Natural Resources, any

farm of marine life and eggs that were prohibited by hlw could be taken for

scientific, propagation or other experimental purposes.

A person caught breaking a regulation will be guilty of a petty mis-

demeanor and would be convicted as such.

The reason for a proposal on extending the ocean boundaries is far an

ocean santuary to preserve, protect and conserve the marine rescxxrces and

geolcwcical features. There are a variety of sea 11fe in Koale Bay itself

such as akule, opelu, porpoises, sting rays, whales and flying fish, Though

there are a lot of ~hem, the workers have noticed that the amount of fishes

have lessen.
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XarlenaJon Stafford, the Supervisor of IepaJmhi, is all far preser-
vation, Xn her opinion 4apakahi is a valuable resource for all people,
not only tourists but Kohalans as «ell. At 4apakahi, in her opinio~,
a person can actually experience how the Hawaiians used to live, With

an ocean preserve the fish will become tame and then people will be
able to catch and prepare fish the ancient way.

Joe Nattoe, Project Coctrdinator, gave us his opinion on the sub-
!act. He thinks that the preservation at ZagakaM is a good Mea but
he agrees with the fish~n that 500 feet may be too much, He says
that 200 feet would be sufficient because there is nc4 such to see
after that and it wou1d interfere»ith opelu fishing should the exten-
sion 'be any Arther.

The 4~tal6 workers we had the chance to talk to agreed that Sub-
sone A is a g~ idea in the preservation cf ocean life, but Subsone 3
brought out sane disagreement and doubt. They feel that maybe this is
asking a little too much of the fishermen to sacrifice because it is
restricting too much cf the public beeches and ocean,

A fisherman, Leo Tabiolo, gave us his shori but penetrating view.
He thinks preaen5ng the water is good so that children wil' be able to
c~ and. see the treed fishes.

Marie NcDcnald ie a Hawaiiarm tea.her at gohala High School. She is
very educated in the field of Hawaiian history. She is far the preser-
vation of the ocean azB also finds it a very valuable place to the people
of the 8lg Island. She feels students and others «ill be able to gain an
inside vie» of how the Bavaiians used to live, She feels that this won' t
hurt the opelu fishing but will help it instead, The reason is, as she
puts it, if the fish are not harmed in?a~'.~ they vill be able to
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reproduce ani aovs on. This way the supply cf C.sh wi11 always assist ea'.
have the chance to reproduce.

Ie also Lnt srviewed four students at Kabala l5gh. Scee of the ~ta
ware very surprising. One boy said that 500 feet aaybs a little too f|sz,
but he agrees that preservation ls a good idea. kavthsr boy m fta the idea
ot gsreservation of Iapaiushl and the ocean aH together, The third said.
Rsspahhi'a preservation ia a good idea but aaybe they ahcssM ass axoe~
tl,oos far opelu Ashwraen to go at one thee sSf the gear to fish. The fourth
sssrprised us by saying he did not think it ma a good idea. Xn his view he
said it ~ not ~Rsd to preserve the fish because they wiX1 not all bs
cassght,

Through axr interviews, «s found cut that everyone has different opin-
lone. ~n if they ~peed with the conservation part, their opinicws on
where the boundary should be set differed, Host people felt that the pro-
yaeal would be ass~ted if the boundary ~n't at 500 feet. They say tssat
500 feet is too wssch and that lt should be cut down to 8XLZ5- feet.

Iy doing research for this paper, we were asde ~ of the value of
XeRwsjsaJsi and ita waters. Lapahahi la li|se ~ stags un of props, actors,
and eetrsseseaS but m» thing is wrong with it. It laohs the proaise of

feet, we wiil have mr final prop and the stags rill always be aet. The
waters of Iapakahi will becme the a+bars and actresses and we, the visi-
tora and tcssriet «iD bec the audlenoe, The play wouM be the "Xdfe
ot the Ancient Hawaiians in Kapajushi."

20$



RIMCÃCRS

l. Sat Caryio, intervie» with Lorine Fernande and Bernadette Jonoiino,

Iag~d, State Histor5.cal Park, ~ber 7, 1978.

2, Vance ~ gi, interview with Lorimi Fernanies an4 Bernade>te Jonolino,

L~la High Schwa&, Ibceaber 8, 1978..

Cay+~ Javilla, intexvie» with Larine >en+,nies and Bernadette

Zanolino, Iohala High School, Dec«aber 8, 1978.

Lapakahi State Histarica Park, ~1 Brochures, 1978,

5, Joe Nattoe, intervie»»ith Lorene Fermaies an4 Berna4ette Jono&no,

LapdudC Office, Decesber 6, 1978.

6. Marie NcDonal4, intervie» «1th Bernadette Jonolino, ~ala Keogh School,

Ikoeaber 7 ~ 1978.

7. North Xohalai Preservation of Historical Besources, July 1972, PP 29-31,

8. paleo Peres, intervie»»ith Lari.ne Farnandes and Bernadette Jonollno,

%&ala High School, Deceaber 8, 1978.

9. Lady Ragaeai intervie»»ith Laetne Fa~es an4 Benwadette Jonol~no,

a~ Rgh School, 0 c ~ 8, I~.

10, Naai Shontell ~ intervie» with Lorine Pernandes an4 erna4ette Jonolino�

IapaJmbi State Historical Parle ~ 9eewber 7, 1978.

ll. %rlenapon Stafford, intervle» «ith Lorine Fernandes an4 Bernsdette

Jeaalino, Zepakahi State Historical Park, Deceaber 7, 1978.

12. State of Hawaii ~ Departaent of lan4 aivi Nataeal Besources, Honolulu,

Rvisice of Pish ani Qaae. DraCt I  IO/9/7S! Propped.

13. Leo Tabiolo, interview with Bernadette Jonolim>, Qeceaber 6, 1978.

14, Charles Tasmaba, intervie» with Lorine Ternandes and Bernsdette

Jonolino, iapakahi State Historical Park, Decor.be 8, 1978,

206



TME IIORTH'WESTERN HAGGAI IAN ISLANOS:
EGOfKNIC GA'N OR ENVIRONMENTAL LOSS?

by Laura@ L. Isrbleau, Kasrehameha Schoo'Is

ABSTRACT

The t+xthwestern Hawaiian Islands are composed of numerous otolls, shoals, and
reefs, little i.~ by much of the general public. S~~ing over 800 miles, this area
bc~ Ni'ihau is protected by state and fecrerai wildlife refuge agencies. Both state md
fee}eral agencies have jurlsd!et!on rights in these islands. This has caused much controversy
since the State of Hawai'i !s proposing future commercial development of the Northwest
Islands' marine resources. The fede.al government Is also proposing to obtain full
jurisclction of the islands in orde; to keep development at a minimum for the prut ection of
the marine;,birdlife.

Base line data an the potential of marine resources of the Northwest fsiards is

IimitecL Presently, a tripartite axyerative survey between state md federal departments
!s being carried out ta research these resources. The results of trP~ research wiil determine
the feasibility of commercial resource development and its potential effects cm tl ~;.crine
enviror:nent in the hex thwestern Hawaiian Islands.
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INTRODUCTION

From a fault on the . acffic Ocean floor, a seqvence of volcanic eruptions over

millions of years formed the unique czchipefaga In whicl we now live... the Hawaiian

Islands. Thfs island chain extends in a northwestern to sovtheastern direction for a length

af fifteen hvndred miles.

The Northwestern or Leeward Islands include all the is<ands north of Ni'ihau: Nihoa,

Necker, French Frigate Shoals, Carcher Plnnacf~ Maro Reef, Laysan fsfcmd, Lisfanski,

Pearl and Hermes Reef, Midway, and Kure Island Starting with Kure, these islands were

the first to form as high vofamoes and have now eroded into atolls, fow sandy shoals, and

reefs.

The southeast islands, specifically the major islands from Ni'ihav to Howai'i, were

subsequently the last of the great vafmnoes to have formed. Presently, the yovngest isiond

of Hawaii which is one million years old is in the middle stage of island development as

described by Macdonald end Steams.
7

The Northwest islands, on the other hand, are in the final stages of geological

development. But even within these Leeward islands there is great variation in topography

and physical characteristics. Nihoa with its 900-foot jagged cliffs and toll Loufv palms

offers greatly compared to the sandy Loyscn atoff with its low lying shrubs and beach

plants.

Turn-of-the-Centur Ex loitations � The Northwestern Islands 1890- f920

Leased for guano fertilizer mining by two mainland firms in l890, Loyson ond

Lisianski were the first two northwest islands to be exploited commercially. In l89l, m

observer described Lisiansfci as "... a little paradise." By I9IS it was "... dreary end

desolute. During this period, the guano dfggers had introduced guinea pigs md rabbits to

the islands. These vegetarian mammals consumed much of the protective plant covering

which led to the deaths of hundreds of thousands of bircis from sandstorms.
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Interior. The native plants such as the Loulu Palm ! which is found

nowhere else in the world, were also put under federal protection thus insuring their
survival.

Wildlife Resources

The Leeward Islands are home ta some of the greatest seabird nesting colonies in the

world. Of the eighteen different bird species, the fou major seabirds are from the tern,

shearwater, petrel, or albatross farniliese Various species range from the abundant sooty

tern  Sterna fasaata] ond its relative, the fairy tern ~ G is afbo!, to the wedge-totted

shearwaters  Puffinus cificvs! and their different family branches.

The four endemic land birds found in the islands originate from two of the islands.

The Nihoa finch  Psittirostra ultima!, the Nihoo millerbird  Acroc holus kin ii!, the Layson

finch  Psittacirostra cantans cantans!, and the Laysan duck. This duck is considered to be

"one of the rorest ducks in the world today." by the United States Department of the3

I. terior.

The Hawaiian Monk Seal  Monachvs schavinslandi!, like the birdlife, also depends on

the living resources of the!slonds for food. With the Carribean monk seal now thovght to

be nearly extinct, these rare mammals presently numbering about I,GOO are almost r on-

existent outside of the Hawaiian archipelago.

The Hawaiian green sea turtle  Chelonia! is found olrnost nowhere else, just like the

monk seals. The monk seafs do not migrate ovtside of the Northwest Islands. The turtles
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Plume hunters of the early twentieth century were responsible for slaughter of almost

the same number of birds in order to obtain their feothers.

ln I909, President Theodore Roosevelt set aside the Northwest Hawaiian islands as a

bird reservation in one of history's first preservation acts of Congress. The birdlife

included terns ond petrels as well as the endemic endangered land birds such as the Nihoa

finch. In l940, when the islands become a National Wildlife Refvge, the Hawaiian Monk

Seal ond green sea turtle were placed vnder federal protection by the Department oF the



breed and migrate within the range of the entire island chain, with their last major moting

grounds in the Leeward Islands.

Potential Marine Resources

There is a!most no information presently obtai,;abie documenting the actual marine

resources in the Northwestern Islands. Much of the information has been obtained from

Navy reports of their maintenance expeditions within the area and from abovt eight

scientific studies conducted by different agencies over the past decade. A survey done by

the National Marine Fisheries Service in the late l975-76 indicated the presence of lobsters

and high trophlc level fishes such as sharks and jacks. Since these resources hove not been8

tapped, it may be safe to assume that there is an abundance of these forms.

Natural minerals such as manganese nodules which contain copper and nickel, are

thought to be present on the acean floor in the Leeward islands.

Carel ls another common resource found within these waters although the extent of

the coral fields has not been adequately determined.

STATEMENT OF THE PROBLEM

Resource Devel ment of the Northwestern Hawaiian Islands Pro sed b the State of

Hawai"i

Hawai'i's fishing industry is not the once thriving business it was many years ago.

Depletion of the fishing areas found off the main Hawaiian Islands has led State officials '.o

propose an expansion into the waters of the Leeward islands to rejuvenate Hawai'i's fishing
industry. This expansion would help meet food demands for the state's increasing

population as well as make available quality recreational fishing grounds.
Precious mineral and coral industries could aid in the diversification of Hawoi'i's

econcrny and bring about more jobs for the people.

Therefore, the state feels that the people of Hawai'i would benefit greatly from

commercial development of the Leeward Islands.
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Jurisdiction and Future Pr sais for the Northwest islands

When the bird reservation of l909 was redesignated the Hawaiian islands National

Wildlife Refuge in l940, the Northwestern Islands came vnder jurisdiction of the Fish and

Wildlife Service of the United States Department of the interior. The major purposes of

the service are to preserve the native land and marine resources within the 304,200 acres

of Islands, submerged reefs, atolls and ta insure that these resources are protected against

harmful introductions. Presently, only avthorized personnel are allowed within the refuge
and trespassing is prohibited.

The Department of the Interior is currently proposing to place the Northwest Islands

into the National Wildlife Preservation System. This Wilderness Proposal would put the

present refuge under the fu!I control of the federal government and would permanently

exclude the State of Hawa!'i from any jurisdiction in these islands. This proposal would

have to be enacted by Congress, and would moke the Department of the interior the sole

administrators of these islands.

The State of Mawai'I is against this Wilderness Proposal for a number of reasons.

Eleven years ofter the federal government redesignated the refuge, the State I egislature

made the Leeward islands into a State Wildlife Refuge. This action gave the state certain

power within the islands, but it was agreed that the Department of the Interior would have

the major control over the islands. Losing all of the state's authority throvgh Congressional

enactment of the wilderness wovtd not allow for the state's proposed commercial

development of the Leeward islands since preservation, not development, would be the

major goal of this preservation act.

The Department of the Interior does not wish to appear os the "bad guy" in this�I .

controversy. The department reelizes that the greatest impact from cornrnercial

development would be on the delicate balance ot wildlife. Their svrvival depends on the

marine resources of the Island waters. The question is "lf the marine resources are

commercially exploited, what would be the effects on the wildlife?"

ln order to determine these effects, the base level of marine resovrces must first be
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established. A five-year program to assess the living resources of the Northwestern Islands

and to determine the long-range effects of development on the Leeward islands ecosystem

was begvn in f975 by three agencfea The National Marine Fisheries Serv!ce, the

Department of Land and Natural Resources for the State of Hawai'i, and the Ffsh and

Wildlife Service of the Department of the lnterfor. This program is ~titled the Tripartfte

Cooperative Agreement for the Survey and Assessment of the Living Resources of the

Northwestern Hawaiian Islands. Each of the three departments has specific duties and it

fs hoped that, based an their research resvlts, intelligent decfsians will be made concerning

the future of the Narthwestern Hawaiian Islands.

CONCLUSION

Miles beyond ovr islands fie vast expanses of ocean isolating us fram the rest of the

world. We have been privileged to live here in our unique island state. Natural beauty sti !

prevails In all the main islands; from Hawai'i's volcanoes to the steep cliffs of Kau'ai's

Waimea Canyon. 8ut through the activities of man, sections of these main islands have

been abused and overdeve lope*

The Northwestern Hawaiian Islands are our last hope for preserving land and endemic

forms of plant and animal wildlife. We have a responsibility to future generotfons of

Hawai'i's people to perpetuate the unique unspoiled areas of these islands.

The future status of the Northwest Islands is unsure al the present. Federal officials

are not ogainst the vsoge of the islond waters for a fishing area, bvt they are agafnst this

industry if it would have adverse effects on the wildlife and their dependence on marine

resources. If it is determined that there are enough resources to exploit, a base line of

regvlatfons could be agreed upon between state and federal officials. This list of

regulations would allow proper and sensible usage of the resources by the state while

protecting the Northwestern fsionds wildlife, keeping the delicate ecosystem in balance.
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THE TERRITORIAL BEHAVIOR OF TH" ae"z""=':" a mrZO
by Barbara J. Thompson, NcKfnley High School

Abstract

Practically no imfo~tion is kaama about the behavior of the fresh

mater ~hrao anio reeds  zehra fish!. !tp prmh1mz mas to find some evidence

Precefig page hfaah
2I'1

that the zebra fish has any territorial instincts, and if so are they de-

planed during grcpsth or born instinct. Tc do this I had to design two

riments to test this idea.

The eznsrtment destdned shoes �! that the ~ehodanio rerio has '.ez-

ritdsrial and aggressive instincts~ �! that the zebra fish can be clas-

sified as either dominant or nonMondnant, �! the dominant zebra fish will

be ~re aggressive to~de other dominant zebra fishes that to non-do!n nant

";.s, �! that isolated zebra fishes has sham no aggressive instinsr '. to s

different species of fish, vhich mph' indicate that the zebra fish response

>~ vtsual stimuli of its snecies, but not towards others, �! that ist lation

cf the zebra fish causes severe aggressive behavior, but no te~torial be-

...eior, mfh'ch ~@ ir.die-"te th,.t te-r1t'.rial behmvtor is .devtsboped'thou,,h'

growth~ and �! that the control Brachgdanio yes& has to a certain degree

both territorial and aggressive behavior frotu birth and that it deve'ops
continually through ~h.



Introduction

The ~Brac rdmio rerXo is coemerciall, !z;own as the a~bra fish. The ho-

iaontal strioes on the sides correctly defines the nave.

In mg experiment dominance is Judged upon the amount o" terr'' tory a

~r~ism defends. The greater the area the greater tiie dominance of th4

,".ish. The fish with the 1ea.-,t ament of area werc deZined as non-dominant

aebra fish. As the experiment advanced, area of the fish were changed to

re~cticn times.

We definition that I used to describe territorial%ca in the aebra fish

is when the defined dominant fish uses its aggressive instincts to repel1

another fish out of its o~ically Re~ined area in which it gsn rally con-

fines itself.

Aggressive instincts in ~ experiment is de.ined as a physical a tac~

or nevemants directed to renelI another fish.

Ne definition for a reaction tc another fish is when it charges i.t

nc~ behavior genera11y being observed in its species

Fighting methods can be distinguished as i chasing~ intraterrf,torial

fighting~ or boundary fightir~. Chasing mM intra'mrrit~r' «1 ."i:htizg

occurs when a fish enters the territory r f another fish. Boun>ary fiWti~",

tsua11y happens when neighbori~ "ish fight for territories.

~ problem was to design an experiment that could test the sabra *'ish

for territorial behavior  if any! and to find out when developement of this

&havior started. Also to see if isolation of the fish is a ma]or fac wr

~ this developement
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lbt~r tails eat "et,hoic'crv

PHASE. Ia

~this phase, I obtained ten sabre fish, ten one-gallon tank bottles,
ten cardboanR squares, and standard fish tank equips»nt. These natsrials

vere need to iecQate the fish, and perhaps to fuUg develope their ter

ritorial and aggressive behavior

Firet, I placed cc» sabra fiah into each of the battles. Then l plscsa

the cardboard equate in the middle of the bottlea, 5am I kept the teap-

~ raturee, feeding period, and the light the ~. Leave the fish tn this

condition for three weeks.

PHASE IEs

~ia phase E nseded one ten-gallon fish tank~ one plastic fish ta.-.x

divider. I then kept the fish in this condition for five days, Then ! re-

moved the divider and recorded the reeulte. Then I repeated thte method for

the remaining fish.

PHASE IZING

Inn1ts phase I needed theeqntpsnnt Iran phase II. I needed nce tn

deeinate the ament of doeix»nce in the sabra fish. I need ay definition

fraa the introdnction to do this.

PHASE ZVs

KH phase of the experijssnt vas ~ to shoe the reeMte of adding a

third isolated sabra fiah to the boondaries of the dchainant and non-doab»nt

aebra fish For mteriale and mthode refer back to Pbaee Xi ~

Vhla ie to test two isolated norwfoeinant zebra fish towards a isolated

doainant sebra fish, Then I again changed the testing fish to an isolated

no&oeinant sebra f ishn

PHASE Vs

1n th1 ~ phase nf the esper1snat I seated te sse tt a dtIIerant spec tee

eroeid effect the sabra fish. Materia].s and cathode are the sass as Phase !7.
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PHASE 9>
Tiidihian naieriale are angel fish, aeerdiails ~ gagaiea, and nanna.

lusted of using testing fish use these fish as replacements.

PHASE VIs
~his Phase I wanted to knee «hat «ouM happen to the fish that are

not isolated and are tested in this mar  Naeoa I-V! I then repeated

the phases using non-isolated sabra fish,

PHASE VIII
~is final phase I wanted to lmow ff territorial behavior is devel-

Fish Descri tion Testi Ão.Date
6~7 0 nan

6/24' 7 rv 9.0 sac.

8.0 sec.

9.0 sec.

9.S sec.

9.5 sec

5.5 sec.

6,5 sec,

6.0 sec.

7.0 sec.

4dO sec ~

8,0 sec.

7 ' 5 sac.

Dominant A

Dominant A

Mon-Dominant B

Do&nant A

Non~ainant B

6/4/77 9wordtail

6/24/77 V

6/24/77 vI Angel Fish

6/24/77

6/24/77 VII Dcsainant A

6/24/77

o/~7

6/24/77

Non Dominant B

VIII Dominant A Neon

Ncn-Dominant 8

7/Ol/77 IX Dominant A

.7/Ol/77

Dominant 5D7/Ol/77 X Ncn-Dominant B
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oped Qmnxgh growth or is natural instinct» I first obtained aebra fish eggs

eM then waited till hatching. After birth I put the fish through the same

experiaants as final grown sabra fish, I than tested the fish every three

wanths Each group of fish  control, non-isolated, and isolatedjcout~

ten sebra fish,
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Conclus ken

'shia experiment sh~ that the dominant Brachydanio rerio reacts faster

tc~s an dos@nant sabra fish than to a nonMoainant one, Reaction time

proves this statement» Reaction of the sabra fish towards another species

of fish can be sussserised as tollovss

 l! If the speciee is larger than the sebra fish and if ef a different color

no aggressive and territorial behavior vas exhibited.

�! If the epeciee ia the eau color patte~, bu» largsr, m4 %~~sr, the

sabra fish appears to display rm aggressive action or territoriality

�! If the speciee of the teat fish isjthe ~ in cise, but different in

color, the sabra fiah ehowd territoriality and s~ aggressive action eoee

of the t~»

�! If the ~ciee vaa the s~ sise and color pattern, it shoved both

territorial and aggressive instincts

In ~ comity tanks  non-isolated!, the sebrs fish did not appear to

establish a stable or set territory. The non-isolated sebra fish, that vas

designated dominant, reacted faster tovarde a non-dominant sebra fish than

to a dominant one, The non-isolated nonMomiaant sebrs t'ash reacted faster

to other ~omiaent sabre fish than dM the isolated nonrdoikinaqt one.

It appears that isolation has a definite effect on the territorial instincts

of the Srae~hanio rerio. !h-isolation hss the same effect as that of is-

olstion, vith a fev exceptions,

In continuing art vxperteent I have found that the sebra fish has its

aggressive sad territorial Cehavior at birth. And that grovth of the or-

ganise develpes its behavior ~ Isolating the sabra fish at birth causes a

greater amount of aggressive and territorial. than through grovth. So that

scientists venting greater behavior should use isolation.
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SHARC
by Narvfn J. Sanlano, Kaual High School

Q~~o

%hie paper iieemeeee the-biology oi' the shark, I rill
4iecuea aueh thinge aa the poeition of the fine, the 41fferencee
between the tulle boy f iaheok4Bld the Shah' ~ chart teeth chart
chin~ the abeence of the erie bbNer, reproduction, theirwenee
of aaell, t?kkr eence of eight, their eeaee ofWeriag, and
a special cease a~ rhieh eeaaeree changee fn ike eater.

Introdr~rc i pa

'Ihe ahart ie one of the soet ayeterioue,, aa rell ae the

~ net Iiemketetood of all the ocean creaturea. Zn thin paper,
X hoye io ~ighten eoee people about thie beauti' ~al.
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Elasnobranche are of all simte ~ and shapes, contributfag io

thefr aaaafng diversification. A oa the very ablest, !met nader

25.i centinetere loni, .to the rare 12.192- to .' ~.288-neter giants,

the shark has the sleek, supple, torpedo-shaper. bodice beaotifully
deeigaed for swift and gxacefal yroym1ekon.

Topside froa bov to stern there ie the first dorsal, second

dorelkl ~ and candal  tail! fin. ill the nndereide ve see a pair of

the pectoral and yelvic fins. %hind the latter, fn the nate, are

the claepers  reproductive organs! and, jmA4a Dont of the tail,

the eandal yednnele. Pire gills are seen- fm front of each yeitoral

fin. The ay0a are on the side of the head, vhfeb fn aany are cov-

ered vf% a freely noring lfd, called the nfotatfng aenbrake The

opening behind the eye is the eyifao1e- � yart of the breathfng
apparatus. The nostrils are at the tfp of the anent, and the ..

aonth,' creeent-shaped vhem closed, ie oa the mdernfde of the

head.

The yoeftfon of the tfret d~ial ffo fa relafleC to 4Le

sh~~e ow'fieifoi 4peed ~ ZR the Riot! Pelagic HCMe~ the

first dorsal, belay rigid and placed well forwLrd, aoef Ately

acts as a stabilizer, vith the pectoral and pelvic fine checkiag

~ xeeeefre rolling in evfaafng. %en a shark charges after its prey,

the. pectoral fine are probably need for steeriag, and act as brakes

at the point uf attack.

~: Oak- tirsi-OneeeeteeOi~ shark-he aust have reaj.ized hav

different ft ras fran other ffehee. Racy also have three unpaired
04s! the dorsal, caudal and anal. Net instead of the f1aehy
shark fin ffrned uy by a fraaevark of gristle threadei the stiff
gyrsal ffn in the spiny-rayed ffeh has bony rage &th needle-@harp
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Caaaoa ladle........ a .. e. ~ ~... ~ Shark

Ph j lQ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ e ~ ~ s ~ a Chordata

C 1 8 8 8 a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ a ~ ~ ~ ~ ~ Ch M dr i ch th f os

Sabra ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ a e ~ a ~ ~ ~ ~ ~ ~ ~ a%4$0obrQchii

Parts of the ~shor

1. tireC dorsal'- cia

2. Peotoral fin

Second dorsal fia

4 Pelvic fin

5. Aml fin

6. Nostril.

7 ~ Caudal ffn
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points mteading 'beyond the veb af thin, enveloping cskin.

the cost baaie Ciffereaee ia in the type~ drrelopaent cf

the sheletOI It is as}e of eartil~ -lik0 the tisane that f oraa

and holds ihe-shape of the tip of a hnaaa nose. aad. onter ears.

Arts ot the sharV> ak4Atea,. sech as' the vertebrae, are hardened

by deposits of liNe, bit this. 4oes aot aake it-bene tissae. The

~ fa ealetfied aa sell, bet it ia still a cartilaginona structure.

i ed& hu ne ribs aid its backbone extends all the say ia-

te W M, vhile ia bony fishes it ends rhaae the tall begins.

'Ae ahaz4 ahQl ia-eence ef- oae pDee~ «4thoet aeaas "Ia other

fiahee, the ebL11 bones ia the mhryo are aeabraaaa. of ~~

tissu Wet later hmmea into boeas, vhic3a Xiaally beaoae-t4raly

~F4 by Smterloakiag sXee4~ bi%a-of beaa in ts~~aad-gr-ove

fashion. heather difference in sharks is that the upper b'av is

loosely sleag onto the- shh5,1.

Serpite- their>ardneas, sharks' teeth are not aade of bone

~ -ore ~lokalis~ ~cleae -We-4kffereaoe.beCAceen %hark ts&th

4heee-eV ether verteLratea 4s est only one of derelayaeat but of

eheaical ceapoaition.

sharkskin haa,nova cf toothlike spikes, These are ambe4d.44

ever We entire bevy,. iaeloding-the fisc. The deatioLea, or akia

teeth, atop growing after reaching a certain siss, and aa the saark

grove, nev denticles are added between the existing ones.

%e ibaeaee= ot-~4a blalker -cr aoae aiail~ organ pats

the shark at a distinct disadvantage. Pelagic shar3ca have to

asia eatfmaoasly to eaintain their position at any parMalaa

level ia the sea. If svimNg actions should stop, the shark

roaM sink to the bottoi.
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The reason that sharks aust avoca to stay alive, and can

not stop to rest, is related to the differenoe fn their gill

structure. Lacking operculum as a mechanfcal aid, the on1y

way active sharks can obtain oxygen is by the floe of eater

created by the current awhile they are in motion. k shark ie

not normally a bottom-&seller and will rest on the bottos of

a tant only shen it is sick or fnJured.

In their breeding habits, the shark is sore highly advanced

than the bony fishes, reporducing sore like a~le 'L'he fesale

produces fee young, but developsent of the eabryo takes an

unusually long tiae, Their eaccess in populating @he ocean

eaters of the world is at least partly due to their eethod of

X'eprodectfon.

kn outstanding feature of the sharks fs their extraordinary

Senae OP Seel'. a prepcrticnate~ large Share Of the Shark'8

brain is given over+o the fun5tion of saellfng. rhe forward

part has tro forks extending tovard the nostrils os either side

of the ssout, and their perception fe so delic~ that a -shark

can actually steer itself up a scent trail auch as an airplane

follows a radio signal. 'When it first picks up a trace, it

may veer baclc and forth, establishing the direction Xroa vhich

the scent coaes.

The sense of sight anong elasaobranchs is far lese acute,

though they gee probably not so nearsighted as they vere long

p~~ly believed to be. Mther, because their eyes have only

viseal rods that distinguish between light and dark, but no

color-dfscWafsatfng cones, they probably see only shapes, and

detect aoveaent better than precise fora .
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Like aoet fishes, elaenobranchs probably hear very little.

Weir ears are aainly balance organs' eoytaining the sea%circular

canals which inform the fish of changes in direction, acceleretion

or decelaration and whether it is right aide up in the water.

Were are no aain channels to the outside of the head, however~

nor is thee an eardrua for detecting sound waves.

Concentrated on the heads and faces of both sharks and rage

are stmall sense organs sunk at the bottoa of pits, each with a

ainute pore to the outside of the akin, which transmit vibrations

anl changes in the flow of waters 5n the head, these orga=.s are

highly modified to fora what me.called the eapullae of Lorenaini,

very deep canals filled with a !ellylike substance which apparently

register changes in the teaperature of the vater.

Because the shark is one of the acct mysterious an454le
in the oceaneP I feel that ve ehoa14 know aa auch aa poaeQL1 ~
about then 8y knowing ~e-about thea, I feel that-ve -can

leesen our chances of shark-attack. 2 hope that this report
haa helped people to beiter understand the shark.
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SEA ANEMONE: LIFE ANO SYMBIOSIS
ARITH THE CL NN ANEKNEFISH

by Vivfen Higa, KUbasaki High School

Sea .4neccres -re often seen mchcre~ to the creel r efs by divers. Phase

bright aad, beautiful smimals resemble magnificent flayers Clarnfish are almost

always seen erimming neariy ~ For scca reas~ that is still unkncarn t= scient-

-ists~ sea anemones seemingly c.~t live without the clean anemonefish.

'Jhe reasm for the research vms to learn about the sea anemone ~L clown

anemonefish's ray of heir>iag esh other to eaxvive-
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METHODS GP BZSEJLT~CH

Information was gathered by msearc10ng several bccks "nd by personal ob-

-servatior Irving down on scuba, I observed end tested the clo n anemonefiah's

protectiveness of the sea anemone by cmmhing ~ knife through the anemone' ~

tentacles.

R=SULTS GF BRQMtCE

The results of the test turned out useful We clam anemonefish, residents

of the anemane being tested> vere ver.;. disturbed end Inredi=tely stared attack-

-ing. 5hey did. not appear to be afraid of the is,rge diver that they vere up a

-gainst and they repeatedly charged and nipped at my gloved fingers whenever

I returned to;:i JQu re-ching distance of the sea anemone.

DI~SSIOF,

The sea anemone is an animal with a column base and an oper~ at the top

which is the mouth. Wound the n uth are beany tentacles which h.".ve stinging cells

or nematrmlasts which ~ hoaks that are connected, tc a venaa gland by a hollow

filament. ~s hook is "eleased st the slightest contact end hooks ~to the

flesh of the fish which made contact with the tentacles. @hen the hock is in the

flesh, venom is released and the fish is paralyzed. The ish is then iizewr. into

the mouth with the tentacles» ~se stinging celii can j.ill sny fish from 4

to 5 inches> except the Clown enenonefish. ~ Sea Anemone eets small crabsq

fish snd scmatimes sea stars» Yature sea aneaones can be $ inchq ar grow to

more than $ feet in diaster» The sise varies by the kind of species.

reproduce by budMngq dividing into two or by hgring eggs» 'They ~el by ri+

-ding on crsh's backs ar sliding very slowly on rocks, Sacs specfss can swim

but not effec% ely»
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Ke Clovn anemonefish sad the s anemone exist together in e meter call-
~d symbiosfs» ']he Clam anenanefish Aves among the tentacles of the sea an-
~mane because it has carplete immtunity against the deadly poison of thc ';t'og-
-ing cells» 'Ihe CIovnfish has full protection from it's host 4 1 rye fish
viU. not go after a Clavnfish hiding among the tentacles of the anemone became
the fish would be afraid of the deadly tentacles that could paralyze it» Yet
first» the Clavnfiah must go through a paid~ int=oductian with the ea an-
-manei Xt brushes against the tentacles and gets stung but gradua11y develo,s
an immunity ty that particul~ anemane's toxin» Lf the anemanei'ish has "eft
that sea anemcee for a vhile and returns> or if it goes to a nev anea:one, it
aust go through a reintroduction with that sea anemone»

~ anemanefiah, while taking shelter among it 's host> feeds the sea. ane-
-mane» Sometimes it vill lure a fish into the -"ea ane=ane's tentac'cs which
vill then be stung> paralysed and eaten Ihe Clovn anemanefish feeds off of
the scraps» The Clavnfish also protects the se= anemone by attacking ~ mt-
-ruder ma~inC threatening moves tovards it's host, but the sea anaaune c~ de-
-fend i>self by curling it's tentacles invard» 'Ihe Clovn anemonefiah vill use
the sea anenone to protect it's er~ by laying them "t the b-ee of '.he ec. an-
-emone sa that he Clovnfish does not have to worry ebout it's eg s,

CGSCLUSIQf S a

~ugh personal obsezvatian and researching many articles an the sea an
-emone and the CIavn anemanefish~ I canclude that the symbiotic relationship
af the tva exist and that each depends an each other to da it's part i' or the
life af both animals» 'Ihat vithaut each other they would probabQ die out and
in time~ become extinct

231



:-OCK

Bmhsbaeas Ralph 1976. kEIY~ iGTBCWZ BiCKEOIIES. 2nl ZDITZ $.

Coustea~ Jsoques-Mes> 2l.ole, Bd.lipye. 997I. IZFE AND DELTE Df L XML SZk.

Cillett, X,> HeSeillz Z. $959 THil GREEIT EkZ~ RZZP AHD kDJL~ ISLES+

Ihnbury Press 197$ OCKJLK WORLD GF JLCQV~COU9TEh, volume ! 6, 7 8 17, 2O

Field &tenses Mxeatiaasl Co~ticei 3969+ W8RLD HfCICZDPRDZi volume S

232



THE NY OF THE S U1D
by Deborah R. Krumpelman, Kubasaki Hfgh School

Nan who has been forever entranced by the mystergts of the

sea, will begin to unravel them untilj he is fully knowledgeable,

I%an has progressed but tjp mystery still survive, Here I will at-

tempt to describe a fraction of the mysterJJ of the sea through the

life cycle of the squid.
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REPRODUCTlON AND BIRTH

Kt is fasdnating to see wildlife and birth, thereforawhen
I

two squids mate one's famfnation is obvious. Sexual reproduction,

more complex than the simple asexual meethod, is the form used by
4the sq Od. This me0thod holds great responsibil!ty on tha male

species in order for succ.ssful fertilization. The male must

find a fixed location for mating and not allow the female to leave

untilI the eggs are laid. Afterwards he guards the fertilized eggs,

Many of the more advanced species carry internal fertilization

which is more succeessful for fertilization and protection.

"When two squids mate, the male uses one arm to grasp his

sperm packets and i uce them into the female's oviduct, thus

~f'orming internal f'ertilization. �!
After fertilization the female squid lea~ her young in a

gt$atinous mass called " dead man's finger's . This is very

unlike her cousi~ the octopus, who fiercly guards her young untilI

they hatch. Dead man's finger's are cigar-shaped cases that con-

tain hundreds of eggs, which are sometimes found covering the

ocean floor, C'ace the eggs hatch they begin an indeperknt life
but few survive, because during the early stages of birth if water

tempaature is not just right then the eggs will die ~ Certain

crab=- and fish also feed on the newly born.

The young who do survive can grow to be from twelve inches

to fifty feet long and w 3 ~~ 0p to 400 pounds. For example the

giant squid of the cold northern oceans are known to be the largest

invertPbrates. The largest aouid ever found was fo»nd s10nded

at Rahneim in No,~ay in 1954.

a"

Volume 6, p. 48
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PEEDINC HABITS

The squid locates it's prey with it's highly developed eyes

and captures it with tenticals or arms. Squids have five pairs

of arms. Eight are called arms and two are called tenttcfks.

The tentacles are twice as long and lighter than the arms. Fig I!

The underside of the arms are covered with disc-shaped ,".ones that

function:. as suction cups. Attached to the floor of the cups

are muscle fibers that help create the vaclume. In the middle

of the ten arms is the beak «hich can bite and tear off largr

laces of flesh.

The diets of the squid de-

ends on the habitat where

hey live. Most squids eat

hrimp and fish. A squid mi.-

ht dart into a school of

oung fish and quickly

itic a fish.

LOQNNOTI OH

It is fun to watch squids swimming gracefully through the

water, But then one wonders how the squiC manages to move 80

grace f ul ly.

lfater is forced through the venteral tubu ar funnel  Pig 2!

thus providing locomotion, The force made by the water leavine
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the funnel steers the animal in the opposite direction. This

funne can force water in or out, to make the animal move forwards

or hazards. If the animal deCides t~ move faster for excape
swimming it simply applies more force on the water it expells,

Squids are very f'ast and adapted to swimming in water.

They are able to dart very fast and some of the movements they

create in the water are beektiful, The squid is also able to

hover in one place for a long amount of time, that in itsel. Rs

the reason why squid's attain the highest speeds of any aquatic

invertebrate ~

INK CLAND AND 1.U; INESCEPlCE

The colors in the squid are made by chromatophores in the

int-gument. When the cel]s expand and contract the color is changed,

The cromatophores are controlled by the nervous system with vision ~

as the maen stimul44s ~ FIC I

ALot of the deep sea squid

become bioluminescent, «hach

means they have luminescent

photophores

An ink-producing gland and a secfeteing duct that opens
~,~<at the rectum Just behind the the anus secretes a highpof me14-

nin pigment which is hrown or black. This system of' protection

fools of' bewilders thO predator of the squid and enables him to

escape it'" enemy. The !arge ink-producing gland is located in

the area of the intestines, Whe~ever the squid is frightened it

lets it's gland toss the ink at the ~red4tor and quickly escape.
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IMPORTS.FACE TO THE ECONOMY

The most common ecOnomic impot~.ance of the squid is that it

is used aa seafoc4 in many parts of the world, I am most familiar

with the way in which it is eaten in Japan and the surrounding is-

lands. Squid id eaten most of the time iaw. When in soysau~s

ra» squid, in my opinion can be quite tase ty. Another way it is

eaten is fryed in deep fat, when this is done it is called Tempura.

Other importances of the squid is that Whales which are

very ecbnomically important eat squid and therefore the squids

help keep the whales abundant in most ~aters. Some sperm whales

have circular scars on their bodies from a struggle with a giant

sAd, Squids am also used as bait for catchirgcertain typts Of
fish,

- � -Personal research and observation----

I !iave lived aro hand the ocean fo approximatly nire and a

half years, this time was spent in She far east on the island of

Okinawa. During this time I have been fortunate to learn alot

about the creatures of the sea, I have seer. squid 'n the wild

and watched t? cir behavio. ~any ti~es while snorkleing, I ?.ave

found that the squid  In the Far East! are very curious, yet shy

and timid, Sometimes when one got very close I would reach out

for it and immtdiatky it would dart away while at the same time

squirting a cloud of ink in my direction. I have caught a few

but none were large enough fo use for bait ok~at, Squid are .
very tasty ~ many times a member of my family would bring one .'.

home and we eat it while it is fresh so that the natural ta"i.

remains.
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CONCLUSION

Now that I have explained part of the life of the squi8
as best as I could, I would like to ask all people whc live by the
ocean and who might visit it tdhelp conserve the beauty of' the sea

which is probably one of the last of the untouched parts of nature.
He who learns f'rom the sea will become wise because he has

seen what beauty the world has left.

The squii I think will always flourish, Shnce the li fea

style of the squidO permits the continuation of' the species
by the production of many eggs. So I cohclude this report.
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PORTLKiUESE iV ii-QF-'iiAFi,
"FLOAT1NG FAMIl Y" OF THE SEA

by Lynda J. Soares, Sacred Hearts Academy

ABSTRACT

At certain times of the year, Portuguese-Man-Of-Mar wash
upon the shores of Oahu. The enemy of any beach go-er, this

organism i»nowt for its notorious stinging powers. Although
it is the painful sting which warrants its reputation, this

organism's compbex biological composition deserres mach more

acclaim, I hope to bring out some of the lesser" known as-

pects of this creature's eMstance. I hare not studied this

organism thoroughly, but I find it to be one of the most

fascinating forms of sea life.
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At select tiaes of the year, transparent blue bubbles dot the beaches

of Oahu a@i other tropical and eub-tropical cliaates. Coasonly referred to as

"Portuguese Nan-afar,» these ~+e blue "bubbles" are the eneaiee of any beach-

go-er. As anyone «ho has ever hed a "close encounter" «ith one of these creatures

«ill attest, it is not: an easily forgotten experience. Although it is this an+

iaaf pah~ sting «hich «arrants its unpopular reputation, its couples biolog-

ical coapositios 4eeirves such nore acclaim than it nccmlly receives. This is

the baeio goal I hope to achieve in this report. I have not covered each physi-

cal aspect of this organisa coapletely, but I hope to present sore of the lesser"

tao«n inforsation. Therefore, I' ll begin here «ith sy report on

"Portuguese Ihn~f&ari
|1oating Faaily of the Sea»

Junctionsc Organ.sas Within an Organiss

On the surface, the Portuguese ~fWsr appears as a single organiss.

In raakity, this one creature is really coaposed of four different anisal

bodies, each responsible for the various life functions,of that one orgsnisa.

A Portuguese Naawf Vsz is a aesber of the Polyp fasilyi a very close relation

to the QHyfish. The four aain «orjdag bodies cf the polyp lie under the blue

"float,,» «ithin or above the Tentacle structures. The orgms «hich «ork «ithin

this cosaunity are the Feeding tentacles. the Stinging tentacles, the Digestive

~and. the Reproductive organ. Each colony is dependent on the function cf

the next. Since each aust contribute its service to the «hole organise, an in-

terdependent fancily systea is created. These are the Functions «hich the four

colonies provide s
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frag& e bine bnMLle ie not o!Qf an cxaahecltatioa ~ It flxnctionl eo
the navigator for the entize Weeeel ~ %be capability aC thie babble to inflate
ead deflate itaelf oontzole the eyeed at which it aovee. b~rr than it ls «ide,
it sag eleo be flattened or bzoeiened, aad contorted to alnoet cay angle. This
eeaatQNy controls the dfzeoticeal noveaent Thee the thy' blue ~sail~ is
rea11y aoe of the naia organs of the aninal. Incidentally, aany wonder boer the
acne "Portngaeee ~f- Mez cene into existence. With the "sail appearance
and obviom Jetutgl eneequenoee which follow, theee eea dwelXeze were dabbed
after the old worId. eaULing eh%ye of the tine. Xo racial or ethaic emneotion
whatnot'r nezeIy a coincidental "1ook-a-l&a~.

Qeler an average babble of cdght iachee ia length, lie the feed.iag teata-
oleei Capahle of being lowered to a depth of f~ feet, or zetzactei to a fee
helms, these gather the food far the entire bogy,
8»ee entangle snail epecineae while floatiag ia the water. W the fish straggles
wi~ the tent4Lcle'a gzaep> tiny poison ducts in/cot a veaoaoue ~aid into the
vietin'e body. The teats.ee then retract~ br%aging the food to the digeetim tzct
opening. These feeding teatac1ee also waHc with the othe~ tentacles.

"Seauritg Nmnzde" act "food tzapmeza" of the organiea, theee reek cloaely
with the feeiiag tentaolee. Located on the tentacle fores&'.mte of thin oolaay
eze snail yoieon aayemlee Rmwa ae neaataeyste. These oaymlee wiU. ~ct poison
into coy faeoe «hich threatene the well-beiag of the orgnnisa aei its "faaily'.>
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Tbie colony ia presented with the food retrieved by the feoiing and tbe

stinging tentacles. The digestive organ aeetwMtee «nd distributee the nutri-

eute ~~ 4o all othe funoticwdng ooloniea.

This ia perbays tbe aoet couplex of all facets presented bere. Although

each oology nay reproduce throe gh aaemml laxhiing, ultiaately the whole cmgan-

iaa nay reproduce sexually. Tbe only difference ia this i only the repreductive

organ carries out the whole pre~hire. There ie only one exaaple which waul

illuatuate this y!intc Xaagine a single horse responsible for giving birth to all

other horace, cows, chickens,end doge on a Aua. That eyatea can be labels! oaly

aa ooaylexf

XKQ8KK

One of natures"e little kacnra wonders, the &~~i Naemf&ar aay

be the hhel biological balance. Tbe principle of four different, yet vitally

fucntioaing cellular colones, ooayoeing one eqyed.aa, ia the ultiaate exaaphe

of oell ape~isation. The reproductive ynxmae, though not fully urderatood,

euploya bath asexual aat sexual reproductive cathode. OvezaD, the balcnoei state

of this polyp ie achieved only tbrcegh the ocabined efforts of ita daughter

organiaaa. A couaunal life support eysteu tbua eetahUal»a the Pcctuguese ~f-

Var as the "floating fancily" of the aea.

244



245



Human, Libbie H., 19&4,, "Portuguese man-af-war." Collier' s

Aller, Robert C., 1966, The Sea. New York, Random House.

Walker, Brazg l97$g Oddball Fishes and Other Strange Creatures
pitthe Oee New .York, Sterling Pohlfehlng Company.

246



COIL CRABS JN HAMI?
hy Ju4y L. Green and Anita B. Yadeo, Pahoa High Schoo'I

igKZgg

In these Hawallan waters there are about
one hu~sC d.itferent types of czabe erouad. the
shores ax@ ~ow reefs, soaa even in the deep
watexsj of the ia4eda. Soae types of crabs are
~ Cihle ant others are not.



Introduction

Crab is nn animal that fs covered by a hard s'hell, and has jointed
le,.s. It lives in shel.loM eaters along the shore, and also in deep eaters.
Some crabs live in hurrah's in the banks of salty tidal streams, others live
in f reah ....~ter.

T!ic s~~llest crab - are the tin; pea crabs. The female pea crabs live
in the sheltering shells of love oysters. The shape and relative si.-.e nf
the bi" clues of crabs differ greatly anong Lhe species. Sone cticks are
s <.. err, and have paddies on their last pair of legs. Any crabs ron
side--~sys on the sand or rocla of the seashore. Crabs eat other small
rustaceens and arthropods, and organic matter.

Crabs are taken in nets end vfcker traps.
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The crustacean nost highly priced aa food in Havaii is the Kana crab,

".a"..ira sert~to, f;.'.it!' ",anlnidae, called ~pa'i qua 1.on. Thence animals are

noc ahundanC and are prised so highly Chat for manage to get into Che mar-

'kets. Kona crabs are denizens of sandy bottons at depths exceeding '2n feet.

During the d y they are mostly buried in tbe sand ~ vith only the front part

of Ch 1 ody, and Che eyes visible.

'.Eost crustaceans are nocturnal animals, vith secretive habits in day-

li�.ht, thc shore crabs of the family Crapsidae typically cravl along ChS

vater's ed,",e during the day. Those are knovn by various P~iian name:

NX>il vai, 'alaalhi, and 'a'aua.The 'a'ma is t'rapsus pransus, e crab of Che

roc!cy shoreline Chat' ves used as a ceremnial sacrifica as veil as for t'nod

in eIrE to mid. Islanders caught' this elusive crab vicb a line Snitch with

'opihi. geversi old chants concern the shore crahs; inclodingt

5lack cra5s are climbing,
craha from the !;ruat
sea c'.iat is darl:ling.
alar!. Cri'";.-." - ".-- cr-.hs

scuttl» o' er the reef.

eben you drags a large piece of coral rock out of the vater. and breaks

it a~art n' th <s~c~. an amarin number of tiny crab.-. scurz. o:.C from armnfi

c':o ',capri<. '.est rf ~hcsr crabs hnlon~ to the femilv yenchidae. Although

~- sn Island snecies ot' this family are eaall, one is

the prominent crab, Cerpilius maculotu~ nay attain a I»n»th nf f inches.

+ty92ch E a wv <~ ~~~a +i'm 4'~ »art'r Et z7q f E ann w h th»»vc»nt E ~n ~f c»r+a < 1

poisonous vari»ties called bile, AEch v»ra u»»d b-, Eeet usa En sarcer

~~t'>»~ ~~«~t ~~~~ n< cr»5~ ar». the sf>inc czah~. n< th» <»»Elt

P'nrtnnida». The Last pair of legs on these crabs, tsodified as paddies, so
e a»rt<v t-. ~m~1 ctten throu"�h tW» vnt»r Chat they arc rec~ised as the

>pyzfol a~3 q t '1 s eH~rs of al 7 or~hq ~
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Despite this nststn= a%flit~, man. s~end s >sr-e ~~rt nF the - tf~ hi ~~d f~

the sand.

burro'.4np in the seed is even more characteristics nf the Res; era~a,

family Calappi'dan. The body shells of crabs in the genus Cslsppa hav..< ~

winglf'ke expansions that cover their legs. Soveral species, i"iaac .,h~JLs are

covered with knobby protuberances, look Lfkc rocha until they move.

The ghost cr bs, which cortpri-e the family Acyaodi 3ae, are prominent ala~,.

the waters edge on sandy bcachis. Thc cr..!;s di"�burred fn the sand fry which

they crier~a and scavenge on bits of ood a~. - he debris erat .gs .zs. e

on the shore. Their burrows are readily racomf=e by t' he conicaI pile of sand

next to each entranc~. Ghost crabs aro !Qghly active anfmals th"t scurry

sccross tho sand with ana.".ing a-illty. The. o ie their now" to their b'.cached

colorntfon, s festur tha= serves them well as canoufla"e against a background

of white sand. Si�nificsntly, the ghost crabs Living on the Islands' black

sand beaches are themselves dort "rey.

Hermit crabs, papa'i fwi aalu, comprise a mecislizcd family, tNe Pagurf-

dae, that is adapted to life in abandoned gastropod shells. t.'hereas the abdo-

men of a typical crab fs turned under the forward part of fts body, t.sat of

hermit crab projects bac';rsrd as a soft. banana-shaped structure that ffts

into its adopted hcee. The front end af tea-..s cra4s ".nn 'he ".ard covering

typical of other crustaceans, and when the crab has withdrawn inside fts

shell, its right pfncer, larger then the Left, serves to close the entrance.

As a hermit crab grows, ft must periodically replace its borrowed shell

with a Iav�er one. «.'hen a prospective re~'ace~..",t i."- !nu".."., t a era' cora

fully eaamfnes ft with his claws. If the shell is satisfactory, t',c crab qu'

quickly transfers hfs vulnerable abdomen to the new home. Sometfr.~s one crab

will attest tc pull another !r r. o particular'Iy '~«rs ta s~efT.
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'.any I'.rY.I' era~s EnhPit s> allo!r water, t".e r«ost catv«o~ ~f " '- !'.!�.

specteo of the genus Calcinus. These crabs often congregate under houI.'.srs

are overturned the crabs scurry in all directions. The largest of !!awaiian

hermit crabs, Dardanus punctulatue, usually ocei~ios t",c s'.el'. o. t'.e tr!

good aquarium pets. This and other hermit crabs make good «ruarfu . p~t".

Like rest other crustaceans, hcrI"..It crabs readiii accept Wite of fish or

mollusk neet, and a single piece, once e week, will t eep one well and active.

The common sand crab. A seashore animal callod a camtaceans  crus-
ta- shans! They are called this because of the ha+I crust which takes
place of bones that are on the outside of the animal. The body H' the

crustaceans is jointed. Crustaceans ars. also.called douMe-jointed

animals." this animal is quick ard activo. In Its movements. The lo ~
never s.-~m to get In the way of each other. They move forward or sideways

Ltd aU. the same to this speeay sand-racer.

Ccr~n crabs can wander away from She seashore and remain in the air

a long time. The gills are so modified that they actually serve as lungs,
and the animal can brethe moist air.

beany crustaceans are under loose stones in shallow water. Th y liv'.
among the brown seaweed that grows close to shore. Certain crabs hide among
the branches of coral colonies, A littlo white crab lives in the sand at

the water's edge. If it gets uncovered it buries itself again in the wr i
sand. They always dig in backwards.

The eggs of the mother crab hatch Into tiny larvao which swim to - ir-

face of th water. The larvae shod their skin s:.'a.�..l tines  molt! an.'
finally change into tiny crabs. They continue to molt during thier grow-
ing stages Intil they become an sdu't. Shen the larvae is swimming alot
is destrcrgd by othor ani".mls. A few d v-logo into crab .

Hermit crab- can be faumi under stones close to shore. This crab has

stjagge +bits. It finds a mollusk shell and bali'r. i.nto it.
0'rapsbM cr«' e have round or smIuarish bodies.:-..e o" th n s.=o ou'.

of the mater a<mt of the time, or cladlbming ov"r the roc!.s.wear' the shore.

Cthe@a hide under atones in muddy places. A large amount of "rodk <zabe"

=== to b fo~xl in "'n~ oi 'at-r. They fin'. concoalmcnt under roc'cs close

to shore. Zn some crabs the ca~pace is smooths othe~, it nsy be rou"�h or

251



covered with lo~ hairs. Some rock crabc have flat «alking legs '"t',> sharp

~~c.

Cmbs with long legs ~ small bennies are callus Spiher Crabs .
e.-.all ones may bo founrl amo~~ e,eaweed.s on the reefs. Larger ones live in
deeper water. one taken from Pearl Harbor measure@ two feet from tip to tip
of its logs when spread out. The bodv less than five inches across.

Among 'ozanchin con& is a good place to find, certain kinds of crabs.
smooth-becWK ore call< Tape,ia  Tra-pe~%a! «ith werm colors brown,
r Marsh, or spotted are not found anywhere else these crabs can give e

sharp pinch.

The cham ion e«immexs are no«n by the shape of the last pair of legs,

There flat like paddies. Host of these crabs also have long pairs of legs.
�"lender I..m a~ capable of z~nnI,n~ swiftly, as «eII as 8«imning.

The "Sonoan" crab is a s«amming crab. Tt «ra introduced from the south

ecas into 'Yewali, where it has ~13tiplied rapidly. 3ccause of its larke

sise ami huge claws and legs, it is an Important source of food- the
crab lives in canals or in th mcuthc or rivers where the water is not too

aa'-ty.

!!efezcncee

IIa«aii's Seashore Tteasures by: Cllntloe "rowatd Mnoneon

:: v briinn ""c- ., Dl3 Jy "0 eo ~ .8.,'@Ted S. ena I:. rr. 0 nv~ lronoluru

Univ. rarity I'tees of Iraiaii I".72
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SHARKS
by Debbie L. Kubera, Pahoa High School

INTRODUCTION

Sharks have been around in the oceans for mnre than 25~

million years. Very little Is known about these creatures

because man has thought of them ae dangerous species af the

deep sea.

Sharks have no bones In their bodfes, but tbry have

large cartfledgevWkoh substitutes for their bones. Their

jars are strong and their.-htomaches.- are eosmh, mo+%ht& 8 I-

gestf ve system allo~a them to digest almost anything.

The sharks body can be broken up and used for many

useful thfngs such as, soup, ofls, Jewelry , souveniers.

leather, etc. ~ .

hs a supplement to Haeaff's food supply, the shark net

nat be imparted and therefore prices for shark products waul~

be reasonable. The best shark fishing areas are fn southern

Oahu, so the industry could easily be bssed In Honolulu where

sales. processing and profits ~auld remai~ fn Hawaii.
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SHA RKS

Sharks are chiefly marine ffshes and are found .In all

Seaa, but are eepSCially abundant In trcpfCal end SubtropICal

waters< some species regularly inhabit fresh water. Unlf ke

their close relatives the rays and chimeras. sharks are f'iah-

1fke fn form and have lateral gill clefts. Most of them are

of moderate or large size, the largest living sharks attain-

ing a length of over 40 feett fossils have been discovers~ ni

an extfnct specfes of Carcharodon which attafned an estimated

length of' 90 feet. The aa.jorfty of sharks are gray ]n color,

and have leathery skfn covered with sharp, pointed scales

which are known as placold scales. Sharkskin Is used In

coeaarce as a source of a fore of leather known as shagreen.

k shark' s aouth is located In the underside of the head, be-

lo» the anteriory projecting snout, and ls studded with numer-

ous sharp teeth sfmllar In structur e to the placoid scaled nf

the skin. The fine are not unusually larger shark's <Ins

rarely protrude above the surface of the wate" when the fish

are swimming close to the surface. The tall has two lnbes;

the cartilaginous backbone extends Into the. upper lobe o~ the

taf1. Shark flesh is coarse but edfable. The fins abound

ln gelatin and are used fn the Orient ln the preparstfon of

a rfch, viscous soup. Sharks llvers yield an of 1 which Is

rich in vltaains h and D.

Most sharks at'e carnivorous. feeding on ffehes,

uch as the basking shark and the'whale shark, fee~ nn

254



La

I
CP
O



plankton, strainfng ft out oi the water wfth thefr e eve-

lfke gfll rakers. The c eatures are sctfve and agfIe. Key

do not turn on thefr backs when about to bite. Although s~me

specfes are known to attack man, the great maforfty of sharks

are not man-eaters> the baskfng shark and the whale shark.

whfch are the largest 1fvfng sharks. are har«1eee and they Ro

not attack man even when harpooned . Of the msn-eetfng sharks,

«any are nor«ally tf«fd, attsckfng only when fncf ted by the

smell of blood. One of the dsngeroue species fs a fresh-

water gray shark whfch lfvea fn Zake Hfcaragua, Centra!

A«erfca, and attafns a length of '3 feet.

Shark lfver yfelds valuable nfl contatnfng large

quantftfes of vftamfn A. The ffne are r fch fn geist'tn eaH

a:e used fn the Orfent fn the preparstfon of soup, Other

commercfa1 products derfved from sharks are a durabIe leather,

maRe from the hfde. and meal and fertflfzer, prepare~ f'r~~ ter.

carcass.

Angelffsh fs,fust another dffferent specfes of the

shark famfly- Efther of two raylfke sharks of the genus

Squantjna, known also as the angel angel shark or monk Cfsh.

Ets pectoral ffns are greatly enlarged and resemble wfngs

or a monk's hood, whfch accounts for the names. The angel

shark sttafns a sfze of from 3 o 6 feet, and is harmless.

Its food consfts prfmsrfly of sheIIffsh. Tt fe common fn

the Nedfterranean Sea, and may be found near both the ess+-

em and western shores of the warmer parts of North Amer fc~.
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Hammerhead shark, common name for any shar'k on the

genus Sphyrna, characterf @ed by a flattened pro]ection nn

either side of the crown. The eyes are sf tuated at each

end of the rubberlfke pro!ectlons. «hfch enable the shark

to maneuver skillfully when chasing its prey. The hammerhead~

is a voracious. ffsh-eating shark which reaches a length ot'

16 feet> it has been known to attack men. It'fs found in sII

«arm seas and comes as far north along the Atlantic coast or

the U.S. as Massachusetts. The female hammerhead incubetis

its eggs «ithin its body cavity. Pive species are known c f

the Hammerhead .





DANGERS DF THE SEA







Intro due t ion

Ciguatera is a neurotoxic fish poison s! known since the

16th century. Generally, ciguatoxic species are limited to

those fish that feed on algae or detritus of coral reefs,

especially the surgeonfish  Acanthurf.dae!, parrotfish  Scaridae!,

and the larger reef carnivores that prey largely upon these

herbivores  Banner, 1976! ~

The symptoms of ciguatera appear from about one to ten

hours after a toxic fish is eaten; those moat commonly given

for the illness are: weakness or prostration, diarrhea, ting-

ling or numbness of lips and hands and feet, confusion of

sensations of heat and co1d, nausea, point and muscular pain,

inability' to coordinate voluntary muscular movements, difficulty

in breathing, burning urination, and itching. Probably the

most common diagnostic symptom is the tingling sensations in

the hands and feet, frequently described as like "pins and

needles" or "electric shocks", and the feeling of heat vhen

cold nb!acts are touched or cool liqui.ds are taken into the

mouth. Light cases may not exhibit these sensations. The

gastrointestinal distress of ciguatera is usually of short

duration, but the neural symptoms may last for many reeks

 Randall, 1958!.

Since ciguatere has some intriguing chemical and

pharmacological properties, it ls a very challenging research

problem. Also, the disease presents a serious threat to the
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further economic developeeat o! the fishery resources of tropical

Pacific  Hessel and Halstead, 1960!, especially crucial to Ha«mii

since its fishing areas are restricted.

Methodology

Nost information in this research paper are taken from

references in Hamilton Library and NcKinley High School

Libra~. Some vs~ important details were obtained through

conversation with Dr. Hokama «ho is in charge of the

radioimmunoaseay program for detection of ciguatoxin  Dept.

of Pathology, University of Hawaii!.

Historical Background

The earliest reference to ciguatera «as published in

1955 generally credited to Peter Nartyr, the first historian

of the West Indies. Following reports of the disease «ere:

Spanish explorer Quiros' entire crew was poisoned Prom eating

"pargo" in 1606 in his visit to the New Hebrides, Anderson's

doctoral thesis in which he reported on more than 60 speciea

of poisonous fishes of West Indies in 1829, Steinbach's paper

of 1895 on the poisonous fishes of the Nashall Islands

 Hessel, 1960!.

ilthough ciguatera has been known since the 16th century,

researchers knew very little about its pharmacological and

chemical properties and nothing about its origin until the

1960's when there were many attempts to purify the toxin and
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to develop detection methods  Hessel and Halstead 1960!.

1964, the toxin was first successfully extracted  Scbeuer, 1964!,

More biological investigation into the disease ras done by

Cooper, Banner, Bagnis, and Randall in the following years of

the same decade. Tn 1976, the origin and transmission of the

toxin were completely confirmed by Tasumoto et al �976!. In

1976, a radioimmunoassay, a ne» and more quantitative detection

method, was developed to replace the sub!ective bioassays of

mongoose and cat.

Distinction from other marine toxins

The poisonous fishes of the tropical Pacific have been

divided inta five ma!or categories. The best known group is

that labeled by Halstead �967! as "Tetrodotoxic" which the toxin

is confined within the puffers species, and its chemical structure

is completely locid. The second type of intoxication is caused

by a toxin produced in the early spoilage of the dark-f'leshed

tunalike fish by the action of the bacterium proteus Nor anii

that reduce histidine t~ toxic histamine and possibly related

Products  Banner, 1976!. Halstead �967! called these fishes

"Scombrotoxic". The third type of intoxication, less well kno»n

and studied, is labeled by Halstead �967! as "ciupeotoxic" and

been named "hallucinatory mullet poisoning," and ciguatera is

the fifth type of intoxication, the most intriguing marine toxin.

Unlike tetrodotoxin »hich is produced by a single family
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of fishes  puffers!, ciguatera is aot cor fiaed to any particular
species of earl.ne fish. Unlike scosbrotoxia, ciguatera is
not caused by a bacteriua. Ciguatera is distinguished froa
"hallucinatory mullet poisoning" by the hallucinations aad by
the lack of gastrointestinal involvement frog the various
aul1et toxicity. Banner, 1960!. k3.so, ciguatera is not confined

I

The definition of ciguatera is rery ambiguous: �! there
is no specific fish ae carriers, because Halstead�967! lists
orer 4P! species as ciguatoxic, including both cartilagxnous
and bony fishes; �! there is at least one or Iore toxic coe-
pounds in the ciguatoxic-bearing fishes,

Biologica3, patterns of ciguatoxic fishes

Ciguatera has regional occurrence. The toxic-bearing
fishes are liaited to the tropics and subtropics and to coral
reefs. Although the poisoa «as first reported in the Caribbean,
the @oct recent occurrences are in the Pacific. In both the
Pacific and Caribbean, ciguatera seeas largely confined to
islands and is not found along continental sirens. The only
aa5or exceptions to this rule are the coastal eaters of Florida
aad the Great Barrier Beef of Australia. In general, alaoat
any of the islands of the Central Pacific, and, to a lesser
extent, t".ose of the Indian Ocean and Caribbean Sea may hare
a fe« species of fish that may be sporadically toxic  Saner,
1976!.

Within a kno«n toxic area in Gilbert Islands, aany speciee
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of fish become toxic. Apparently all feed either as herbivores

on the benthic flora of the reef or ascarnivores on the benthic

feeding herbivores. Nost food chains are from tish to fish,

but at least one carnivore kaown to be toxic, Yonotoxis

a --*

 Randall, l958!. Zn Gilbert Islands, a species of fish may Mown
to be highly toxic on one reef and the same species about 100

yards away to nontoxic. The toxic-bearing fishes may disappear

from a given area and appear in an area previously free of

poisonous fish.

within a toxic area, not all fishes are equally toxic.

Teen fish within a population of a single species are not

uniformly toxic. The toxicity is correlated with sf.ze, the larger

the fish the more toxin it may contain. Ho«ever, a sma'1 fish

can be strongly toxic, and a 1srge one can be weakly toxic or

even nontoxic.

Chemical Esture

~any attempts had been made to purity the cigustera poison

from the fish. Scheuer first successfully extracted i highly

purified homogeneous sample of toxin through the solubility

series of organic solvents  Scheuer, 1964!. He named the

extract ciguetoxin. Lt is a transparent, light yellow, viscous

oil «hich he «ss not able to crystalite. The toxin is unstable

and loses toxicit in contact with air, light, and

chromatographic adsorbents  alumina, F|orisil, or silicic «cld!.

To some ext"nt, activity is lost even when the sample is stored



in chloroform eolution in the dark at -20 C. Although ciguatoxin

behavee homogenonsly on successive thin-layer chromotography

 TLC! plates in different solvent systems, it is questionable

whether it coneiete of several closely related compounds or

whether it hae a tendency to deco~pose. The combustion data

gave the emu.irical formula 0f  C~~H6~ HO~!  Banner, 1976!.
Ciguatoxin may be considered to be lipid containing a

quaternary nitrogen atom, one or more hydro%pl groups, and a

cyclopentanone moiety  Scheuer, 1964!.

Detection Methods

Until 1976, the most effective methods oi ciguetera detect-

ion were bioaeeays of mouse, kitten  Heesel and Haletead, 1960!

and mongoose  Banner, 1960!. A centrifuged aqueous homogenate

of the poisonous 'ieh tissue Xe infected intraperitlonally into

the mouse and causes a reaction of ciguateric nature, but the

problem of false positives and insensitivity of the mouse

weaken the accuracy of the result. The kitten feeding test «ae

also proven imperfect. Since the poison causes the cat to vomit

its food, the amount ingested is therefore inaccurate. Later,

Banner found that the mongoose, Her etes mun o, reacted with

symptoms similar to those of the cat and also similar in

some respects to those of the humane, and because of legal

restrictions of the uee of cate ae test animals in Hawaii, he

used mongoose for bioassay of the cXguatera. He classified

the reactions of the fish tissue to mongoose in five stages,



based on the maximal zesponse in the mongoose within 48 hours

after a single teat feeding: 0, no reaction; l, slight ~~ak-

nese and flexion of the forelimbs; 2, slight motor ataxia,

more pronounced flexion of the forelimbs, and weakness of the

hind limbs; 3, moderate motor ataxia «ith weakness and partial

paralysis of limbs and body musculatuz'e; 4, acute motor ataxia

and extreme weakness, capable of only limited movement, or coma;

and 5, death.

The bioassay using mongoose is very sub!ective and not

totally re1isble since it requires a very experience person

to determine the differences between a symptom of stage l+ to

a 2+. Furthermore, the mongoose used are not homogeneous since

they are captured from the wild, thus they mav react

differently to the toxin. The mongoose also vomits its food,

hence it is difficult to calculate the correct dosage given,

Therefore, a new and more precise method ia needed to detect

the presence of ciguatera in marine fishes.

In 1977, Dr. Hokama developed the ra<:ioimmunoaesay test:

couple the radioactive matezial to sheep anti-ciguatoxi~

  ~I labelled!, count the amount of anti-ciguatoxin I
bound to the flesh of fishes, and analysis of the antibody

bound by theY'-courter. This test examines the toxin in tish

tissue  high counts are positive and low counts are negative!.

Rabbits and sbeep were used for raising the antiserum to

ciguatera  Hokama, 1977!.

The results of the radioimmunoaseay and mongoose bioaeeay
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have a fairly good correlaiivr. It was found that counts below
~50,000 CPM/gm is a 0 reaction in the mongoose test, between

350,000-399,999 CPM/gm is a 2+ to 3+ reaction, above 400,000
CNP/pm is a 4+ to a 5+ reaction. Thus, the radioimmunoassay

is the only method used at present to detect ciguatera,

Conclusion

Inspite of the complexity in many aspects of ciguate. a,
some facts which «ere once mysterious and unknown to the research-

ers are now becoming lucid. Ciguatera occurs from eating

cXguatoxic fishes which are associated with the coral reefs

and is widespread in the tropical Pacific and Caribbean.

Biological research has shown that.the toxin originates from

an unknown marine organ' sm  dinoflagellate! associated with coral

reef and is transmitted through the food web. Ciguatoxi~ was

purified and some of its chemical properties are known.

However, its chemical structure is not yet fully understood.

n the earl'er days, bioassays of mouse and mongoose w re used

to detect the presence of toxin in fishes, and thee~ tests have

been proven to be subJective and unsa,tisfactory, thus the

radioimmunoassa�' test was developed for its sensitivity and

practicality in detection of ciguatera.

Further studies should be focus to simplify the as ay for

toxicity because the toxin endangers both the public health

and the growth of future fishery indistry. The ultimate goal

is to develop a simple test kit for the fishermen so that they

can distinguish a toxic fish from a nontoxic .ish readily
after the catch.
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STlNGS: THE VARlQUS TYPES KNOWN TO QKlNAWA
by Janette Spencer, Kubasaki High School

INTROOUCT ION

Land aud sea share some things in common. As on the land ve lfve, the

sea has many dangers. One of the dangers that divers and recreational svtmmers
encounter are stfngs from various types of sea creatures. I have concentrat-

ed on Okinava, the Ryukyus Islands, as a main topic to research about the

stings that have occured oa the island and to emphasfxe into the vonders

of those sea creatures.

The mafn purpose af thfs report is to ffnd out more about the sea - fts

creatures � and about people vho may have gotten stung by those poisonous
creatures.
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Tha Ryukyus islands are s rrounded by two bodies of water. the East

China Sea and the Pacific Ocean. Since there is the ocean there are ocean

lovers who love to explore the waters of Okinawa. Some of these people

have experienced danger and may have encountered some of the various poison-

ous creatures of the ocean.

To obtain information about the waters of Okinawa, I have visited the

University of Ryukyus to meet Professor Tamaxato. T conducted an interview

on 21 October 1978 at ll:43 a. m. to 12:14 p. m., in ?h'. Yamaxato' ~ study

office, room 207.

I began my interview by asking about the moat cosxxoa stings that occured

on the island.

He replied that to his knowledge, he thought the feIIyfish  medusa!,

a member of the Phylum Coelenterate was fairly co|maon. He discussed a case

that occured in July 22 of 1970. h group of students from the Gushikawa

High School took the Teruma course for a swimming trip. Soon after the

students started to swim, they complained of stinging on their arms and on

other parts of their bodice. After close observations, the stinging was

found to be caused by a very tiny medusa, approximate1y 45 mm. in diameter.

The creature that st+ the students was classified into the Class � Hydroxoa

and was ca11ad Sarsia. The condition of the stings were much similar to

mosquito bites and alI students who swam got the infection. hccording to

the students, t' he pain on the area where they got stung continued for a while

and took weeks to recover.

to«thar vali-tao«a atfatar f ~ tt«Port«tera aea af var.of P~tea-it~-

hi~~. hctually, they are a colony of polype. according to Mx'. Yamaxato,

they arrive on Okinawa after the month of September, brought by wind currents,

another common sting is caused by the coral. hlthough it doesn't move,
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the coral is a living sea creature, too. h slight scrub against one, would

cause pain, and cuts that may last a few dyas.

Few af us who valk along beaches can resist picking up and admiring s

shell. If it is a large clam shell we msy take it home, perhaps to use as a

baking dish. If ve find lots af tiny shells with holes in them ve may string

them, to wear as a necklace. Or, some peaple may be collectors, identifying

and saving every type of shell they find.

However, there are dangerous types of shells to be found an Okinawa. The

cane shells in the class of Molluscs are one type. They usually attach

themselves to areas near the sandy bottoms. Seing killed by a cone shell

is not sa comma here an Okinawa. The incident may probably occur only once

in about every ten years or more,.according to Ãr. Yamasata.

@hen I asked Nr. Yamazato about an interesting creature he quickl,

respanded that the spanges � Porifera are the most primitive of the multicellular

animals. And, they are often thought to be the most unusual. Secsuse of

their lack of mobility and their plant-like appearance, sponges were wideIy

believed to be plants until the early 19th century. Nr. Yamszato replied that the

Zaoanthics - in the Class Porifera very much interests him because it is ten

times mare toxic than the puffer fish.

Another harrassing sea creature is the crown-of-thorns starfish that

eat up the large masses of corals farmed on Okinawa. The best vay to treat
p WE t'lit

a crown-of-thorns ~ is ta suck the blood fram the inured area so that

the poison vill not go through your skin. 1't is similar to the treatment

of the habu bite.

Pw w c&ic
The condition af the crown-of-thorns bise vill vary with the number of

spines that atta+ the skin. There have been no deaths an Okinawa in the

past years, from s crown-of-thorns 444e. However a queer, unusual case was
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develaped when a man was found dead oa the shores of Miyako Islands in 1951.

Biologist who've studied the case predicted that it was caused by excessive

stiaging by crown-of-thorns, but this is aot yet provea, aad the case still

lies unsolved.

hccardiag to Mr. Yamaaato the toxin that the crown-af-thoras hald

in its spines are not yet knawn.

But it is best aot ta criticise the crown-of-thorns. Researchers in

the University of Ryukyus are actually studying about a!g ~se4ve way ta

use the toxin ia the hormoaes af the crown-af-thorns ta make a medicatioa

to cure cancer' .But further information wae nat available at this time.
'I

There are also types of stiagiag grass, ar sea plants. They are the

bluegreea-type sea~sad called Lynguayia, that grows oa rock and an areas thst

the oceaa can reach. It is almost like algae snd when it makes contacts

with the skin, it starts to sting about 8-10 minutes later. The type af

seaweed appears thread-like and feels like cottor. balls. It is usually

red-violet ia color or brown. There are eisa same green ance taa. The

seaweeds are faund in large amounts in Kaheluu Bay in the western area an

the Big Island of Hawaii snd also an Okinawa.

I was ane of the peaple who have had some experience with these dangerous

sea creatures or plants. It was on the summer of 1914. The exact date is

July 5, 1974, when I went to a swimming picnic with my family to the Imbu

Beach, located in the narthwestern part af the island. I was standing in

the water when I accidentally lost balance and layed my elbow part af my

arm to a rock to grasp for balance and I soon felt something stinging in

the weakest fleshy part of the arm. There were six or more green clover-

lookiag things stuck oa to my arm. Since I was frightened with shock, I ran

to my mother to ssk far help in removing the weird ses pleat. Men my mother
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eaw the plant, ehe couXd not identify the stiag, aad rushed to a nearby

restaurant to aek for vinegar. %bile doiag eo, I rcaeved the green particles

from my arm myself. kftar doing eo, the wounded area became white aad part-

ially shriveled. Xt was probably aa indication that poison vas iajec.ted

ia the skin. Soon I bcgaa to gct chills and I developed a high fever.

Ny mother brought the vinegar and poured it all aver the wouaded area. That

relieved some of the pain but aot quite all. Some men suggested to rub

sand ever the wound to relieve tbc pain, but according to Nr. Yamazato, this

would aot have done anything better to remove the pain anyvay. I did not

get any medical attention and in one day, I recovered from the chills and

the fever. But the scar still remains on my right arm.

I' ve have also had some experience by getting scratches from barnacles.

Barnacles belong to thc class Crustacea and are ceiled Cirripcds. They

~ re often found in piles by the ocean and attached themselves permanently

to a rock where the body of waters will reach than. I' ve also gotten the

chills from barnacles, but the scratches recovered in a wack.

Although not too connnon to Okinawa, Okinawa vas invaded by sea wasps

in the sunnner of 1978. This member of the Jellyfish family is quite capable

of killing people and fust may be one the most serious problems tc face

the waters ~

Native go Australia, where many people arc killed by this creaturn

each year, they have progressed aorth over a period of years ea become quire

coanoa in tne Philippines. They exist there in large enough numbers to be a

real hanard to swinnners.

Uatii thhs year, thc eea wasp has been ell but unknowa on Okinawa..

One wae sighted near Maeda Point in the summer of 1972, aad oae was seen

near thc refinery island on the Pacific side in the summer of 1973, Earlier
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in the summer of L978, reports began coming in of aightinga all around the

island. Moat of them vere not single aightinga, afther, but' generally spoke

of seeing seven, or four, or some other groupings.

The serious part of this problem ia the fact that this creature fs

highly poisonous and can easily kill a pe=son. An adult sea vasp vilL hav»

tentacles vhich are 12 to 24 inchea Iong, and these tentacles contain the

stinging calla. Vhen a swimmer touches these cells, he is injected wi,th

pof aon i

The world' ~ foremost authority on the sea vaap ia the Cceaenvealth

Serum Laboratory fn Melbourne, Australia. They eatimat ~ that coming in

contact vfth aix meters of tentacles vill tiLl any adult'.

The three hfts on Okinawa so far this year since the aK-.~arance of

the sea vaap have luckfly been a] fght brushinga with the anfmals. Tvo mrfnes

and one Okinavan have suffered the excruciating pain that comes from the

merest touch of =his creature.

The hits here on Okfnava vere all in three to four feet of water, The
'f h tlonset of fmmediate excruciating pain fs the main symptom. ALmost fn-st-.~ous

paralysis or coma can result, and death is possible in as little sa thirty

seconds. The victims here were hit on both the Pacific and the Chins Se-

sidc of the island . A11. of them vere 5n sandy bot'tom areas .

If you or someone else gets hft, DO NOT ATTEMPT TO RIPE THE TKNTACLES

OFF THE VICTIM. This vill only bring more poison darts into action, The

tentacles do not die. These pnematmcyata are like loaded guns. They remain

dangerous and ready to shoot vhen someone pulls the trigger. The tentacles

may be lifted off the victim. Vsa ~ towel or some other protect'ive material

aa cloth, to protect your hands. Satheming the affected aeea with methyl

alcohol may bring some relief.  not ethyl! other things that might be used
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for first aid would be ionia, vinegar, cola, neat tendariaar, baking soda,

or other aild acids. Nona of these will fix it. Tbe very best you could

hope for would be a alight lessening of the pain.

The sea vssp, which bas a clear jelly-like appearance, is capable of

awisming quite fast for a jellyfish. It bas been astiaated that it can do

tso to four knots, «bicb is faster than ewiawer can sustain. Luckily it is

not agressive. It will not swia after a victim, it doss not attack anything,

and it is not looking for a ewi~r for its next victin. To get hit you aust

go after the wasp. Since they can be tound at any depth, even scuba divers

wet uae caution while diving. paralysis at 60 feat csn be s very serious

condition. This haa ended ay report. Ihich of the infaraation of the sss

«aap and ~ Jellyfish were taken fnm the recent issue of the 0~k~

taa c fas.

I would like to conclude that fam my knowledge, stings awe caused by

the s«issssr' ~ aisjudgeaent, although soaetines they are not. If you don' t

bother the creatures, the creatures will aoat likely not bother you,'

Men you wish to enjoy the «atera around Okinewa think twice and be

cautious, and don't nake the aaae aLatake aa aorta other swimmers have

experienced.

"Swia at your own risk", sould be a phrase that I would use to advise

those people «bo enjoy arising on 0kb'.
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SEA PRODUCT ALLERGlES AND THEIR PROBLEMS
by Arlene D. Baze1l, Pehoa Htgh School

ABSTRACT

Our oceans, vast and bearly explored,

are finally receiving some of the long-overdue

research as the field of oceanography opens

up. Our oceans are looked toward for food,

fertilizers and other minerals, energy and

recreation. But with all the good comes e;e

bad. As more time is spent in the ocean by

man, and as more sea products and by-products

are develpoed, produced, and consumed, the pro-

blem of ocean related allergies become appar-

ent. How, Xf possible, does man overcome thi s

problem? It may be easy to stay out of the

ocean or not to eat fish, but what of the

thousands of products. which use soa b�"-pro-

ducts as additives, such as toothpaste, pud-

dings, lcecream, and cosmetics? Does .h's

open up a whole new field of marine immuno-

logy?



I ITROMC TION

When spoken of, the term allergy is often thought cf

as sneesing or hives caused by hay fever, milk, eggs, or what

have you. But as the ocean is turned to as a resource for

various supplies, such as food, minerals, energy, etc., another

cause of allergy must be considered: The sea product al.lergy.

'Perhaps the most common of the sea product al' ergy is the

allergy to the mollusk and anthropods  generally refered. to

as shell fish" ! These foods, such as shrimp, lobsters,

etc., are usually easily avoided, with strong will power.

Llso, generally easy to avoid, is the allergy to all fish

as well as shell fish. But the more complicated the allergy,

the more complicated it is to avoid. The allergy to sea pro-

ducts and by-producta is one. It is thought that same af

these patients are allergic to iodine or iodides which are highly

concentrated in sea foods and sea life. Zn this case, contact

with the smallest particles of seaweeds or any other sea life

w.old most likely induce a reaction. T'hus, even a small cut

on what seems to be a clean, ocean rock, may cause a long

termed healing and a life long scar.

Sea by-products may be present in foods without our
being aware of them and many such sea products have
not been well established as being allergic in nat-
ure. Consequently, some allergy patients will rea-
lise that they cannot tolerate eating a specific
braid of a food, such as icecream, but may eat an-
other brand without difficulties. In these situa-
tions, it is often an additive that is used in the
food whig! they are allergic to that gives them
trouble,
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Whale oil and ambergris are important factors in manu-

factoring of cosmetics and pharamaceutical products. Thus,

fust applying make-up or taking certain medications may cause

a reaction.

Another comment on the sea product allergies, by Dr.

Carl Lehman of Straub Clinic, was that a hay fever type reac-

tion is possible. He suggested that on those days when the

ocean can be smelt miles from shore, perhaps what has happened

is that particles of sea life may have become air-born. Ss

a person allergic to pollen would get hay fever, so might the

person allergic to sea products. Little research on this sug-

gestion has been do..e, but it is quite possible.

The reaction to sea products and by-products allergies

may range from simple indigestion, to nives and swollen Joints,

to suffercation. Quite often a person may not react one time

but another. time he may.

Xt may be remembered, too, that whereas the reaction
=pen n ay be very prompt and obvious, ' t

also may be oelayed for several hours, or perhaps
appear or.ly as a c.~ulative result of re~eated fee-
d ings ..'.~2

The cumulative type of allergy usually starts off mildly

but may w" san ':5th each reaccurance.

When a person comes in contact with an allergen, the al-

lergen stimulates the person 's own cells to release histamine.

If the per -cn o.-.i," encounters a small amount of a '--- 1, onjj
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a small amount of histamine is realeased. But prolonged ex-
posure to the allergen, or massive amounts of allergen enter-

ing the body will cause large amounts of histamine and heparin

to be released. In esence, the allergen 's stimulating the

body to poison itself � produce an autotoxic condition. The

body cells seem to have a memory and each exposure to an al-

lergen may cause a more rapid or a larger release of hista-

mine and heparin. Thus, the allergic response can act in a

cumulative fashion. This cumulative response, 5n some cases

can lead to an anaphalatic reaction and even death. So al-

lergies are a greater problem than most people realise.

Generally speaking, an emergency patient is given a

dose of adrenaline to speed the blood flow, thus causing the

poison to pass quickly. However, as in my allergy case, the
adrenaline may cause a patient to go into shock if he is sen-

sitive to the drug. To avoid this, many doctors will admin-

ister smaller doses at first and increase it if needed.

".=-ug which may be used is Terbuline.

Nany allergy reactions simply take the form of hives.

Home treatment of hives can be a problem. Most important is
the prevention or elimination of the itchiness. Por this,

soothing lotions and creams are sometimes helpful. Soothing
bathe have been used for many years. Cornstarch, oatmeal,
bran g baking soda, tar or pa tass 1 um permsnganate may be add ed
to the bath water in proportions that only should be suggested
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by a doctor  particularly when using the tar or potassium per-

manganat e. !

KETHODS

The reason I had picked this topic is because, after I

was deeply interested in oceanography, I learned that l wag

seriously allergic to a'l sea products and by-products. Ny

allergy was the cumulative form and my blood system reacted

with hives, !oint swelling, itchiness, and adventual suffo-

cation if X am not cautious, with every digestion or touch

to an open wound with fieh, seaweed, or other sea life. The

ee.a 'by-products in everyday " .-.zs, such as tooth- =

dings, perfumes, ar..~ cosmetics would cause hives and sever

headaches.

After seeing an immunologist, I went on an elimf.saticon

diet, aliminati. g as many sea products and by-products as

possible. Once my system was clem of the poison, the diet

was not as strict. Fish, shell fish and seaweeds were avoided

�-products were allowed. This diet works, to this

day, with need of an elimination diet only occasionally.

I am one of the rare individuals who has such a strong

reaction to sea products, but I could probably very safely

venture to say that many individuals unawaringly suffer rom

ea product allergies. As we increase our u=~ of sea prod c~~

medical related.problems will come to the surface.



Emotions seem to play a large factor in my allergy�a" I
imagine it does in other allergy cases too. Alle gy attacks

seem to come more frequently when my diet is not watched strict-

ly, when I am getting over a cold, spend fatiguing hours cram-

ming for exams, or have had an emotional strain. Physical, em-
otional and mental condition- tend to have, also, an effect on

the severity of the attacks.

RESULTS

Vith a11 of this, many of my friends and relatives I,hought
that I wasn't being practical .or sti11 perouing an educa.ion
in oceanography.

Rut still, I persue my interest and have received consi.d-

erable encouragement.

...high motivation enables many individuals to over
come a lot of hurdles...+~

...allergic conditions may prevent you from obtaining
first hand personal experience with some marine sub-
jects of stuc.ies, but we see no reason why it should
seriously handicap you in seeking a caree in marin»
biology... 4

I learned through inquireries to numerous laboratories,

that there are so many areas to oceanography, that only specific
areas require field work. Actually, entering the sea is not

totally neccessary! There is laboratory research or technical

assistant, aboard a ship or on land, studies done with specimen

held in aquaria and handled with instruments or gloves, working
with preserved o. fossilized specimen, aauacultur or even
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studies on the allergy itselfl That is only the beginning. There

is still marine illustration, textbook wzitting, education, etc...

CQHCLUSIOH and RZCCONZNDATIONS

My education in oceanography, as it could be for others, can be

in any of these areas. But, thus far, zy ed~cation has taught

me something else, something I could not have learned Lf not for

my allergy. It has taught me more patience and caution, w.'.en

handling sea life, to appreciate the sea, even more than I did

before, and awareness, of the foods I eat and the additives

present in them.

I feel that my allergy was not meant to stop me ram my

interest in oceanography, but to deepen my respect for .he

There are ways to overcome such problems this allergy can cause:

To be more cautious with the things you handle, use of a wet

=uit is ar. added protection or for an even safer route--to

persue interest in laboratory work. But by no meany, should it

stop ycu. A sea product al ergy, .o a stude;. ~ of ocearog."=-r.�.�

is only a hurdle, and «hat are hurdles meant for, but to over

come?

FOOTNOTES
Pg.

+1 Dr. Carl Lehman, M. D.

2

+2 H. W. Bottomley, M. D.
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FOOTNOTES

Pg. 5

«5 Albert C. Smith, Ph. D., M . D.
The Oceanic Institute, letter of May 10, 1978

«4 Faith Schaefer
Sea Secrets staff, letter of April 25, 1978
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