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PREFACE

This volume of the proceedings of (he Pourth Annual Studsent
Symposium on Marine Affairs, which will be held on January 11-13, 1979,
at the University of Hawaii Manoa campus, contains thirty-four papers
in ten categories: marine transportation and energy, the mining of
aanganese nodules, marine polluticn, squaculture, ocean engineering,
food from the sea, coastal recreation:
biology I, marine biology II, and dangers of ths .sa.

marinas and preserves, marine
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SEAFLITE: WAVE OF THE PAST
by Margaret J. Loggins, Sacred Hearts Academy

ABSTRACT

Seaflite was a form of marine transportation which operated
in Hawaii for about two years. Mechanical problems and lack of
public response contributed to its failure. 1In Ey report, I bring
forth some of the incidents which led to its eventual salas. Though
Seaflite failed, I still believe that marine transportation is &
good, possible alternate to other fores of transportatien.

Preceding page blank 3



IITRODUCTICY
SeaFlite was A form of marine transportation whé:h operated in Hawail for
about two yecrs, Mechanical problems and lack of ;ublic response contriuted
to its failure, In my report, I will bring forth some of the incldenta which
led to its eventual salve, I am interested in marines transportition as an alter-
nate to other forms of transportation. It ia for this resson that I researched
the plight of SeuFlite,

SZAFLITS OPERATIONS
On June 23, 1975, in an article in the Honolulu Advertiser, spckesman B111

Henderson sald & part that works the ateering mechanism broke dc 2 and no re-
placement was avsilable., The "Eamehameha,™ which suffered the breakdown, was the
first hydrofoil in commercial use In the United States, Many more problems were
t> follow this one, Just one month lster on July 5, 1975, the "Kamahameha™ was
out of commission again. A faulty bearing in the gear box was hlamed this time.
This wes the third bre:ikdowm since operstion begzn on June 15, 1975. At this
timz it 1a already obvious that somsthing will have to be done if opsrationa
will eontinue,

The "Kuhio® became the next hydrofoll to sncounter troubls, On November 25,
1975, it was reported as having trouble with its diesel electr.icll generator.
The "Xuhlo® was operating at a li-knot c¢lip with its hull in the water instead
of the usual L2-knots on the hydrofoils. The "Kalakaua"™ wus the laast of the
hydrofoils to experience misfortune, It had trouble with a bearing th=t affectad
water Jet propulsion, The "Kamehameha™ again ren into trouble, This time it
was forced to returmn to harbor shortly after departure.



After only [ive rzuihs of operation, SeaFlite had sncountered enousl
trouble to force suspension of services. Pacific Sea Transportation, Ltd., which
operated S¢aFlite refused to give up and tried to resolvas all problems. In a
January 8, 1976, article in the Honolulu Star-Bulletin, it was stated by P.S.T.L.
Sht goar-box modifications were being made. Besides this problem, seals, bear-
ings, and corrosicn caused by salt water were the major causes of the brsak-
downs. One positive thing which happened during thia tiue was the 7,000 people
».0 Jodned the SeaFlite club which offsred a 15% discount from regilar fares.
Still, the load of passengerz was considerably low to bring in mich profit,

On July 9, 1976, the modified jetfoils were reportad as belng bask in ser-
vice and doing well. Major changes were made to the gear-box, SeaPlite officials
were optimistic during this period that Bosing, the coxparyy whick made SeaFlite,
could soon sell their product to oth.rs in the world.

But conditions did not improve and on September 16, 1977, LIV Corporation,
the big Dallas-besed conglomerats, decided %o s'ell its SeaFlite operations in
Hewall. SeaFlite was continuously in the red since its mid-1975 beginning., The
mechanical difficulties prevented SeaFlite from reaching break-sven operaticons,

By Decezher 29, 1977, it was thought that SeaFlite would be sold within the
next month, Even while negotiation. were being made for its sale, SeaFlite was
still experiencing trouble, The "Kalukaua” was undergoing repairs for uamage from
an engine room fire. Also, only 270,000 passengers instead of the expected 250,000
us:d SeaFliite.,



The Fublde Utiiities Cormission (PUC) held herrincs in Januvrv of 1078 on
the sale of SeaFlite, Early in 1978 SeaFlite was finally sold, Public interest
was affected by the sale,

Many people rode SeaFlite just to axperience it. After that, thev went back
to using alr travel. There were not cnouch pesple to use it on 2 rerular basis

to receive any profit. The mechanical problems were a major cause for its sale,

CQ’CLUSION
I think it is still a possibility for the future. lany rroblems have to
be ironed out first; but after this is done, it can become a profitable, resource-

ful business and a good alternative to air transrortation,
BIBLIOGRAPHY
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OCEAN THERMAL ENERGY CONVERSION
by Janice Dang, Sacred Hearts Academy

ABSTRACT
The content of this paper includes what the process of OTEC 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 _tiig world is lqoking for alternate resource energies, OTEC plants

| couid 'be what ve wsnt g



INTRODUCTION

An slternate source of energy iz Ocean Thermal Energy Conversion {OTEC).
This name was given by the National Sclence Foundation and the Resesrch Applied
to National Wesds (NSF/RANN), In OTEC plants there is a 40° temperature differ-
ence betl. een the warm surface and cold deep ocean water, which acte &s the fuel
sourca., The temperature difference causes & renkin cycls to generats electri-
city at a depth of 2000-3000 feet.

In the search for an experimental plant, Hawali seema to have the advantage,
For one thing, Hawali is the only geographically isolated area with the structures,
features and problems of modern western societies available within the United
States. Also, Mawall appears to have the nost attractive water ard climate condi-
tions rlosest to the shore and a sclentific community already involved. Although
Hawall 1s probably the best place to build & plant, many problsms are betng faced.

Another question that nesds to be discussed would be, how will Hawail be affected?



OCEAN THERMAL ENERGY CONVERSION

Ocedn thermal energy is a form of solar energy in which the fuel source
are ocean gradients used in rankine cycles to generate electricity. It requires
large quantities of cold waters of 2000 to 2000 feet deep. The end use of the
energy is changed intc elactric power. It could also be used for marine harvest
or to produce hydrogen gas for water. The resulting fuel is free; however,
the efficlency of a asystem is extremsly low due to thq. small temperature differ-
ence. The capital cost would be $3000 to $4000/XW.

a Process of OTEC

Ocean thermal snergy is nothing mors than a form of a heat pewsr plant.
Basically, 1t deals with a fluid which is called a process fluid that goes around
in a circle. It is a fluld which can he evaporated, It is done in an evaporator
vhere 2 burner produces some form of heat and ralses the temperature of this
fluld, causing the fluid to change to a gas or to a vapor state.

In Ocean Thermal Energy there are two concepts:s the open cycle concept and
the closed eycle eoncept.

In the open cycle, the warm surface water of ithe ccean ix the heat source
and the cool deep water of the ocean 1s nsed for heat rejectinn, Unlike the
clesed cycle, the ocean water itself is the working -ediun.l The warm surface
water is pumped into a flash evaporator which depends on the maintenance of a
yartial vacuum for efficient operation. The vaporized water drives a turbine
Then it Arives a generator that produces electric power. After going through
the turbine, the steam is condensed by the colder ocean water, This water, with
the condensed stean, 1s returned back to the ooz,

In the closed cycls, the principal difference is that heat exchanges are an
interral part of the closed system, That is, & workisnr fluld other than ocean
water is belng used and this fluid is constantly being recirculated. The warms



Schematic Disgram of Closed Rankine Cycls for
Ocean Thermal Energy Convarsion Power Plant
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surface water enters the plant and is pumped through a heat exchanger evaporator
and expelled to the ocean, The working fluld is vaporized within the heat exchanger
from the heat of the surface water. Then it drives u turbine, which is coupled to
a convenitional electric generator. The fluid that has vaporized then enters the
heat exchangsr condenser, It iz cooled to a 1lilquid state by the deep, cold water.
It retwrnes to the hoat exchanger evaporator for recirculation,

Ths closed cycle has practical efficlancles on the order of 2%, This is
dismally low when compered with the 35 to 40 pertent practical efficlencies of
conventional steam turbine plants today.? Thers 1s a great difference in ey ineering
economics between CTE( plants and the conventional plants, Conventional plants
mnust optimize capitul, operating and fuel costs, whereas OTEC plants have no
fuel cost and & practically inexhaustible fuel source. Although OTEC plakts are
thecretically feasible, OTEC's technical and ecconomically feasidbility is still
under questioning., That 1s, an OTEC plant of low practical efficiency might be
feasible if its capital and operating cost can be kept low enocugh.,

OTEC in Hawail

In Hawali, the University of Hawaii recently received a zrant of $50,000
from the National Science Foundation for research on the socio-enomic, enviromental
and engineering feasibility of a site on the Island of Hawail at Ke-ahole Eay, near
Ke-ehole Airport, for an ocean thermal energy conversion facility.3

Ka-ahole Bay in Hawali is a fine area to carry an OTEC facility. As a test
site, it fits the requirements. There are deep cold aaters near land, the temperm=
ture differences with the warm surface water ars 40° to 45°F and Xe-ahole Bay is a
strong technological support base,

Advantages
The experimental program in Hawail, if there 15 a possidility, would offer

a great chance of success, There are several reasons whyi (1) bacause Hawall is
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not exposed to hurricanes that would damage the test platform as in the Gulf

of Flarida; (2) Hawail also has a sufficlent ocean water temperature difference
811 year round, therefore making research all year long possible; {(3) the temper-
ature difference exist all year round and so power can de aoid on an economic

. basis to the local utility company; (&) Hawaii has baen well researched and

and documented; and (5) the water quality in Hawaii is the best available.

Another reason Hawaii would offer great success is that the cost would be
the least in Hawaii. A project in Hawall would require a shorter ccld waterplipe.
Since Hawail is an island, colder water can be obtained closer to shore that other
sites located near a continent. Also, because Hewail is not exposed to hurricanes,
k§ 4 wou]:d be possible to design a simpler test platform for CTEC I. Kot only that,
engineering costs in Hawali are cheaper than the U.3, enginzering costs in the
mainland,

If an experimental plant is constructured in Hawail, Hawaii can make use of
the power generated at an earlier stage in the program development because ths
site in Hawail is relatively close to the shore and the economic and engineering
Problems in running a cable to shore and feeding power into the utiliiy grid are
sinpler. Also the existence of the year round thermal resource will permit the
early use of power from OTEC to replace shore dased gonersting capacity in Hawail.

In Hawail economic cost of operating an CTEC plant would be lsast because of
its year round water temperature difference. This will alise reduce dependency
on foreign‘oil with conatant generating slectricity. This chance would give and

create employment opportunities,

Envircmental Consideration

There are two accounts we muat take in consideration with the enviroment
¥hen applylng the OTEC process. Since OTEC will involvae massive amourts of water,
two major concerns are (1) its effect upon the ocesnic thermal balance and (2) the

larpe quantities of nutrient rich cool water that are brought Lty the resies of
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tropical oceans,

In the deep-ocean "waste water which is rich 1n Plant nuirients must de
disposed of in the best possible way,” Requiring skillful erginesring and advance
Tesearch, four alternativec have been taken Into ennsideration;

1.) The nutrient rich water be returned to the ocean in such a way that

evident biostimulation is avoided,

2.) The nutrient rich water be returned to the ocean to produce uncontrolled,

but enviromentally acceptable biostimulation,

3i) Controlled biological filtration of 4he deep water nutrlents that 1is

prior to discharge into the ocesn curface,

4.} Utilize the deep water nutrients for aquaculture, agriculture or other

uses,’

Problems To Be Solved

OTECis now one of & number of important alternative energy concepts heing
developed by the U.S, Department of Energy (DOE), They study the :problems that
must be solvel bafore ITE:C can supply part of our energy. An obvious problem 1s
the corrosion of metal components in salt water, Blofouling of heat exchangers
and other equipment by marine orgarisms 1s another problem,

Before constructing an QTEC pPlant, the construction of huge bolliers, pipes
and other parts, as wall as their assembly at sea, w11l require new techniques,
A question beins brought up is the stcbility of glant OTEC plants in heavy meas as
in the fea;ibility of layinz ard maintaining long undersea transnission lines.
Another question concerns the lorg range effect of reroving heat from the ocean,
St111 other questions are thosa thaat concern the threats on the snviroment such
&s ammonia leaking into the sea, causing corroding of metal parts as well as
danger to marine life.

Althoueh OTZ mcientists generally feel that as heat isx withdrawn, the ocean

water will retain additional solar heat to maintain its temperature; DOE must

13



be sure there are no 4dverse effects such as a ¢harre in ocean temperature or

even harmful local chanfges.s'

CONCLUSION

The OTEC process as an alternate energy 1n Hawall has been discussed; however,
engineering problems, sccnomic feasibilities and enviromental 1np1_1cations makes
building difficult to upkeep after construction as well a4 during construction.

If an experimental plant 1is built, it would have much success as beconing
&n energy exporter providing a Zh—hou-n;ciny Yearssound power scurce, It would
als20 be & way of gaining energy without pollution to the watars,

One recommendation which has 'béen brought up has been the organizing of a
small team of husinessmen, statesmen, professionals, and academicians as a function
of the Hawaii Natural Energy Institute. This team would be funded by local cantri-
butions and would receive enthusisstie encouragement and support from Hawaii's

senlor statesmen and scientific zommittees,

14
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ACID POWER: OUR NEXT NEW SOURCE OF ENERGY
by Santiago Angelo and Mark McGough, Honokaa High School

INTRODUCTION

Alternative resources for Hawail 1s an area which has drawm
auch attantion 4during the past few years, 4s oll is fast ruming
out as the prime sources of potential energy, man has to rely on
cther means of tapping the earth’s huge amount of both potential
and kinetic enery. The largest of the potential enargies are of
the sun’s. Yet we have the coeans here on earth, which 1s the
greatest resource on our planet. Here 18 found a great deal of
potential snergies, one of which will be discussed here. But the
prodlem iz to find ons which would suit Hawall's needs. One
which one day Eay Pender us oil free to light our homes,

Many prodblems will be encountered in applying this idea. Yet,
Thosas Jefferson dAid mot quit until he found the right filament for
his 1ight dulb even after many fallures,

Alternates sources cf energy to meet our needs from the ocean
does not see: prodable in the immediate future. However, some
resources arevuorth investigating on a long range tasis as alternate
neans, One of these is the use of nitric scid, water, and gea

water upon which this paper will propose.
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NITRIC ACID/SEA KATER HEAT PROOUCTION

Not ¢co long 880 We cams soroes an idem which facinated use,
It was an 1den with imagination and 1t also included Some faotum]
data. It-oame out mot too long ago in the Septembey, 1978, tssua
of Mechanix NDlwtrated Dagazine. The 3ea was one which involved
nitrio acid(ENDy), water(H20), and see Water, The problea was to
Provide & steady source of heat which Right have an industrial
use,

This 1s what the article saiq,

Acid Power

A new may to extract energy from the ccean hag
been proposed by engineers at Yokohans National Univ,
Their method involves adding nitriv acit 0 wmter,
which ratses the solution’s temperatury £8 degrees P,
The neat would then be drawn off, T, nitrio acid
woulad Be reconcentrated by warm ses wmter and mixed
again for yet another heat boost, Bepeating the cycle
would produce a steady flow of low-level heat, Several
Secups in tandem could add heat unti) 212 degrees P
would be reached, theredy Providing steas for o turdbing,

Now that the i3ea has bdeen Presented to you, let's look ot the
involving factors 23800lated with themistry,

Yhat 18 nitrie apida?

Nitric acid 319 strong mineral acid vhich 18 eolorless in it'as
Pure form. It hag a density of 1,52, 71 freezes at -47 degrees ¢
and boils at aboyt 63 degrees C. How 1t 18 wade 1g not important
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at thisz point, bdut it can be sald that 1tis & very expe.iive mater-
1al to use for industrial purposes. Nitric acid also decomposes in
water,

How about water and sea water?

The factors arfecting thereof are very iaportant. Boiling
points and density for exmmple have a very large role in this idea.
Water has a freezing polnt of zero degrees C and boilas at 100

degrees C, It has a density of 1.

Sea water iz an aquecus solution of salts of constant composi-
¢ion of elements. The Dasioc properties of sea water, such as
density, specific volume, compressidlity, viscosity, sound veloeity,
surface tention, and others depend on temperature, salinity, and
pressure.

Also, the tasic properties of pures water are Tezarkabdly changed
by 1t's salt content. Pactors such as the colligative propsrties
(osmotic pressure, lowering of the freezing point, ralsing of the
bolling point, lowering of wapor pressurs) depend only on the number
of molecules in the solution,

And as the oomposition of salts of pea mater is nearly constant,
the collimmtive proparties Qepend only on the ratio of dissolved
salts to solvent{pure water).

The density of sea water varies as to temperature, UTreasure
and salinity. But we omn can assume it to be in a range of
1.022 < x £ 1.027, The density that we will use as a base is
1,028, a3 a round figure, '
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APPLICATION

Using the information given: How to use it to oreate some sort
of workable energy? PFor instance to run a generator to oreate
electricity.

Fasen®ially spaakinz, the following is what ue think can de

done,

A mixing chamber for buth water and nitrioc acid i1s nesded. In
thiz chamber water would be added and nitric acid would be injected.
The inside pressure would have to De grsatsr than norml to kXeep
both water and acid from turning into gas. A pressure of
avout 250 pounds per sauars inch would be sufficlent. The solution
would then de mechanically mizxed. Thereafter the tenperature would
rise about £0 somewhat degrees P. (We cannot assume the full
temperature change as few systems are not 100% efficlent) The
solution would then be pumped into a heat exchanging unit as figure
1 shows, J” HEAT EXOAANGER

Mixs

= — RN

fig. 1

Thereafter going into & separation- unit where Warm Ssd water would
be added to reconcentrate the nitric acid, Sincs thers is a
difference of density, the nitric acid being 1.52 and the water/sea
water mixture at 1.024 € x < 1, the nitric acid will readily sirk
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to the bottom of this chambder.

In this separation chamber it would then be 18t a process of
draining the nitric acid out first and the water;/sea water mixture
out sescond,

The nitric acid would have to zo through a cooling unit firet,
becase of its very low bolling point, then 1t would gc to a holding

chanber for injecting once more, This 18 shown in figure 2,

The water from the haat exchanger would then be pumped inte

Another mixing chamber where the PTocess would be done agsain and
again until the minumum 300 degrees P, needed for industrial use,
wouldbe obtained,

At this point the water from the heat exchanger would be
transferred to a "boller feed water” By a pump of sufficlent

fressure to keep the pressurs in the bollei at & presst pressure.




The boller would provide the steam to run the turbdine to. produce
electricity, The steam wot.ld then Proceed to a condenser where it
would be condensed to saturation point and therefors used again.

This 1s shown in figure 3.

SUMMARY

To provide enough water for the bolice, it may take several
0f these systems, Also the deteriorstion factor 18 very high,
Nitric acid w™ 1issolve almost anything, including steel and
copper plping., Unleas lined with glass, gold, or some othar mnetal
which resiets this actéd, 1t will not de praotable to use this
system. Nitris acid does decompose in water, How the WEIm Sel
water recomposes an& reconcentrates the acid, we could not find
out in time before the deadline for this paper. Again we say
i1t 18 very expensive row. Yet this ldea may prove to work out
in another way in the future scme day. Por thia reason we cannot

deen this an i1dea that %s improbable, but one we mugt wait for,
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THE MINING OF
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. MANGANESE NODULES
by Alice Jean Motooka, Hana High School

INTROCUCTION

For hundreds of years the ocean has been a great resource to our nation,
The ocean has been dissolving minerals from the solfd 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 sediment hundreds of feet thick. These organic remains have
produéed sources of natural gas and ofl.

A1l the mineral resources of the world are available somewhere beneath
the ocean fioor. Great amounts of manganese nodules that are walnut sized
pleces of ore are scattered over the ocean floor may someday become the

world's economic sources of nickel, cobalt and copper.
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RESULTS OF RESEARCH
In 1870, a British oceanographic vessel, the CHALLENGER, 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,
nfckel and fron,

Recently, during the International Geophysical Year, great quantities of
nodules were rediscovered on the ocean floor. These nodules grow in Tayers
Hke onfons and have taken mfllions of years to form. The majority recovered
have ranged 1n size from a few {nches {n diameter to two cubic feet. However,
1t has been reported to weigh up to almost a ton. The rate of growth s ap-
proximately 1mm fn a thousand years. There are so many nodules multiplying
continuously that they could supply our major needs and growth rate for many
years.

Approximately 1,000 miles south of Hawaii 1ies a rich deposit of nodules.
Several coasortiums of U.S. businesses are discussing the mining of these
nodules in the near future.

In the processing of wining these little stones the U.S. companies arc
willing to take on an incredible expense simply because of the rich caoncen-
tration of precious metals they contain. Manganese makes up more than a quar-
ter of the nodules, but they are not normally mined for manganese., Rather,
they are mined for nickel and cobalt, which constitutes only about two per
cent of the nodules,

Homit 1s the closest Tocation to the rich nodules beds and many have
assumed that Hawali is the best choice, at least for primary processing.
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There are a lot of problems to consfder: Humber one, the processing re-
quires huge amounts of energy. On the Big Island, off shore thermal energy
conversion and geothermal energy are being considered but at the present time
these are far from completion, Without such new sources of energy, pétrolem
would have to provide the needed power.

“A major environmenta) problem 1s that 97 per cent of the manganese
nodules fs waste product, mezning 97 per cent of the materfal brought to
Hawaif would have to be disposed of, efthur on land or by dumping it into the
2lready overabused ocean cesspool.” (Gaffney-4)

It has been estimated that nodules mining and processing may produce
revenues of $277 million dollars/year, equal to the present income from
Hawaii's sugar industry. However, we must also consider, will the 1,200 jobs
be available for the people of Hawaii or only the outsiders with highly tech-
nical training?

The environmental consequences of nodule processing must be accurately
determined before such major industry will take place in Hawafi. It will
surely generate vast amounts of waste products producing afr and water pol-
lution. Ouwping large amounts of metals and acids in the ocean waters may
create turbidity and less light can penetrate, thus interfering with phyto-
-plankton 1ife processes.

Little knowledge fs avallable about the inter-relationships of life in
the deep ocean floor, In addftion to the possible air and land pollution,

"~ nodules are found at the deep ocean bottom. Just mining may create a problem,
‘toa. The food chain related to up-welling may be affected causing damage to
the fishery.

After all the work {s done in Hawaii, “he products will be shipped to
other areas of the country which have a better developed technology. These

metals are not used In Hawaifan Industry.
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CONCLUSTON
By the compiling of information we must consider all the factors involved
in the mining and processing of the nodules. The advantages are: more jobs
will be provided in Hawaif, more MONEY ccming in to our state, more metals for
the U.5. instead of importing 1t. He must also consider the disadvantages:
more people to Hawail due to need for highly trained technical workers,
pollution on land, air and ocean, turbidity on the ocean floor, the possible

enviromaental impact of developing large energy sources.
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THE SYSTEM: A NEW LOOK AT MANGANESE
by Scott D. Snider and Chris Rafael, Pahoa High School

MRETRACT

So far men have been exploring the possibilities of mfning
Manganese nodhles and to date no one has come up with a pallution
Iree method to extract nodules from the bottom of the ccean. We
have really thought through the problems of mining and we have
come up with new ideas. Isn't preserving the ocean for further

use wvhat Marine technclogy is all about?
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INTRODUCTTION

For decades men have been trying to harvest natural resources
from the s=a and now it has been found. these nodules consist of
2Z nickle, 2.5% copper, .2% cobalt and 152 Manganesa,

Up until uow not much haa been done to mine the vast resources
°f nodules on the bottom of the ocean. It lies there waiting for
scoeone with a creative mind to find a wvay to get 1t off the bot-
tom in th- most pollution free manner possible.

There has not been a sysyem yat developed to effectivly mine
the nodules. We have come up with a ship and a idea to get nodulea
off the bottom., These next few pages will show how we weat about
it and what we found out about the mining of Manganese.

METHODS OF REASEARCH

Since the concent of Manganese nodule nining has nto been
yet fully developed the material availiable to us was limited .

80 we had to use the few books and phamlets we could find. These
These sources, however, were enough to make this report possible.
This is vhat we have found.

RESULTS OF RESEARCH

The conventional is not too good because it nses amod: fied
ship and a dredger that pollutes the ccean. 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 is that when the nodules

Reach the ship they will be cast overboard and thus nollutine the
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The vay plants and animal are killed 1s by the sediments heing
Spread by the currents on thier vay dowm from the ship. The medi-
ments land on plants stop them from carrying on photosyn theais.
Thay R1i1l animals 1ike coral just by blanketing them so thick with
the sediments that they can no longer function. The oaly way to
9%0p the destruction 1s to nct spread the sadiments.

Ia this pollution of the sea worth the Manganese? We think
not. We have taken this into accouni vhen we tried o design a
pollution free mining device for mining Kanganese.

MNM

The first machina of our system ia zalled Ble "I, atp-diqn
for *an~anese Nodule miner. Tt will have the same basic frame as
the conventional dredgerl. The nodules will be suided onto a
convever Helt by means of a forl. 1iic rrojection tiat 1l funol
ans naLe the nodules and dwgp thenm {nto a etal box 13 fo, alove
thé oceon floor. This way wIll tha 2oL aelion deedel To-
iifting the nodules to tie surface +11 not such: Lhe sedineac. o
to the “cean *4ner I, The Datlllies aan tle convalr Maiz -1 e
aade of jrated steel so vs oot to bahc ay silt to tie metal lox,
‘hilch w11l also De made of grated steel,

Frow the Lox ther will be suched up turough & 13" plpe viich
is bisger tlea the stendaps 77 ripe. Tuls 2illerrs more uoduics co
benined,

1 lc: page
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THE SHIP
A ship has not yet been made for the sole purpose of harvests
ing the nodules. A couple ships however, hava done experimental
tries such as thu mrsmmm IX and the GLOMAR EXPLORER. This .
is qr.d.uign tor—t—ohelrp
OCEAN MINER I
600 £t. long

Bemm: 53 ft,
Power: 8,300 HP. deisel engine
Average speed: 16 kno\tn .

In the middle of the ship there iE; :75 £t. bhigh,5s5ft, dia-
matar geodesic dome that provides weather protection for a darrick.
The derrick is a gimble-mounted derrick that is 65 ft. high and
can support 1,2 million pounds of dredge pipe) The dredge head
will be lowered through the middle of the ship through r. hole
called a moon pool. The nodulas will be sucked up to the ship by
s hydrauliec pump system.

The crews quarters sre located in the frount of the boat
directly under the bridge. It has the accommodations for a erew
of 43. The kitchen and the galley are also located in this section
of tha ghip.

The rear of the ship hold the more important things. The
vidio screens where the progrees of the dredge head is always
monitored. Underwater radar and other important things are also

kept here .Recreation rooms and bathreoms will be located here too,
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A-Derrick

B-First shute

C-Grilled coveyer belt

D-Bardge

E-Water ¥hute

Once the nodules h.ave."'brought up to the ship they go through

a series of channcls. Since the only way te get the nolules up
the suction tuba {z to have the tube full of water at all times,
Ther must be a coventional way of getting rid of the water. ¥hen
the nodubes reach the top of the suotiom tube”A" they are sent
down a shute"B"with the water. When they reach "C'" a wire meshed
conveyer belt all the water is drained and flows overboard via
dhuts "I". The nodules are  then catfied onr and dt-p.d onto a
bardge'D” for transport to tha next at.ge, pmcessing.
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CONCLUS ION

There 1e also the posetbility of veing the MNM with hinged
sections so it could gat morngzkffﬁﬁd-rwltcr mounde. Mayba there
could be a way to have the MM pulled by an undervater submeraiblae..
or have its own engines to propelt {t. Maybe the Ocean Miner I
could ba equiped with oquipment to process the nodules on board.
The 90llibillt1;ﬂ.lrc a;dleaé ;ut the practical use would be
& goal in the mining of the nodules. I hope the system can be put to .
use or an idea with a similar approach so the further pollution of the oresn eca
ocean can be stopped. Would you rest easy knowing that the last

froutier on Earth was bleng destroyed? We dont think we could.
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MANGANESE NODULES IN HAWAII
by Lisa M. McPherson, Pahoa High Scheol

ABSTRACT
As Hawaii's pepnlation grows

larger everyday, the increasing
demand for more jobs intensifihs,
mt there are just not snough

Jobe to go around, A magenese
nodule mrocessing plant eould
partly solve one of Hawaili's
Wggeat probleme, but will 1t cgupe
others? wWhat will happen to our
air, thﬁ ockan floor, marine life,
and our wi; of life?
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INTRODUCTION

Just below the state of Hawaii 1ies the richest Taganesy
nodule deposit known to man, These nodules contain many different
types of minerals, Tha minerals that have the most significant
commercial valug gre: nickel, copper, cobalt, and maganese,
Ever since thig diecovery there has beer much Tresearch ranging
from developing a device to gatber the nodules off the bottom
to seperating and processing the minersls,

Right now plans sre being made to develop a major maganese
nodule processing plant in the Funa district on the island of
Hawall, Such a plant scould cause economical, environmental,
and social impacte, When such a Plant is put together gll of
these iupacts have to be taken into account to determine if
this new indusiry is suited for Hawali and its people. it Campbell
industrial park on the island of Oghu a pilot maganese nodule
Frocessing plant is being developed to dstermine the economic
feasibtility of a large scale industry,

43 you all know there has been much controversy concerning
maganese nodule mining in Hawail, I am interested in this topic
and have often wcndered how it would help Hawaii. Therefore,
the purpose of thi; report is to present to Yoz some of the
Tacts of this new industry,

RESULTS OF RESEARCH

The first thing that comes inio most people's minds when
they hear about maganese nodules 1s "What 1s it and why 1s it so
important?, Basically a nodule is composed of magenese and
iron, with smaller amounts of copper, nickel, and cobalt,
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They are usually potato shaped and range 1o size froxz less than
an inck to nearly a foot in diamatar, Kodules are formed by
deposits attaching themselves arsund such objsots as bits of
bone, sharks teeth, and volcgnio glass, It takes many years for
these nodules to form, Por a one inch 10dule it takes
spproximately 25,000 years to develop, for the larger, millions.
The reason why these nodules are so important is bscause
of the metals they contain, The United States is alsost completely
dependent upon othar countries to supply nickel, cobalt, maganose,
and a sualler but significant amount of copper. Nickel ranges
in use fros the mancfacture of stainless steel to esersmics.
Cebalt is useld in high sirength steel alloys, telephones, etc.
CGopper 1s used in electrical equipment, motors, plusbing eupplies,
and certain entomobile parts, MNaganese is used in iron and
steel to [resvent trittleness und steol cannot be made with out
it. A podule usually ocontains 25% maganese by weight and their
content is approximately 3 nickel, copper, and cobalt, It has
8180 been discovered that the‘srades of netals mined from the
sea are greater then those mined on land.
The first step in the rroduction of maganese nodules is
aining them, (8o far there i1s no set method that will be used,
bat fhere are several ideas, The technology for a device to
11f% nodules off the bottom is advanced tut is still in the
experimental stages. Thus far, nodules have been mined only for
testing, not for commercial use. One method used is & vacuum
cleaner-lixe device that sucks the nodules up off the bottom
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using a Jointed steel pipe 18" to 20" in diameter and most of
the time miles long, since nodules are some times found as deep
as 18,000 feet. Some other methods used 1s & hydraulic lifting
device, continuous line buckets for rough terrain, and a dredging
eystem fully equirped with 7.V, cameras,

When mining maganese nodules there is surely to be some
dlsturting of bunthonic sedimenta, therefore causing ite
redietritution, this cannot be avoided, During dredging
operations sediments would be raised into the water columm with
each dredge. DBecause of this g blanket of mediment could cover
unmined areas, benthonic organisms, and make 1t difficuit Zor
any visually guided dredge head, Opponents of this industry
say that ocean mining would destroy the ocean floor, It bas
also been said that when sediments are discharged back into
tha ocean, it would creats a cloud of murky water taking
decades to reach the bottom again.l A1l of this 1s speculation,
therefore none of 1t has ever bteen proven. Since this is one
of the major protlems as far as mining is concerned, a mining
aystem that would avold bringing up sedimentis would prodably
Frove 1o be the most economical and beneficlal to the environment,

Back in 1970, a mining test wes conducted by Deepsea
VQntures’to determine the potential sffects of discharged water.
¥Yhen nodulee are hoisted to the surface, bottom waters, sediments,
small nodule fragments, and macerated benthoniec organisms are
brought up alse, All of these are separated from the nodules
then discharged back into the water column, During these tests,
it was discovered that this mixture, not includirng large
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particles, atayed in the upper layers of the ocean, The results
from these teets led them to believe that thie mixture could
cauee en increase in phytoplankton growth, but this 1s possible
only if this concentration, if mixed ‘with surface waters, has
a resulting mixture of mare then 10%,2

Affer the nodules have bean lrought to the surface the
second step is to sepurate the minerals from esch other,
Since these nodules are unique in shape snd schemical composition
from any other type of ore Wimg mined todsy, a special
rocessing method must be designed, The method used should
meot certain requirements in technological feasibdility, environmental
standards, and produciion size. The processing of nodulea is
the most lmportant phase of a maganese nodule industry, since the
cont will tend to be greater then that of mining operations,

S0 far there are many different alternatives that coulad
be used, but the method to be used depends greatly on what metals
are to be extracted from the nodules, One company says they
would only recover unickel, copper, and cobalt, while on the
other hand another says they would recover nickel, copper, oebalt,
and maganese. Thereforg, whatever is eventually décid-d on
will show the necessity to match netal gathering capabilytiass
and guantity egainst the total capital investment for the
processing plant,

In Hawall there 1s no set method that would be used,
but in a study conduoted for the NOAA-0ffice on Marine Minerale
five good possibilities were btrought up, To recover only three
metals (nickel, copper, and cobalt) the methods that counld be
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uped are:t high temperature sulfuric acid leach, reduction/azmonia
leach, and cuprion/ammonia leach, For recovering four metals
(nickel, copper, cobalt, and maganese) the poesibilities are:
smelting, and reduction/hydrochloric acid leach. In Hawali the
use of geothermal energy for a maganese nodule procassing plant
is sericusly being considered,
Por this report I've used the reduction/ammonia leach
Jrocess as an example in all of the following information
regarding environmental and economical impacts. As you heve
already read, this method is used to recover only nickel, copper,
and codalt. The procadures of this process are as follows:
Step 1: In this step the nodulas are ground and dryed,
The ground nodules are heated in the presence of
froducer gas to the temperature of 1,157°F. This
step 13 called reduction, it consist of breaking
doun the metal oxides in the nodules in order to
free the metals,
Step 2: This step is called the leaching process., It
takes the reduced nodules and dissolves them in
water containing 10% ammonia and 5% carbon dioxide
at a slightly elevated temperature of 1048°P, 1In
this step approximstely 98% of the metals are removed,
Step 3: The motal-bearing solution is then poured gently to
allow the sediment to separate from the liquid.
The sediment 1s then plsced 1o an organic liquid ion
exchange reagent. In this phase copper and nickel
1s selectively and sepurately removsd,
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Step 4: These melsls are then removed ggain and placed
in acid agueous solutions, where the metal products
cathods nickel and copper, are produced by electro
deposition,

‘Step 5: Now that the nickel and copper has been removed the
next step is to remove tue cobalt. This is a
much more complicated operation., In this process
cobalt and a small gquantity of nickel are removed
in powdered form by precipitation using hydrogen
sulfide, The preclipitated solids are then d1asolved
with sulfuric acid at the high temperature of 212°F,
Prom this acid solution the metals are removed by
selesctive reduction by using hydrogen at a pressure
of 34 atmoapheres and a temperature of 365°F,

Step 6: The nodule residue is then steamed, removing the
anmonis and carbon dioxide. The ammonia and
carbon dioxide are then joined together with the
aqueous ammonia/carbon dioxide blend, where cobalt
was removed, This mixture will be recycled and
used to remove metals from reduced nodules. Now
that the nodule residue has been steanmed and
stripped, they are placed with smaller quantities
of liguid waste and process solids, This mixture
is called tallings,

Now that you know more or leas how one method of processing

saganese nodules functions, youz can begin to understand and

reglize the potential impaocis. The first type we will review,
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is the enviroamental impact. The following information is based
on the probability of this [rocessing plant being constructed
bear Keaau in the Puna dietrict,

The land to be used 1s estimsted 0 be aprroximately
200 acres, with an additional 50 feet for planting pipeline from
port-to-plant. Since Puna has s lot of undeveloped land, a
aganese nodule processing plant's interference with other land
uses is not anticipated, When Yiewing the ocuter features of
this plant, 1t looks vory much like a modern oil refinery, 1Rhe
plant itself will include several htilding_l, tanks and pipes
for holding and transporting chemicals, ponda cousisting of
Sallings, and stockpiles storing materials like limestone. The
estinated height of the plant 1a about 3 to 4 stories. The
Approximgte noise level generated, on the site, is at about the
same level as automobile traffic on a freeway. Another thing
to consider i1s how will a Raganese nodules processing plant
look like compared to the natural environment of Puna, Sinoce this
area has a large amount of open space, this plant could be
coustruoted not to interfere with neighborhoods, tourist attractions,
and reoreational faciliiies. In addition the overall design of
this industry will make it possible for land scaping, therefore
improving the general appearence.,

An important concern oftea trought up, when ever an 1ndus£}y
such g5 thias is developed, is the pXotential air pollution, The
causes of pollution could resuit from erissions from the
Jrocessing plant, from power Kroducing techniques such as
fossil-fuels, or geothermal power production, and pollution caused

44



by vehicles used, tending to ba greater during the construction
phase. The alr in the Puna district is low in pollution, This
is because of the domirant trade winds coming from the northeast,
These winds could blow away most particles and chemical contamingnts,

The major environmental problem concerning a maganess nodule
iodustry, 1s the disposal of process wastes, called tallings. A
prooess such as reduction/ammonia leach, which ~ecovers only
three types of metals, will produce over two eillion tons of waste
& year. Such a considerable amount of taillings could contain
large quantities of toxic metals., But if these toxic metal elements
vhere chemicaily bound in such a manner making it impossible to
releass anything into the environment, then there wom)  “e no
threat.

There are two mroposed ways of disposing of nodule talliings,
One method would dispose of them on land for agricultural use, In
the other method they would be dumped into the océan. @h¢ potential
impacts of these methods are not Yex completely known, Much more
teats have to be done before a suitable method can be chosen.

In ocean dumping clouds of suspended tailings will occur, It
is not known how fast or how slow they will take to settle. In
the upper layers of the ocean lives the majority of our narine life.
Thus far, 1% has been prpposed that a Flpe, several hundred feet
long, be used to dump the tailings at a deeper level, avolding
these animals. Since ocean dumping remalns to be an unknown subject,
all of this 1s uncertain,

At present we do not know for certain how the Froblems caused
by maganese nodule mining, processing, and dumping would affect
Hawali, btut through modern technology many of these problems could
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be ruolnd.s

A maganese nodule processing plaut in Hawall will also have
stroag social and economical ispacts. An industry as lerge as
this will hgve an annugl total gross product of $311,.5 million in
Hawaii ocounty alone, and a state wide product of $335,9 million,
Since Eawaii has an unemployment problem this industry will
help greatly by Iroviding many needed jobs,

Por this report I've decided to only discuss the protential
Joba,and the many changes that will occur in the Puna district,
for these are my major concerns in this area.

During the construction phase about 5,029 new joba will
become available in Hawaiy county, and about 1,051 new jobs will
be created elsewhare in.the state. The majority of these joba
will accur in the construction industry, reaching an estimated
total of 2,990. In retail trade, about 629 new workers will
be hired, and approximately 304 in wholesale trade, Thare would
be many new jobs in banking and finance, education, and restanrants.
In addition Jobs will be availahle in other rarte of the stats
besides Hawail county, such 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 atep
would be the operation phase, In this step the enployment
compared to the counstruotion phase will decreass. During pTocessing
operations, there would be about 1,707 Jobs in Hawali county,
and 708 Jobs elsewhere in the state. Many industries will acquire
mich business from g maganese nodule Frocessing plant, Such
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industries would include: electricitiy, gas, and sanitation
utilities, quarries, and the chemical industry, 1In other seotors
of the economy other than the State and County Government:s, the
Foduction phase could caunse only a slight increase ur a decrease
in jobe, Ths construction industry will loass about 3,000 jobe,
This would be g sharp decrease, unless a carefully planned decline
is designed., Retail trade will lose approximately 400 Jobs, and
other industries will suffer ¢imlar job loses,

The town of Keaau is small and rural in character, consisting
of a faw retatl stores, an elementary and intermediate school,

a few gas etations, and a police and fire departasat, ;

Baganer3 nodule preceasing plant comld completely change Keaau town,
The small town 1ife style would be gone for 8004, being replaced
with major superzarkets, restiurants, and gas stations, Many of the
residents now living in Keaan and other parts of Puna stay because
of“the-gaist, country atmssphets.

An industiry such as this would cause more homes to be build
towards the south, where the subdivisions remain very empty, Such
an inorease in new homes could prompt the extenaion of water services
and sewage treagtment plants. Right now water tanks and cesspools
are used. The ner population of homes could start looking towards
Pahoc town for their basic retail needs,

These potential socisl and ecouomical ixpacts are an exgmple
of what could possibly happen 12 one maganese nodule Processing
plant 1s builv in Hawaiil, They would be extremely different if BOre
than one plant is built,
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CONCLUSION

Before starting this Teport, my knowledge of maganese nodules
Was very limited, but I now haeve a clearer and better understand-
ing of 1t,

My reaearch shuwed a Baganess nodule industry in Hawaii to
be a promising solution to part of our unemployment potlen,

The aspect of this Paper that mainly concerns me ia the
potential social offeots, At present the island of Hawali hes g
great deal of uncluttered OPel space. MNany of the residents
in the Puna district have moved there for this reason, As s
resident of Pahoa, I would not want to 8e¢ suoch drastic changes
ocour,

The possitle affect it will have on our environment as yet
is not too certain, but I am confident that solutions gnd
alternatives will be found to the problems. Hawaii could greatly
use the new Jjobe that would develop, therefore helping our

.conow .
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POSSIBLE ENVIRONMENTAL EFFECTS OF
MANGANESE NODULE MINING AND WASTE DISPOSAL
by Moses H. Adams and Randall R. Holt, Kamehameha Schools

ABSTRACT

For millions of years, manganese nodules have been forming on the ocean floor. Not
until recently has speculation been made towards the development of this natural resource.
Recent developments in technotogy have made it possible for the manganese nodules to be
mined in an economically feasible way. Although we have the technology to develop this
resource economically, there are many possible environmental drawbacks. In the mining
phase, the major problem is the sedimentary clouds produced during the dredging ond
vacvuming. 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 and benthos regions.
For land disposal the major environmental hazard would be the possible leaching of toxic

materials, affecting local water supply.
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INTRCDUCTION

Mangaonese nodules are one of the most common mineral deposits on the deep ocean
floor. They were first discovered in 1873 when the HMS Cf;c;llanger expecition dredged
nodules near the Canary Islands in the North Atlc:ntic.3 The geologic setting and degree of
nodule cover which exists on the sea floor between Hawaii ond North Americo are shown in
Figures | 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, pea to potato sized concretions, which are composed
mainly of metal oxides. These oxides have accumulated over long periods of time forming
a crust around a nucleating object such as sand grains or shark's teeth. The average
chemical composition of cre-grade nodules is shown in Table |.

The primary useful metals in the nodules are nickel, copper, cobalt, and manganese.
On land, these metals are either very rare or they come in such a low grade that mining
themn for a profit is not economical, Mining the nodules from the ocean floor could mean
that the United States would not have to import as much of these metals, and eventually
become self-sufficient in terms of these metals. Table 2 will show projected U.S. minaral
seif-sufficiency in terms of deep sea mining of manganese nodules.

For a number of years, mining companies have speculated us to 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
manganese nodules. However, at this time very little research has been done on the

disposal of the manganese waste products.

Statement of the Problem

This paper will cite some possible environmental hazards due to mining and wcste
disposal methods. The authors will recommend the methods of mining and waste disposal

based on available data which should have the least undesirable effects.
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Fig. E-1. Baseline study sites A, B,

Environcental Study (DOMES)

Average Chemical Composi

and € of Deep Ocean Mining
Pru;ect

From DPED Report

Table 1

tion of Ore-Grade Noduyles

Manganese 25 - 30%
Tron - L1 88
“Kickel T.5%
“Copper T.3%
~ Cobalt 0.25%
Water 30%¥

*After air dryiIng

From DPED Report
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Table 2

. Projected U.S. Minera) Self-Sufficiency with Deep Sea Mining

Estimated

Estimated

Self-Sufficiency Self-Sufficiency

1976 with Ocean Mining with Geean Mining
lmorts Year 1990 Year 2000
Cobalt 985 - Self-sufficient Surplus
Copper 15% 902 Self-sufficient
Manganese 983 Self-sufficient Surplus
Primary fHickel 1) 4 70% Surplus
. . From DPED Report
Table 3

Estimated Quantities of Toxic Elements in
Two Million Tons of Pacific Ocean Manganese Nocules

Estimated Estimated
Quangity Quangity
Concentration in 2x10° tons in 2x10% tons

in Nodules Number of Modules of Nodules

Element (ppa) of Analyses (kg) {1bs)
Lead 200-3600 123 4.0 x 105 8,800,000
Arsenic 65-200 18 2.6 x 10° 572,000
Thallfum <1-180 7 1.4 x 303 308,000
Cadmtum 3-21 32 2.4 x 10% 52,800
6all{um 2-30 54 2.0 x 10* 44,000
Beryl1ium 2-5 7 6.0 x 103 13,200
Selenfum 0.4-0.3 10 1.2 x 10° 2,640
Mercury <0.1-0.8 7 6.4 x 102 1,400

From DPED Repcrt
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METHODS OF MINING

There are two ways in which the nodules are mined, the first is scoop dredging,h and
the second is vacuum dredging.3 Scoop dredging consists of g large scoop or bucket that
scoops up the nodules from the oceon floor and brings them to the surface. When mining is
done in this manner, great plumes of sediment are stirred up burylng sea anemones, clams,
and other benthic forms on the oceon floor.

The vacuum mining operation consists of a visually guided dredge hecd that is drawn
along the oceon floor. A hose from the dredge head is attached to the mining ship and the
nodules are sucked up to the ship. This method is mors efficient '”‘-CI.'1 the scoop dredging
method because more nodules can be mined with less sadiment being produced During this
mining method, sediment is also stirred up which could bury benthic life but not as much
sediment is produced as in scoop dredging. This plume of sediment could also couse
difficulties for the visually guided dredge heads.! When the nodules are brought fo the
surfoce, they are accompanied by bottom water (rich in nutrients), sedirments, tiny nodule
fragments, and moacerated benthic orgonisms. These things are separated from the nodules
and dumped back into the water.

According to Bill Reich of the Hawaii County Energy Advisory Committee,

“the nutrient rich water introduced to the surface could cause a ‘red tide}

known for destroying all fish and other life forms in jts wcy."'

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

"dumping the wastes (sediments) could create a cloud that would float over ail

the aceans, blocking sunlight from the water."'

If this sedimentary cloud does block out the sunlight, this could mean that there would be
fess photasynthesis taking place within the phytopiankton tws affecting the food chain. [f
less photosynthesis is taking place, the amount of phytoplankton would drop considerably,
This in turn would result in less food for the whales and other fish. Consequently their

numbers would drop.
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Another effect of the dredging is that all but the most mobile swimming fish wiil be
engulfed by the dredge and killed. A mined site will probably not be depopulated
completely but 1t is not known how long it would toke to repopulate a mined site. Constant
dredging of the ocean floor could destroy massive amounts of deep sea life ond create
gigontic sedimentary clouds. It is not known exactly what the resuits of this might be,

The nodules would be mined at depths of 15,000 - 17,000 feet. At this depth, the life
forms consist mostly of sea anenames, sea worms and cucumbers, crabs, and deep sea fish

like rattails.

Recommendations

Mining the manganese nodules from the ocean floor can provide jobs and importont
metals for Hawaii and the United States, but it couid possibly destroy the deep sea
environment. The author feels that until technology comes up with o method to mine the
nodules without disturbing the marine environment, the mining should be posponed.

METHODS OF WASTE DISPOSAL

The disposal of process waste is undoubtedly the major environmental problem arising
from a nodule operation. A processing operation, involving only the extraction of nickel,
copper, 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.3 (See Table 3).

Disposal of the process waste must be done in @ manner that would least affect the
enviranment. At this time there are two major options available, ocean dumping ond land
disposal.

Oceon dumping is the most feasible for severgl reasons. First, the barges need to
make round trips. After unloading their nodules ct the terminal, it would be economical to
‘oad them with tailings to be disposed of on their way Dack to the mining site, Second, the
dumping would take place on the high seas beyond national jurisdiction, and this would
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simplify legal matters. Third, nodules are composed of elements which are clreody present
in the ocean, and therefore their re-deposition should couse minimal environmental harr'nrt.3

Land disposal is also an alternative. First, sealed slurry ponds could be used, provided
techniques authorized by Federal ond Stote environmental laws are followed. Second,
process waste could be disposed of for commercial use such as agricuitural lond 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 efsments exist in the tailings must be considered. But in oceon
dumping, the environmental impact would be far more complex than the question of
toxicity. Process waste would be discharged at the ocean surfoce by barges on their return
trip to the mining site. These discharges form plumes of suspended material for a year
throughout the water co!umn.h The potential problems include local disruption of the sea
floor ecosystems. Also, sediment might alter chemical bolances both in the mone
populated surface waters os well as the surface. In addition, discharged process waste
material at or near the surfoce would have an impact én the photic region which is
penetrated by sunlight, This is where most of the oceanic life processes occur.® However,
very little is known cbout the effects of dumping process waste, so the subject of
environmental hazards remains speculative,

In loand disposal, options depend on the question of the toxicity of elements within the
process waste. |f the tailings are determined to be hazardous, slurry ponds would be the
only type of lond disposal allowed But improper storage could result in leaching which
would affect the local water supply. If the tailings are determined to be non-hazardous,
they could be used for agricuitural land fill. In which case the tailing must be thoroughly
tested and evaluated to determine if rainfall or other natural phenumena could cause

leaching that might possibly affect the local water supply.

Recommendations

Ocean dumping of process waste may have aon impact upon the marine snvironment,
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Whether it would be hazardous or not and to what extent is unknown to researchers at this
time. But whatever the effect, oniy o relatively smal! area would be offected. On the
whole, the total effects of the ocean dumping of process waste would be insignificant.

Lond dispasal of process was?e “-ﬁuld hove to be carefully regulated by Federal ond
State agencies. Miscalculations or .cidents could have disastreus effects upon our
environment,

Therefore ocean dumping seems to be the most economical and environmentally
feasible process ond the only alternative that would not be directly hazardous to humans.
Although long term effects have not been researched, ocean dumping would appear to be

the best aiternative at this time,
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EFFECTS OF WATER POLLUTION ON THE ENVIRONMENT AND SEA LIFE
by Sandra L.D. Pulcare, Hilo High School

ABSTRACT

Oceans become polluted by rivers going into the sen,
these rivers carmy sewage, fertilizers, pesticides, mill
wastes, deterzents, radioactive wastes and many other pollu-
tants, Kost of the pollution of the ocenns takes rl _eo at the
margine, whers man's activities take place.

Trere are six kinds of pollution: 1. sewage and related
organic substances from agricultural, industrial and domestic
sources, which remove oxygen from the water., 2. synthetic
chenicals, both organic and inorganic, found in peaticides,
detergents, mine runoff, such as :cids and miperals and radio-
activity from fallout, nuclear fuel, ete. These follutunts
may be toxic to all forms of animal life, including man.

3. disease carrying infectious agents from domestic, agri-
sultural and industrial sources. 4. heat, tem;erzturs in-
creases from cooling water used in vower plante and indus-
trial operations. Thermal pollution can injure plants and
fish directly and also reduces the oxygen content of the
water, 5. sediments 6. chemical plant nutrients such as
rhosphates in detergents and human excreta, which accelerate
the growth of awuatic plaat live, thus increasing the oxygen
demand in water.
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Sewuge and Solid Aaste

Sewage is the liguid wastes from homes, s¢hoolas, cox—
mercial buildings, hotels, hospitals and industrial plants.
Sewage contains parers, orzanic nuterial from feces and urine,
80aps and sometimes dead animals, fruit skins, ola shoes,
collar buttons or anything else that firds its nay to sewers,
The greatest harm produced by sewasge is the raduction of o.y-
8en in the water. The oxygen is used up by b cteriz .= they
destroy orranic water. Overfertilization or eutrophication
is another result of sewage. Excess of nitrozen, czrton and
phosphorous(three chief nutrients in water)causes the growth
of alzre to grow faster, thus increasing the xygen demard,
Sewage pollution kills kelp but cea urchins feed on Sewage.
Now there is an overabundance of sea urchins and rot encugh
kelp. Sewage also makes fish unfit to eat., Oysters and cloza
being exposed to sewzge were found to have hevatitis, (a
ratal liver desease). Sewa e also csuses plagues and cholers.
dany clams and oysters being contaminated also contrinsute to
getiing typhcid. Thousands of acres of oyster apd clam Leis
in the U.S. bave becen closed down due to the szwa;;e. Thea
water 08 890 rolluted in most of the nation's estuaries *hat
people cannot go swimming for fear of decease, and the r6s-
8ibility ot epiuemic. Eany seu birus, ie. (herons, egrets,
sandpipers and loons) are dying from a mysterious deczease
which inflames the intestines und gives the birds bleeding
ulcers. Scientists say czuses may be f:om toxic e ents or
bacteria and viruses from sewage. Solid wustes is another
form of ,evacge —ollution which ca.ses the death of =1l:nkton
and lower forzs of fish und red.ice: oxyven. Sevnge znd indus—
trial wastes zre the main causes of water vollution.
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Chemicals

Chezical pollution incluue both inorganic and organio
compourids, such as dairy, textile cennery, brewery, and
paper mill wasteo, ensilage, detsrgent wastes, manure, wood
fibers, pesticides, acidmine drainage, and slaughterhouse
wastes. These contain proteins, carbohydrates, fats, oils,
resins, tars and soaps. If thess pollutants are not exceusive,
they will be stabilized by the self-purification process.

If they are excessive, death of fish and offensive odors cen
result. Also oxyzen will be depleted by the growth of weeds
and alcas, caused by plant nutrients as phosvhates, nitrstes
and potassium. Toxic chemicels reach the see and oceans an-
mmelly by way of rivers entering the sea and fallout from
the winds,

kines are major polluters of streams and rivers through
acid 4drainage. Both active and atendoned minee vour out large
amounts of water which has mixed with sulfur bearing minerals
witkin tke nine to form sulfuric acid. This aecid destroys all
kinds of 1life in streams. The sulfides, sulfites, ferrous
salte from mines and industrial plants also devlete the
oxygen in water.

"Each year the rains and rivers "rinse™ about 5,000 tons
of mercury from the land and cerry it to the sea.® Yan usins
mercury in his industrial processes, releases about 4,500 tcns
of mercury into the environment yearly, and most of it ends
ur in the oceans. In humans, mercury peoisoning can cause
br in derage to unborn babies. The mercury destroys the train
cells. A case 0f highly toxic mercury poisoning was in the
¥inumatu Bay on Kyushu Island, Japan. One hundred reople were
known to have died during 1953-60 from the deterioration of
mentsl and nervous syztems culminated either in death or
corplete  insanity. In 1970(Dec.), millions of cans of tuna
was fouad to contain cangerous levels of mercury, ard also



in some swordfish.
"When tetraethyl “lead was introduced as an “anti-<mock"
constituent of gasoline in 1925, there was about 0.01 to
0.02 microgram of leud per kilogram of seawater. This con-
taminating minera) had been washed from ‘he earth by rivers
and deposited neturally in the oceans., Today there is about
c.o07 microgrgm Per kilogram in the seawater, man has succeeded
in more than tripling the amount of lecd in the water in just
a fow Qucades!™ Lead is toxie to almost ali organisms. Lead
concentrates in the surface waters, where moat sea life exisat.
Fstuaries suonort many of man's principal food ani—nls.
for exampyle, oysters, crabs, scallops and shrimps. They serve
€3 murseries for co-mercial and gare fish, like flounder,
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 of fish found offshore as aidults.
Cremicals like nirex washead into estuaries have caused the
death of millions of shrimp and blue crabs. Chemicals de-
oxygenate the water, discolor the flesh of fish and kill
phytorlanicton who are sensitive *o chemical poisoning.
The organisms in estusries have the greateat danger of beirg
exposed to toxic chemicala. They are more directly exposed
to the steedy flood of persistent toxic chemicals.
Commercial fishing can be wiped out by depletion of oxvger
and the foul taste of fish. There is also the danger of ate
sorbing bacteria which might clLange their behavior vatterns.
Pesticide-"A chemical used to cause the death of r..n-
buman organisms considered by man to be "pests", le, inimical
to human interests.® Insecticides and vesticides enter water
in many ways, chiefly through runoff from treated areas,
erosion of land, waste discharges from industries or from
aerjal spraying. Estuaries and coastlines receive the most
of insecticides, pesticides and fertilizers weshed into streums
from agricultural fields. Modern agriculture is devendent o..
pesticide and fertilizers and will become more dependent on
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it as the populastion increases. The damage to the environment
by pesticides 1a massive, It changes the structure of the food
ohain by wipdng out some importani phytoplankton. This might
change the upper levels of the food chain that comprise large
fiah and mammals of the sea. It slows down the growth of
marine plants. Any decrease in plant growth threatens the
supply of oxygen in ihe oosan and atmosphere. Festicides, In-
peacticides and fertilizers can poison an orgsnism's vital life
processea, interfere with its fesding and reproductive be-
havior, interfere with mating and migration seasons and make
it mDore suseptible to disease and predators.

DDT is 8 very effective nesticide arainst insects and
other hurmful pests. It iz a mixture of DDE compounds and
other compounds inclucing DDT. Much of the DDT is broken down
to DDE 80 moat of the DDT in the environment and in living
things is DDE. DuE takes longer than DDT to break down., It
remains in the environment for long periods of time causing
damage to those who consume 1%. In fish enting birds, their
body tissues were found to contain DUT, for examrle in re=
productive organs and nervous tissue, Birds were found to
produce less offspring. One known effect of DDT and associated
chemicals is that the thickness of eggashells is so thin and
fragile that the female cannot jncubate them. The sex hormones
are also affected which leads to infertility. That is the
reason for the decrezse in bird population., Por some species,
there 1s the threat of exitinction, Some fizh eggs do not reack
maturity which causes a ponulation decrease, some even lead to
extinction. Crustaceas are very sensitive to DDT causing them
%0 die within twenty days. The serious effect DDT or DDE have
on mollusks is the growth rate which is slowed down.
Zooplankton and phytoplankton ere highly sensitive to DDT.

I% enters plankton through their ¢ell walls and is stored in
their fatty parts and reduces cell division. Tt is slower to
disselve in feis than in water. It also makes phytoplankton



incapable to carry out photosynthesis, Fhytoplankton
produces 70% of the world's stmospheric oxygen. Corul reets
are now dying from vesticide and dredging of the lard, The
dead coral accumulates algae all over it and the floor is

8 brown to white color instead of the green and speckled
color of living algae,

Pesticides aaved billions of dollars worth of crops and
livestock which helped many hungry peovle from starvation,
1t saved many lives from zalaria, tynhus, cholera and many
other diseases, without which, many would have died.

Radioectivity

Radioactive pollution resulis from the mining and pro-
cessing of radioactive ores, from tha use of refined radio-
active materials in power reactors, and for industrial,
medical, and research purposes, and from fallout following
nuclear weapons testing. Most radiocactive waestes are in the
form of a liquid.

Pish living in the Atolls ware found to have radicactivity
from eating the algme. During WW1ll, nuclear weapons were
teated in the Pacific Atolls, today there is still evide: ce
of radioactivity in the atolls and it will take many more
Years for the affects to disappear.

67



Thermal Pollution

*Thermal Pollution ie the heating of streams caused by the
diacharge of water used for cooling purposes in industrial
and power generation plantis". When thermal pallution !s
unchecked it can alter the ecology of a stream, lake or
parts of seas. One result would be when 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 1t reaches the water causing & rise in the temperature
of the water. The totel ecological cycle, microscopic, plant
and animal life may be permanently altered by the heat man
adds to his waters. It may prompt animals to leave the ares
which {then will cause an over abundance of plant life.

The result of thermal pollution on fish is unbelieveable.
The fish metaboliem, feeding habits, growth rate, and re-
rroductive patterns were all affected causing early deaths,
If 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. Warm water cannot hold

as much gas as c¢old water can. Fewer living things will be
found in the water besceuse of a lower oxygen content, and
water becoming nore toxic. Extra heat in the water is less
capable of fulfilling its natural fumction of decomposition
and purification thus the pollution increases. In estuaries
thermal pollution disrupts marine food chains, and oxygen

is less soluble ip szlt water than in fresh. In wasrm weser,
certain toxina and disease orgenisms are more lethal to fish
and shellfish,
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Ocean Dumping

Ocean-dumped wastes effect marine or-anisms in a number
of waya, Sewage and Polluted dredge spoils which are decom-
posadle organic wostes deplete the water of oxygen. Zacteria
and viruses from 8ewaze cauwse infection and disease, Dumping
reduces the light penetration necesgsary for photosynthesas,
destroys spawning areas and suffocates fish and shellfish,

Industries constantly dump anything from radiocasctive
substances to both solid and gaseous containers of indastrial
chemicals. Por example, nerve gas, the government has been
constantly dumping Pressure cylinders into the oceans,

There 15 a Possibility that these canisters have already
rusted through and the derve gas hes slowly found 4to way
into the acean and has been already absorbed by the environ-
ment. Yet on the other hand it may not have rusted through.

If these cylinders should break, it could cause massive danage
to fish and marine " {fe as the gas is highly soluble in water,

Some industrial wastes can be beneficial to the rarine
environment ard to the life which inhabit it. Artificial
reefs are being constructed from dumved 3cranved cers. The
cars provide shelter from rredators, forms of algae, bernacles,
and see anemones Rrow on it, Fish and plant life dcuble in a
short period of time.
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0il 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 o0il wells.

The sea does not abtsorb oil because o0il and water are
chemically end structsrally different, have little effinity
for one another. If the water is cold, the ramte 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
natursl seepages will mlao survive oil pollution csused by man.

The effects of o0il pollution on marine 1ife and animals
is horrible 10 think sbout. A single o0il 8pill kills thou-
sands of birds. Their feathers insulate them from the colid
but allows them to floet in water. Being penetrated with oil,
they freeze to death or drown. With feathers stuck together
it ies impossible for them to fly. Bven with individusl care,
only a per cent live.

011 pollution kills marine plants and surface plankton
by coating and asphyxiating them on contact. Phytoplankton
are responsible for the production of 90% of the living
material at sea. Produce 70% of the oxygen on the earth., It
also kills marine animals by fouling the respiratory pas-
sages until they choke %o death, too, oil aticks to their fur,
some are fortunate to survive but many die. Pish found near
0il refineries were found to have cancer of the mouth. Also
Tish ottained in the North Atlantic Ocean were found to have
an oily taste from having ingested the tar balls. Shellfish
were found to be contaminated or killed, scallops and
oysters in some areas were fo nd to have an oily taste. 0il
pollution can destroy the food sources of marine life;
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reduce the resistance of ‘marine organisms to infection ang
other siresses; interfere with reproduaction of =nimals;
penetrate and remain in sediments and persist in the sen.
More and more cil lumps are being found on the surface of
the deepest meas far from land, 011 components can enter the
food chain and create devestating results.

Dr. T.B. O'Neill,(a microbiologist) at the Navy's Civil
Engineering Laboratory, Port Hueneme, Calf., experimented
with marine bacteris that can eat o0il. It is ealled [seudo-
monas. I% can devour oil in forty-eight hours and the tonula-
tion increases greatly; 10,000 microorganisms per milliliter
to 20,000,000 per millititer. Pifty to Seventy-five vercent
of the 0il is broken down intc smaller harmless compounda,
The bacteria is most effective 8gainst rarine diesel 0il,
crude 0il is the most difficult 4o digest. This bacterie might
provide themselves as a source of food for la. er RnErine
organisms. The Navy hopes that these bacteria will prove a
highly effective agent in reducing the derage frorm “uture
oll spills,

Sediments

Sediments causing pollution reduce fish and shellfish
porulations by vovering fish gills, causing tham to smother
to death. It also causes hazards fuor aquatic animals as they
depend upon sight for finding food. Sediments cause a de-
creased rate of Photosynthesis, thus 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 tum rs. It is very
Pessible that sedimentary pollution causes tumors.
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CORCLUSION

97.2% of the earth's supply of water 1s in the oceans.
2.15% of assessible water is found in glaciers and icecaps.
Everyday 940 cubic kilometers of water evaporate from the
surface of the sea and pees into the atmosphere and even-
tually fall as rain. About 80 cubic kilometers supplies the
land with water, the rest fallas back to the sea. Therefore,
the sea is not only the source of all mzrine life dbut of all
life on earth.

In the future, man must depend more and more on the
resources of the sea to sustain his many needs. Not oniy is
the mes our lezt untapped resource, it is alsoc the final sink
for all products, natural or man-made. Modern technology has
made men into a geomorvhological and geochemical force. JSome
of the materials that end up in the ocean are beneflcial but
most are detrimental and they are changing the marine eaviron-
ment. Though the crocess of evolution continues through chanves
caused by volcanoces, earthquakes or tsunamis, or slew changes
in temperature and salinity, can men someday affect the fitneao
of the marine environment in a way that it becomea unfit for
the continuance of the process of evolution? Can man pollute
the pea?
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RED SOIL RUNOFF AND ITS EFFECT ON CORAL
by Wayne Randall, Kubasaki High School

Statement of purposg

The purpose of this paper is to point ocut soze destructive effects on
coral caused by red soil runoff in the waters around Okinawa and sugrest

the necesaity of further Tesenrch to provide effective control of the problem,

treduct

I have been on Okinava now for nearly 10 years, and in thit time period
I have seen reefs decay from a thriving patk for fish,,divers, and corzl, tc
bridges of dead coral waiting for the pounding waves to knock them apart,
This and mny other md things bapoening t> the oceans today have inspired re
to investigate scme of the destructive problems of the oceans and to pursue
& career in mrine biology,

The area of investigation of this Paper is tone tay Koch: Kitabaru in
Onna-son, Okimwa. At ane time the tay had an sbundance of 1live coral and
fish which were vital to the nearby fishing villages, Kocha-Katabnru now
has hardly any live coml and prctically no fish. The only appircnt coyuse
of this problem is red soil pollution,

The three min causes of the red s0il pdiution in the tay are mountsin
strip quarrying, poorly planned roads, and runoff from pineipple fields,
(See chart No. 1.)

Kocha-Katabaru is one of the miny areas of Ckiniwa 's oce:png affected Ly
the red soil pollutants, tut at this tine it is the only arsa in Okinawa
prefecture on which ressarch ia being done. Because the problem has just
begun to be Tesearched, cnly cne report about the problem Ins been published
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on the pz'c:h].eln.jL (ne more is 3001 to be published.? The amount of study of
red soil effects on coml is small and the reasons vhy red soil kills coml
is yul unansvered.

Tais paper is an attempt to show the results of zome tests that have teen ‘
run on how Ph effects the wvater and the red soil tolerance of coral. Some cf
my pérscral experiments, observations and opinicns are also noted, and sove

future research that should be done is pointed ocut,

1, Pujiyama, Toruya, od, Ckimawa Counter Mensurs Committee on Red Soil
Reesarch and Situaticn, Akatguchi no Ryushutsu nj yoru Goyyyo po
Osen Jokyo Hokushg, (Report on the Pollution Effects of Red Soil
Flow on Fishing Grounde, Translation,) Ckinawa Prefecture, Merch 1978

2, . wa Suisan Shigen Ke Jokyo Hokckushg
(Report on the Conditjons of Okirmwa's Marine Resources, Tr nsiation)

Unpublished mnuscript, 1978.
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Persanal Resaurch on the Status of Red Scil Pollutants on Kocha-Katrtnny

Un October 1€, 1978 1t around 4:00 PM,, I vent to Focm-Kitaberu, Tre
tide was just beginning to come in. Two days before, there ad been heivy
reins and high winds and on the day before there had been light srowers ard
4 stiff br-;2e. These fuctors -2y have chinged zy research findinge, srowing
more negative resulte than usual, Tha day I ecollected the samples for resze:rch,
nowever, vas surny with anly a elight brecre.

Ky imnediite cbservations of the biy were that the vater wvo= red ~nd
ouddy and that there was no live coral a2d no fish in sight, I took simples
Irom an area about 600 meters out from the shore. T took scmples of the
sediment from the occean floor as vell as samples of the water, ba ng caref:l
not to stir up the witer. From the samples I attempted to find out tre
amount of suspended particles in a set arount of witar, and if red sail was
dissolved in the water, how much red seil could be suszended in the water.

I 2lso attempted to 'find out how much red scil was in a fixed .oount o tre
botton sediment. ot all of Wy experimente wers successful. The wmcunt

of red 80il in the sediment was not found out because of vy l.ck of knowledge
on soil sepamtion,

Per ny experiment on the amo nt of red soil perticles suspended in the
water, I took 7¢O ml of the water sample and filtere. it. The purvose ~©
the experiment was to see the effect of maotion on the suspension of red ssil
in the water, The water in the bay from which I took the sample was corstirtly
in zmotion because of whirlpool currents which I will mention in more detall
Liter, I found the dry weight of the s.mple to be 0,1 g,

When testing to see how much if any red scil was dissolved in ses witer,
I boiled off all of the water, When I did I found no red scil disolved in

the soa vater,
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On my last succesaful experiment I tested water motion and soil sedizent
to see how ruch red soil could be suspended in fresh water. I took six test
tubes and filled cach with one gram of red soil and 10 ml of fresh water. 1
shock each test tube for ons minute. I then let test tube 1 settle for 10
secondr, test tube two for 20 seconds, three for 3C seconds, four for LD
seconds, five for 50 seconcs, and test tube sir for one mimute, The results

are in the following chart.

Test tube No. of seconds | Mo. of seconds No. of gr=ns
Lupber shaken left to settle | 240eNS

1 60 10 . i B3

2 &0 20 D5 ¢

3 60 30 02 g

4 60 40 Below C.70 ¢

] 60 50 »

6 &0 60 o

I have tuo posaible reascns vhy so many red scil particles can be suspenced
in the ocean water, and mo {ew particlea in my axperiment with fresh water. JIne
is thut the ocean water provides much more bouyancy than fresh water, and tuc is
that the currents of the ocean keep the #0il stirred up, so taat_goil which would
otheruise sesttle to the ocean flcor is kept flowing. So when the water is
moving, it would not be & real danger to corul unless the soil was co:ried to
an ares which had less current, I balieve the chances of the suspended particles
being deposited on a different area are entirely possible. The question is why
verwi't the suspended paruicles actually carried elsevhere!

This experizant tends to confirm the visual observations I made at Kocha-

Katataru, I found that nenrer to the beach where the watar was ewift, the b_iches
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were hard vith lettle sediment, but further out where the velocity of the water
had deen slowed down, the bottom was soft and had a deever ccumlation of red

saal,
Experiments and Research findings of Okimiwen Scientists

One question studied by the Ukimwun researchers wis thut of Ph change
and damage to coml, The Ph change brought about in the water bescause of the
presence of red soil i’ one question in detate. In an irtarview with Dr,
Tuteuno Higa, & professor of Ryukyu University, he stated twat the CO2 content
of the water is reduced by the acidic red soil and that a:me corals on Okinawa
hav: o.lga.a. growing on them ard ths comls feed from the algae. The lack of
CO2 can causs the naeded algae to die.? However, further research and tests wers
canducted by the Okinawa Prefecturs Counter Measure Comuittee and "it has been
found that the Ph is not changed enough to cause comal to die,*4s The Ph at
the mouths of the rivers at Kocha-Xatataru tay-after a 9ms/duy riin showed the
Fh to be around 8.17-8,27, and on a clear day, 8.2-8.32.5 We can ses that
there is a definite "influence on the Ph level, Tt not anocugh to mike a
difference in coral growth. (See charts 2 and 3),

A different kind of expsriment on red soil damage to coral was decne by
the Ckinawa PrefectumPisheries Remearch Facility in Itoman. It was & water
pass experiment, In the experiments four sets of ton species of coml placed
in four experiment stations were used. For each test the specimens were placed
in lab dishes 10 cm in diameter and 2w tall, A uniform smount of red soil
vas sdded to each dish at the boticm of eich experiment station, The sections

each had 30 liters of aceun water passing through a F4+ filter, The red soil

3. Interview with Dr, Tateuno Eiga, Prof. of Chemistry, University of Ryukyus.

4. Interview with Dr, Sakiyama , Director of the Ukinawa Prefectums Fistfian
Experimentatian Station.

5. Pujiyamn, Toraya, ed, (Trane,) "Okinaws Counter Measura Comitte on Red
Soﬂ. Research and Situation) Research on the Pollution Bffactsa of
Red Soil on Fishing Grounds, p, 13
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particles used were less than 250’.1 in diaseter, Sectian A had 0.0g/litar of
r>d so0il passing through it, section B bud 0,1 g/liter, and section D had 10 g/
liter. After 48 hours of running water, the specimgns wvere pliced in u concrate
water tank 2, more hours before being obeerved, Thia experiment oroved that

red soil ia capatle of damaging and/or destroying corul life after certuin
pericds of time, The table below shows the resulis of this e:xpe:t‘i:nent.E>

A

- 1
com1‘ \m 10.0

Seriatopom hyatrix {Dana)

Becillazom dapicornis {Linmmeus)
Acropora spicifers (Do)

dsreporn achimata (Dana)

Montiporn foligosi {Pullas)

Pungia seutaria (Lamarck)

Porites studeri (Vaughon)

Favites complanata {Ehrenberg)

Platygym #inensis (Miline Edward & Haime)

Echinoycr lapellosa (Esper)

Q
"
.—l
-

o

0 0000000 0o0jo
N0 000 O0O~N0 OO0
booooo[}bob

" o oo o

O:Living A :Partially Dead X:Dead

Ancther factor of whirlpool currents was alsc obrerved, At Kocha.
Kataoaru "strong vhirlpools are {:mmed vhere the rivers flow intc the botten
of the bay."'7 Because of the currenis and whirlpoola the red scil genemlly
stays within the bay causing a remarimble accumulaticn of réd soil., "Zecause
the mte .of.' flov and spread of red soil is slow comared to Takada Fataberu
{(and other areas) these pollutants remain a comparatively long time and

contribute to the deteriomtion of the biological envirvmment."®

6. Research gn the Pollution Effects of Bed Soil on Pishing Grounds, p. 119.
7. Ibid, p. 143.
8. Jvid.
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Future research is needed to help determine scme of the reasons why red

soil irma the marine life. "ghero is 3 necerrity to determins def:initely
(‘ulpn‘d Snl

the amount of S5 in red soil contaminmants *F  Further detailed condit.cne
resmarch of the oceans bottom resulting from red eoil flow ir needed. "Mcre
reseirch is needed in determining the percentape of red soil contained in the
\.::ter."la

The writer thins the efect cf blocking out sunlight 1s 1 necessary
study also, A heavy accuruleticn of red soil Jike th:t at RochoKatetur 18
could possibly block cut most if not ali sumlight. Dr. Higa pointed ocut
in the interview that sunlipght is necessary for photog mthesis waich in tum
ile necessary for coml tc live. Dr, Sakiyoma also feli that blockins cut cf
sunlight effected the coral tut as yet no way of testing this has teen
devised.

Red soil pollutants do sericusly effect tne mirine environment, 7The

quesrtion ™uhy" is still to te answered,

19. Condjitions of Ok-mawa's Mirine Rescurces, p. 41
1@, Ibid.
11, See chart no. 1.
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Chart Ne, 1

B\—z: EPEBEe =512 o~ IR oty TRE(Y)

Xocha-Kutabtaru, ($) percent of sea bottom layer eonta ‘ning up to
5 cm of red soil pollutants, (Transl.) From Conditions of Okimwas ‘Lrine

Resqurces, p. 32.
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Chart No, 2
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Kocha-Katabaru, Ph, on a clear day. Oct. 4, 1977 (Transl,)
Frcm Conditions of Okimiwis Mirine Hes~urces, », 27
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Chart No, 3
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Kocha-Xatataru, Ph on a day after min, Nov. 7, 1977,
(Transl.) Condjticns of Ckimwvas M.rine Resources, p, 27,
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AQUACULTURE: UTILIZAVIGN OF MARINE ALGAE
by AlVison K. Fujimori, Ka'u High School
Introduction
"The American laynman's usual expsrience with marine algas is in accord
with the implications of the word "seaweed", ac & useless or even noxious
plant of the ael.'l It may have appeared unsightly to him.-littering lovely
beaches, entangling his fishing linse, rotting the bottom of his boat, or sven
causing him swimmers®' itch, He may not resliszse he uses it practically every
day of his 1ife, and that it is a natural rescurce that has become funda-
mental to numeroas industries today.
This paper will briefly discuss historical uses of these marine plants
in various parts of ihe world and how these simple uses hzve evolwed into
iwportant industrial productions that touch the lives of millions of people

today.

Statament of Problem

This particular subject was selected because many people are not aware

of the numerous potentials of marine algae.

Reasults of Research

Many seaweeds are edible and have been entered as vegetsbles into the
diets of hﬁlnn beinga, Earliest records of this come from the Chinese who
mentioned food plants as "Laminaris® and "Giscilaria® in their medical jour-
nals. Aboriginsl man must have experimented with marine algae found along
ses shores and results of this experimentaticn have evolved into astablished

cuutom.z

1Eimer Yale Dewson, Marine Fotany: An Introduction, p. 302,

2C. L. Duddlington, Beginner's Ouide to Seaweeds, p. 161.
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An interesting example of this kind of experimentation i¢s Porphyrma”,
"Porphyra" 1s a cormon plant found in the North Pacific, It grows in the
waters of the Gulf of Alazka to Califomnia, Anthr;pﬂlogista report it was
brought by Indiana when they came from Siberis. The Indians disliked aslt
and used "Porphyra®™ to supplement themselves,’

Tha Japaness ate "Porphyrs” as a healthful supplement to their rice dlets,
It becsme wideapread not only in Japan, but in China also. The demand for
"nori™ has grown steadily and production has reached huge proportions, Mher
well-inown msrine algase of the orient sre "Undaria”™ and "Laminaria®™ found in
the cold watars surroundine Rokkaido, Japan.]"

The most diversifiad use of marina slgse ss food waa by the Polynesians
in Hawvali. "Limu", as the Hawaiisna referred to it, was considered s necessary
staple to their daily diets. Because there is less quality and quantity than
in Jspan, marine slgse of small quantity and limiteq habitat were tended to
in royal "limu® gardens, Choice delicacies were served only to royslty,

Glass provided "look boxes" for uralided water superv!.sim.s

Marine algae as food is not so sxtensive in the BEuropesn areas as in
Japan, Phillipines, Yawaii, Malaysia, or Indenesls, but several did achieve
significance. "Rhodymenie palmeta", kmown in Scotland as "dulse", Ireland as
"d1)1{sk", and Iceland aas "sol", is marketed in Rritish Colomblz. The best
imown food algas in Western Furope is "Chondus crispus® (Irish moss or cara-
gheen), This food slga is sesasoned with milk end venilla and is made into 2

dish cslled blancmanges, The use of this food slgs was brought by coloniata,

3op. cit., p. 303.
Sarcld E. Schlichting, Algse, p. 35.

SC. L. Duddliington, Beginner's Guide to Seaweeds, p, 161,
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Tha rav seaweeds were imported to Foston bhefore it was noticed that the hest
growthe of "Chrondus crispus” occurred slong the New England Coast, The jelly-
ing qualities of this food algs, the result of stherisl mulfats in its cell
walls, gave it an sarly food use, The sxtract 1» now known as caroghaan.6

Seaweeds are not of high mtritive value hecauss they are not masily
digested, However, they do stisulsts sppetita, provide necessary salts, and
furnish important vitamins and trece slements. A genersl iwprovement of
health we- follow a dist supplamented with seawseds,

The Ruropeans used warine slgae as fodder., In Ieceland snd Scandinavia in
the British Isles slong the coast of France, cattle have been sllcwed to wandar
sleng shores during low tide, “"Rhodymenia palmata® and "Alsria esculenta® ars
favorites of goats, cows, and sheep, They are often selective of "Rhodymenis"
and "Alaris® and avoid others sdjacent to it, Cattle snd sheep sre fed "Rhody-
menia® and "Alaris® almost exclusively. Nowewar, wilk does not tasts of algae
nor is meat inferior becsuss of the sesweed dist. Animels nourished on seaweeds
for seversl generations show ability to digest it better.’

The shortage of grain in Burope during World War I led to the experimentss
tion of marine alges &8s fodder., Factoriss were Built in France, Norway, snd
Oermany. Mathods cf treating and reducing sesaweeds for this purposs were
daveloped, Pavorable results in Furope led to the processing of the Pacific-
Coest kelp ™acrocytis®™ in Los Angeles for ssveral decades. The high minemsl 0
content made it possibls for supplamting poultsy and an‘wma)l rations as dried
fish and cyster shells,B |

b4arcld E, Schlichting, Algss, p. 35.

7c. L. Duddlington, Beginner's Guide to Seaweeds, p. 162.
arbid.’ p. 162.
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The value of marine slgae as fertiliser was discovered in coestal Asis
and by the ancient colonizers of the cossts and islands of Northwestemrn Burope.
Drifiweeds provided the most convenient supplies and were either introduced
directly tnto soil or on farms to psrtislly disintegrate. In Britain, the
cutting of rockweeds became so extsasive that it became necessary to regulate
it by laws now in effect for 100 yura.9

A smll area in which seaweed fertiliser is the primary support of ita
population 1s Arran Island, off France. Rocky, barren land was built up for
potato production by kelp deposits in rock clefts 10

Before the United States recognized its potash content, marine slpze was
employed by thrifty farmers of New England, Not only 1ts chewical fertilizer
use but water holding capacity proved effective. Purtherwore, marine alzae
decsy slowly forwing humus,

As agriculture developed on & mechanised scale in the ninsteenth century,
the United States became increasingly dependent on Oerman potash supplies from
the Strsussfurt Mines in Cermany. By 1910, $12 million worth were importad
annually. When the availability of these supplies wss threatened, the nitcg
tates initiated an investigation of their own Pacific-Coast kelp growes. In
1512, reports with mapped beds and an estimats of tonnages were put out. When
these supplies were cut off completely during World War I, the harvesting and
rendering of Cslifornia "™acrocytis® began. During 1917, ahcut 30,000 tons
were prﬂduéod, and harvesting snd drying methods were developed., Nuring suc-
cessful decades, these developmente have led to the establistment of a perma-

nent industry.n

Elmer Ysle Dawson, Marine Botany: An Introduction, p. 306,
10my44., p. 306,

11, 1. Duddlington, Beginner’s Guide to Seawesds, p. 165.
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Medicinal uses are almost ss old as their food uses, The Chiness used
"Sargassun” and various Laminarisles in treatment of goiter and other glandular
problems, "Gelidium” was used for stomach disorders and heat-induced {1lness.
The swelling of "Laminaria" otripe gave 1t use as s surgical tool, The orientals
exployed the same technique for expansion of the cervix in chtldhirt.h.l?

Probably the most longest and widely used marine algae come from the Agar-
Phytes including "Oelidium”, "Pterocladia®, snd "Orecilaria®, The word *agar-
agar® means "jelly”, This Jelly ig the resulting liquid cbtained by boiling
seawseds, Agar was used for stomsch disorders snd as s laxative and diotetic.n

It wves originally produced and market in China until Japsn took over in
1622 and mainteined a world moropoly until 1940. The most significant dats 1n
the history of sger is 1881, when Robert Xoch proved its value in the cultivation
of bacteria. Since then, 1% has been used in hospitals and lsboratories throueh-
out the nor].d.:ul

Irish moss ("Chrondus crispus®) has a long history in Burope ss treatment
for diarthes, urinary preblems, and chronie pectoral infections. Tt brought
tbout the establishment of ihe Woss industry in Seituate, Mansachueetts in the
United States. It is still used in Ireland for Paluonary distress,ld

Modemn industry has developed namerous medical snd pharmaceutica] appli-
cations, Linnaeus, the sncient Oreek scholar, knew the alga "Corellina offi-
cionalis” &3 » popular verwifuge in medieval times. In 1775, however, a Greek
sclentist discovered a small red algs (*Alstdium helrinthochorton®) with vermi-
fuge qualitiss on the 1sland of Corstca, It was considered the same vermifuge

22aro1d E, Schitchting, Agse, p, 37,
13hcyclopedil Americans, p, 55]1,

g iner Yale Dewson, Marine Botany: An Introduction, p, 307,

1op, Cit., p. 554,
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plant used by the fireeks and 18 now referred to by Congress ss Corsicsn nou.)‘é

Incustrialisation of seaweeds in Purops bepan with the production of kelp,
the ash darived from burning marine plants. The term atill holds in Europe,
it in the United Statea has come to apply to the large bdrown seawseds. Kelp
production wss begun in the seventeenth century by French peasants and spread
throughout northwest Europe, Driftweeds, then cuttings, were ased. "Laminaria”
and “Saccorhiza®™ in north Britain became of major importance. Kelp ash wvas
bought by industrialists for the msnufacturing of esoap, glias, and alum, During
the eighteenth and ninetaenth centurias, demands becams grest aid large amounts
of sesweeds were handled, In the British Hebrides, 20,000 tons were produced
annually, requiring the cutting of LDO,000 tons of wet md.l?

The kelp industry in Britain reached 1ts pesk in 1810, when barilla socap
became a competitor, A decline et in, but industry revived when high lodine
yleld in seaweeds wes discoverrd, Industry continued favorsdbly until 1573,
when iodine from Chilean nitrate aources became s competitor. Industry Jeclined
staadily until 1930, when it practically ceased in most areas. The only area
now producing seswsed iodine c.amercislly is Jnlpnn.18

A rapid industrislizstion of the Pecific-Coast "Macrocytis® beds was
brought sbout in the United States waring wartime in 1917-1918, Mechanical
harvesters were developed, and LJO,000 tons wers cut annually. Even after the
close of the was, utilisation of seawesds for other purposes were soon realised.

Inventione snd discoveries led to the begimning of the algin industry,}?

160p, cit., p. 7.
170. 1. Duddlington, Beginner's Guide to Seawseds, p. 16).

IBIbid.’ p. 1&0
19&0 c’-tu’ Ps 165.
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Algin means hydrophilic or water-loving, Sodium alginate is ths most
commonly known algin, It 1s » cell-.sll constitute found in bdrown algse and
Laminarisles. Xelco Company of San Diego, Californis is the primary producsr
of "Macrocytia® algin.zo

"Macrocytis" is harvested by a bargs equipped with a nowing mechina and
crans. The load is brought directly to the factory for n;hing and processing.
The kelp is chopped, shredded, and placed in a soda-ash digester. Trs ash is
diluted, alkanized, and purified by filtering or centrifuging, and is then
treated with calcfum chloride. The result of this processing is calcium
slginate, which can be treated with scid and converted inte slginic scid for
specific uul.a

Algin hus water-absorbing qualities that make it useful in numarous indus-
tries for thickening, suspending, stabilising, emilsifying, gel-forming, or
film-forming, For example, algin provides icn:cnam with 1ta smooth texture
by preventing the formation of ice crystals,

A few years ago, when decline in supply along southern California kelp
beds occurred, the State surveyed kelp bed scology in order to prevent any
such loss agaln. Nore than 2 quarter-million dollsrs have been spent on
ressarch, Experimental studies on *he sffects of pollution and grazing organ-
isms are continting, Calcium oxide 13 now being used to fight the grazing of

sea urehins.zz

zollnr Yale Dwwson, Marine Botany: An Introduction, p. 308.

Agp, cit., p. 308,
2Harold E, Schlichting, Algee, p. L3,
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TARLE S

Systematic Arrsngement of Useful Seaweeds and Seawead Colloids, Showing “hyco-
colloids, Acida, and Salts Derived from Various Marine Algal Ceners
(after Teeng)

Brown Seawesds (Fhasophyta)
kelps | |
1eaf kelps
"Lawinaria®
laminarin
fucotdts
slgin
alginic scid
sodium alginate
ammonium alginate
calcinm alginate
chromium slginate
glany kelpa
"Nacrocytis"
slgin {as above)
fucoida
| gulfweeds
"Sargassum"
slgin (as sbove)
rockweeds
*"Fucus"
fucoidin

algin (a8 sbove)



‘.Rod Sesweeds {Rhodophyts)
agarphytes
"Gelidium® (Californis, Japen, China)
agar (gelose)
agarinic acid
sodium agorinets
potussium agarinats
calcium agarinate
magneaium agarinate
"Oracilaris® (Austrsilia, South Africa, North Carolina)
agar (as above)
"Pterocladia™ (New Zsaland)
agsr (as above)
"Abnfeltia" (Sakbalin, Siberia, White Ses}
agar (as sbove)
carrageens
*Olgartina®™; "Chrondus”
carrageenin
carrageenic acid
potassium carrageenate

calcium carrageenate
sthers

*Phyllophora™
agaroid
"Iridaea" ("Iridophycus")
iridophycin
irtdophycinic acid



"Qlsiopaltis”
!\:m:u»in"’3

Conclusions

This paper has shown many uses of marine algas, not only as food for human
consumption, but as fodd.ar,_; fertiliser, medicins, snd industrislization,

The ﬁtﬁrs for tbe.'i;tiliuﬁic;r;_ ot mr‘lnlél_algu has tremendous potantisl

and 1% 13 hoped that further studies will be mads.
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EUCHEUMA: R POTENTIAL AQUACULTURE CROP
by Marjorie J.L. de la Pena, Kapaa High School

INTRODUCTICON

The Hawaiian Islands are surrounded with water They also have many
water resources inland. Qur motto 'Ua-mau-ke-ea-o-a-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.
One of the crops grown in aquaculture is prawn (Macrobrachium rosenbergii}.

Prawn aquaculture is rapidly growing in Hawaii. In Kilauea, Xauai, C. Bre-
wer and Company is developing approximataly 300 acres into one of the
world's largest prawn farm. The growth of this industry weould 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 algre from the genus Eucheuma. Would

Bucheuna be a good or feasible aquaculture crop for Hawaii?
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THE GENUS EUCHELMA

The genus Eucheuma belongs to class Rhodophyta (Red Algae), and to
the sub-class Florideophycidae (Fleshy Red Algae). The various species
of Eucheuna are among the largest of the fleshy red algae. Various thalli

have weighed over 10 kilograms and ons was recorded to have been 2 meters
long weighing 15 kilograms even after several pieces were broken off.
Eucheuna species contain carageenans. 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.
Carageenans can not be replaced by synthetic chemicals.

The demand for carageenans increased as the industries utilizing it
expanded and increased. The natural beds of Bucheuma in the Southeast
Asian countries where the supply of carageenans is imported from, soon
decreased in productivity due to over-harvesting. To be able to contirue
supplying carageenans, the pecple of these countries started to cultivate
Bucheuna, but the demand is now greater because of the ever expanding
industries.



Figure 1: Algal Classificationdl)

Class: Red Algas (Rhodophyceae)
Smurces: Agarophytes Caragesn-as Others?
Genera: Chondrus Eucheuma
Gigartina Phyllophora
Irodophveus
(1)

Chapman, V.J.; Seaweed w11 Their Uses, Copyright 1970 p. 131.

EUCHEUMA AS A POTENTIAL AQUACULTURE CROP

The climate of the Hawaiisn Islands is almost the same as that of the
Soutneast Asian countriu: wher=s Eucheuma grows wild. If Eucheuma is grown
in the Hawaiian Islands as an aguaculture crop, the United States does not
have to import as much carageenans, As we know, 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
raising Eucheuna we can help increase our State's economy as well as re-
duce the nation's trade deficit.

The State's Department of Planning and Economic Developmenr t (DPED)
has published a mamial on aquaculture for Hawaii. The biological, bio-
technical, market, resource, economic and legal/social considerations
are given. Out of the 54 considerations given, 42 were favorable to
aquatic algae and 9 were problem areas of aquatic algae. The remaining 3
consideraticns show no problems or benefits (figure 2).
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Figure 2. Favorable (+) and Problem Areas {-) of aquatic algae as an
squaculture crop in Hawaiil,

Biological Considerations

Reproduction in captivity
Eroodstock maintenance
Reproductive cycles
Cultural stocking material
Survival to time of stocking
Diseases and para51tes
Hardiness

Growout time

Survival to harvesc

High density culture

Feed conversion efficisncy
Trophic level

Maturation

Crrnibalism

Bictechnical Considerations

Broodstock maintenance

Mass rearing of stocking material

Mass growout

Broodstock feeding

Larval feeding

Juvenile feeding

Adult feeding

Harvesting

Transpor<ing

Processing/Purging

Larval mutritional needs known

Juvenile and adult mutriticnal
needs lnown

Larval rations developed

Yea1-round cultured stocking supply

Year-round cultured market supply
Market Considerations

I1dentifiable local market
Identifiable mainland markst
Identifiable internatiomal market
Potential local market

LR B B B B B R R B B R

L I N B K K N B

++ 4+

LI I ]

Markot Considerations (cont)

Potential mainland market
Potential international market
Wholesale price - Hawaii
Subculturdl preference
Recreational potential
Inter-regional competition
Catch fisheries competitiom -
Hawaii
Economic risk

Resource Considerations

Site
Water

Expertise required
Econcmic Considerations

Past performance
Likelihood of institutional

funding _
Potential profitability
Confidence. in profitability
estimate
Time to develop industry

Legal/Social Considerstions

Legal barriers to import
Legal barriers to culture
Legal barriers to sale
Social barriers to import
Social barriers to culture
Social barriers to cale

B T B N T Y

* 4+ 0+

? Indicates no distinct problem or benefit.

1Department of P

and Econanic Development, Aquaculture Development for
Hawaii, copyright 1878, Pp. 45-50.
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CONCLUS I

Based on the given information, I conclide that Bucheuma species
would be favorable materials -2® aquaculture crops. They are sturdy and
will grow well under the climatic copditions in Hawaii. Purthermors, I
feel that the demand for carsgeensns will §Tow as the industries that
utinzecmgmnsmqnndtomtthcmodsofﬁamld'sgrwingpo

population.
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FRESHWATER MANINI: A NEW POSSIBILITY FLR AQUACULTURE
by Raymond W. Richards and Lyla N. Anibar, Pahoa High School

INTRODOCTION

The surgeonfish "Manini® is an excellent food figh in Hawaii. It is
dalicious fried or over charooal, But, it !z fairly hard to ocoe by, A
fov months ago, this fish had to be caught in a net to be sold in & market.
Bow, spear.l fizh may be s20ld also so the manini is & little more easy to!
buy, But there still imn't enough of the fish to go arcund.

The "Manini® or "oanviot tang” is a surgeon fish, It has an ovel,
coxpressed dody with a ssall mouth, It's scales are very small; it's later-
al line is axched high in fromt, slightly curving toward the tall, It
bas & dull greenish-grey oolor, darksr above and lighter below. It has
five to seven vertical dlack stripes along its body length, It noemally
grova up to soven inches tut we have seen lerger.

I% is found all over Hawail, swimming in large schoole over the coastal
Teefs. It is also found throughout the pacific islands, It {s usually
fourd in waters uwp to fifteen feet in depth, It .an be found in water up to
thirty=five feet deep, It's principle food ia seawead,

STATEMENT OF FROBLEM

The Manini is a good food source, If it oculd be farmed, then uaybe
there wonld be encugh of this great food fish to go sround, for every=-

coe to enjoy alot more than they do now,

Farning a sali-water fish is fairly difficuit., Farming a freshe
water fiszh is alot easier, Sc we omme up with the idea of trying to
change the salt-water Manini into a freshwiter fish, In our experiment we

iried to do just that,
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MATERTALS AND METHODS

Ouxr mrterials inoluded: ome twenty gallom aquarium, sa undergravsl
filter, » cormer filter, and decorative materials such as plastic plants
and a cer.mic deep-~sua diver,

Va used approximately 6.5 kdlograms of oceah water and 6 maninis, ome
aholehole and @ tutterfly fish,

Ouxx methods were simply taking measured amomnts of water from the
established aquariun and replacing it with filtered rain water.

Ve ariginslly plarmed to start with 100 mls at & time, it becaums 2
the lack of time we stepped it up changing 1500 zls more at & timn for
sxample 4000, 5500, 7000, 8500 and mo on, After we changed 8500 mls we
decided to change the watar evety othar day vheh possidle instead of every
day as when we started. The following dats are what we recorded:

DATE

Oct 30: We started tho aguarium using a twenty gallon tank, ons eet ol
mdargravel filters, coe occrner filter, ccesn gravel and approximately 53 to
55 liters of ocean water from Krpchc Bay in Pupa. We oaught six maninis, cne
Butterfly fish for good looks and one aholshole (which we didn't know we had
until we set up the aquarium) and put them all into the tank, Time: 9:30pm.
Dot31: Observations; fish are doing very well., Timy seem to adjust to tbuir
surromdings very qui kly., Addsd 14 drops of "organi-cure™ to protect sgainst
merine disease, Time: 13130pme

Nov 13 Observationsaj fish appear to be doing well, We tried to feed thenm
tut didn?t observe any feeding sotivity. Times 12;30pm.

Boy 23 Jiservations; fisu appear weil enragh *har {+ Yoo like they will
1lve lou. rov R for She armeriment. Added fomrteen droph of “organd-cure®,

We fed them and odserved some feeding activity. Time: 1:15pu.
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Mov 4 e ntorcd the traneformation. We took 100 mls of water from the tank
"nd replaced it with 100 mle of fresh filtered rain water. Observations: no
change in fish behavior, Also fed them. Time:r 6:LSpm,

Nov 6: Toock 150 mls of water from the tank. We replaced it with 150 mlr of
frec’y filtered rain water, fed fish. Observations: no change in fish
behavior; they feed also. Tire: 9:35 am.

Jdov 2t Ya msie a miztake that might cost us the experiment, We niscalculated
and instead of changirg water by hundreds of als, we must change them by tiou-
aande at a tine.

Nov 8: Tock 4000 mls of water from the tank. Replaced 1000 mls of it with
1000 als of filtered rain water. Mo change in fish behavior., Time: &: bam,
FAed 1000 Y5 o Tiliere? rair vater to tznk. No change in fish behavior
Time: 10:43am. Added 1000 mls of filtered rain water at 12:20pn, ar” 100C
mle. of filtered rain water at 7: ' .1, no immediate change ir. figh behavior.
Sfov 91 Tock cut 5500 mls of tank water. Replaced 1000 mls with filtered
rain water, Time: 9:40smm. Added 4500 mls a 1000 at a time throughout

the rest of the school day, Obeervations: fish appear to be unbothered

by water changes. They are alsoc eating well.

Yoy 102 TookTOCOﬂnotntufrmthotmkndmlmedﬂ.l?OOOnla

with filtered rain water, Observatians:s No change in fish .behaviar.

Times T:15pm,

Nov 113 fish are doing very well. They seem not to notice the water changes.,
dlsc fed thea,

Nov 123 Fo date beosuse of waekend,



Nov 131 Took 8500 mls of water from the tank. Replaced it with 8500 alse
of f1ltered Tatmvater at wmtined intervals throughout the school day,
Rov 143 Ve deoidodtodangnthontamothndulothn sbanges
will not affect the fish s0 much. Cbservatioms: fish are doing vwry well,
There are no changes in fish behavior. They alsc eat whanever we -eed
them,

Eov 13t Tock 10,000 mls of water from the tank, Replaced it with 10,000
nls of filtered rainwater throughout ‘he sehool day. No change in fish
behaviar,

Fov 163 figh are doing very well,

Hov 17s¢ Took 11,500 mls of water fram the te=k, Replaced it 11,500 mlm
of filtered rainwater throughout the school day, Also, no change in fish
behaviar,

Hoy 16: No data beosuse of veskend,

Foy 191 EBrought aix freatwater guppies from a raicwater pond and put
them into the Aquarium, The Buttexfiyfish ingwdistely staxted attacking
them, Hetookthamiuontofth.tmkmdputthnintonjarﬁth
tankwater to see if they would live in it., Times 2:100pm,

Nov 20: guppies are alive and well, Welve succeded so far in bringing
the salinity of the tankwater down encugh for freshwater guppies to
survive in, The tank fish ore doing very well. 'ienhoto;tcdthc
aalinityotzomottharumtuwwroumgmdthoronltum
to NO malts,

Hov 21s  gapples are atill alive and well, Tank fish &re¢ doing very well
except 1t appears as though they have caught "fin-rot™ snd “iok™,



Boy 221 fish are doing very well, One of the maaini looks a bit “scarred”
thoughs, They all appear to be healthy, We threw away the gupples although
they were still alive,

HNov 23: It's Thanksgiving Day. We did not check on the fish.

Hoy 24-29: Yo data

Nov 263 Obsarvations:s the fish are in good condition. They look as though
they will survive even after the experiment is over. We took 14,000 mls of :
wvater from the aquarium and replsced it with 14,000 mls of filtered rainwater
4000 nls at approximately 20-25 min intervals, Also befare changing the
water, We took a water sample to be tested tomorrow. Times 2:00px to
3320pm,
oy Z]s fish are doing very well, Started testing the water using 20 mls
of tank witer and a chlorids test kit. Couldn't finish the test for lack of
time,
Hov 28t one manini is dead. Ceusa.of dedth is wnimown btut I suspect
malratrition, The rest appear to be okmy. No time %o finish test-ing the
water,
Nov 29t Cbeervations: The rest of the fish appear to bde doing alright,
Today i»s the last day for ths experiment,
RESULTS OF RESEARCH

We were pleased with the results, We didn't have enough time to
complete the whole experiment, We did succede in lowering the salinity of
the squarium encugh to permit guppies from a rair vater pond to survive in, .
¥We had no good way of testing the salinity of the aquarium water, We did try
using a chloride test kit but when we did use it, 1t took teo long to get
results 80 we never could finish testing the water because of the short

length of & school day,



Of the =six manini, one sholehole and one butterflyfish, only one manini
died. Ve believe that the nanini died as & result of malnuirition and not ae a
result of ths experiment,

At po time during the experimant did the fish get sick, guv into con
vulsions or any eratic dehavior, They always appeared £ be happy and we
never noticed any behavior change thm@out the experiment, Once in a
while they would chase each other arcund the aquarium tut it is not known
Af it was in play or whether they were fighting.

DISCUSSION OF RESULTS

We didn't have encugh time to completely transform the fish to living
on pure freshwater. We did succede though in bringing the salinity of the
aquarium vater low enough 1o allow gupples from a freshwater pond to survive,

We plan to keep on changing the water until the fish are able to survive
in a pure freshwater aquarium or until the die, We do not know if the maning
will be able to produce offspring, although they should be able io.

We think our way of taking from the aguarium and replacing it with pure
freshwater will work with almost any fish., But we recompend that smaller
amounts be changed at a time, We had to use large amcunts because of the
lack of time,

CONCIUSIONS AND RECOMMENDATIONS

Our experiment was to see 1f a saltwater fish could he changed to a
freshwater fish for future aqua culture experiences, OQur experiment is not
perfect por exactly scientific but it can serve as & base for future
axperiments. We have a theory that if our experiment is perfected, a new
species of freshwater fish could be made frou ithe Manini., This new rpeclea
could be farmed and provide a valuasdle source of food. We intended our
sxpariment to0 serve as a base for our theory and we hope to ascmeday sem

that theory become trus.



Handbook of Hawaliian Pishes by Willism A Gosline and Yernon B, Brook
Honolulu, University of Eawaii Press, 1960,

The Shore Fishes of Hawaiij "An abridgment of the Bulletin of the United
States Piah Comnission for 1903 (vol. 23), published by the U.8, Government
Printing 0ffice in Washington, 1903.



AQUACULTURE: THE MANY ASPECTS OF THE FRESHWATER PRAWN INDUSTRY
by Lawrence B. Sims, Pahoa High Scheol

ABSTRACT
Aquaculture is a vast and growing area. Thus beconing
Hawaii's maip area of study. At this time the fresh wvater
Pravn industry has growvn imensely from Just an experimental
and reseparch project to a fully producing fresh vater Prawn

industry.



IRTRODUCTION
This 1s what I have written on thils paper in hope that
my idea can be the stepping stone for those planning to go
into the Prawn Bulsiness. Also in hope that this report
will give the individual the basic concept as vell as vays

10 go about starting s Prawvn farm,

METHODS OF RESEARCH
My methods of research begins with reading the
Hopoluiu Advertiser and plcking out selected artieles
out of it. Then reading material from past symposium
papers and books. Also selected sections out of the
1976 edition- Aquaculture in Hawvaii. I have also apoken
1o my fellow peers and teachers who either have studyed

the subjlect.

RESULTS OF RESEARCH

Many scientists and biclogists have taken into
much concederation of rasing the fresh water Prawns (Mac-
robrackium-Rosenbergii). But none have taken more time and
mnchl research than Dr.Shao-wenling,{the first scientist to
control the life eyecle of the Malaysian Prewn.) Dr.Shao-
wenling is &lso known as the father of the emerging freah
water Prawvn iodustry. -

MARKETING

There are many aspects one must consider before

thinking of raising the Prawnas to market size,
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First of all the Mulsysiar Prawn is & troplcal anizal
that requires warm cilimate apnd tempeture,

Second,You wili need 800d aquaculture lard or ponds.
for example,If you wanted to zonvert marsh land into ar: area
to raise the Prawns.One would be confronted with various
problems.Some of these rroblems would be the enviromental
impact statement and more than likely the conservationalists
vould complain also.

Third,In order to start your farm you will need the Juvenile
Prawns.So one must conseder if they are to buy from another
farm or degin a hatchery of they're own.

fourth, the basic key of all industrys is good management. Many

problems a prawn farmer faces are virtually the same as one would face in

basically any other area of aquaculture.

Fifth, the best size for marketing the prawn is between six to

eight count to a pound-heads on,

LOCATIONS

There are many possidbilities 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
prawn 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 LOANS

Chapter 219 of the Hawaii revised statutes provides for the
establishment of an Aquaculture Revolving Loaa Prograsm. Originally
Sepate bill 38 Jater_to be chenged to ACT181 of the 1971 Hawaii Legis-

Tl ]

iature; which states: There iz a specizl fund fros which money shall

be locaned by the Department of Agriculture under this charter. The
program wss adopted April 21, 1972, The farm 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 are assesed and are paid by the owmer or producer. The
loans can be made to any qualified Aquaculturist who is as defined as
a person or association of persons, actively engaged in aquaculture
farming, aquaculture product developement activities. Persons with
provensquaculture expertise, or otherwise woXk in the enterprise, may
qualify under this definition.

CONCLUSION
I have choosen this area of study of aquaculture because I feel
that it is & very promising area of reasearch and production. The
real reason why I chose this srea of study is because I like to eat

prawns but the price is sort of high. S0 by my efforts maybe more
farms will come about, causing the prices to lower, {due to the abun-

dance of the prawns).
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UPGRADING THE SEA WATER DELIVERY SYSTEM
AT WATKIKI AQUARIUM
by John Y. Hong, Moanalua High School

ABSTRACT

The Waikiki Aquarium displays many different aquatic organisms.
The majority require a marine environment in order to survive. The
successful maintenance of marine organisms requires a sea vater medium
of the highest possible quality. The sea water at the Waikik! Aquarius
does not lend itself to such a description; it is of marzinally acceptable
qsality. Three methods are proposed to improve the water quality, specifi-
cally, to increase 02 and pH levels and to decrease CO2 levels:

1. Sending the 0, tower discharge water directly to the display tanks

2
48 opposed to the present system which mixzes treated water with

untreated water.

2. Installing water-air mixing devices which utilize the veaturi

effect.
3. Spraying sea vater into the display tanks to promote further

surface gas exchange.
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INTRODUCT ION

The Waikiki Aquarium is an institutiou devoted to promoting an increased
_awarsnass and understanding of the tremendously vast and complex ocean which
surrounds us. It 1s a part of the University of Hawaii and has been at its
present sitce since 1954. At the Waikikd Aquarium, the peopla of Bavaii as
well as visitors from othar lands, can observe many colorful and wmique
aquatic organisms. Invarisbly, the common denominator for a healthy and
happy existence 1is water of the highest possible quality. Unfortunately,
tha saa water at the Aquarium could only be considered marginally acceptable.
The situation is not without solution, however. The basework for resclving
this problem will be presented in this paper.

PRESENT WATER CONDITIONS

The Waikiki Aquarium utilizes the open system. Fresh sea water constantly
flows through most of the display tanks. This reduces the possibility of
sudden pollutiocn and increases the carrying capacity aa compared to a closed
syatem.

The sea water at the Aquarium is fixst drawn into a 80 foot deep wall.

In order to reach the wecll, the sea water must pass through a calcium

carbonate strats which filters the sea water, Normal sea water has a pH of
spproximately 8.3 and an 0, concentration of at least 4 ppm. The well vater
has & p of 7.6 and an O, level of .25 - .50 ppm. The sea \;utnr flows from

2
the well to the sump. When it axrives, it has sn increased 02 level of 3.5 ppm
and a pH of 7.6. Sea vater is then pumped from the suzp to the 02 towar, the
display tanks, and the seal pool. The two display tanks used to monitor water
conditions indoor are tank 35 - 36 and tank 13, Tank 35 - 36 is a double tank

and the first tank on the line, tank 13 s one of the last. Tank 35 - 36 had
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The Waikiki Aquarium Sea Water Systenm
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aplHof 7.6 and an 0, level of 5.0 ppm. Tank 13 had a pH of 7.6 and an 02

m Inflov Pipe
Spuosar
4’/
Agitation plates
&
%

3
ilavel of 6.0 pp=.

& K

Retaining wall
Batention Chamber

X

Discharge Pipe

Diagram of 02 Tower

The 0, tower is simply a means to increase the 02 concentration of the

2
sea wvater used at the Aquarium. Sea water is pumped to tha top of the tower,
ejected through a spray bar, gulded over three agitation plates, intr a
retention chamber, over a retaining wall and out a discharge pipe back into
the sump. Unfortunately, returning this treated sea water to the sump

compromises the quality of the sea water delivered to the display tanks.
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WATER CHEMISTRY DATA

Oxygen (probe) Oxygen (hach kit)
Date Area Reading Date Area Reading
3/211717 well .25 - .5 ppm 11/19/78 Tank 35-36 5.8 ppm
3/21/77 Sump 3.5 ppm 11/18/78 Tank 13 6.2 pom

3/21/77 Tank 35-36 5.0 pn

3/21/77 Taok 13 6.0 ppm

pH Chach kit) Carbon dioxide (hach kit)
Date Area _Reading Date Area Reading i
3/21/77  Well 7.6 6/18/717 Tank 35-36 20 ppm
3/21/717 Sump 7.6 6/18/77 Tank 13 20 ppm

6/18/77 Tank 35-36 7.5-7.8

6/18/77  Tank 13 7.5-7.8

Desired Conditions

02 7 ppa pi = 8.3 CO2 5 ppm



In 1977, the Water Rescurces Resesrch Center analysed the Waikiki
Aquarium's water supply. At that time, the 02 tower ;as operating at a lower
level of efficiency. The flow rate was approximately 70 gallons per minute
and the spray bar had not yet been installed. The increased 02 leveia
measured on 11/19/78 are the result of the 1installation of the apray bar
and an increase in the flow rate to 225 gallons per minute. Unfortunately,
the new 002 and pH levels have not been measured due to non-gvailability of
test equipment, However, the water quality 1s atill below par. The two new
02 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 than .8 ppm.

The proper testing equipment ia due to arrive in mid-December. At that
time, all areas previously teated will be retested and all other required

teat data acquired,

PROPOSED MODIFICATIONS

There are three poassible methods by which to improve water qualiry.
They could be used in comhination or alone. The most efficient combination
will have to be determined.

1. El{minate mixing of 02 tower discharge water with sump water. The
gea water leaving the 02 tuwer may meet or exceed the conditions desired.
Either ancther pump will have to be installed or the entire'oz tower could
be moved éo the roof of the Ajuarium and the discharge water fed to the
tanks below.

2. Installation of spray bars over each tank which will elect water
into the tanks under pressure. This will agitate the surface and increase
the available surface area for g38 exchange and result in increased 0. and

2
PH levels and a lower 002 level.
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3. Installation of water-afr mixing devices in ihe sump which willlzs
the venturli effect. The venturi inspirator is capable of producing an
extremely high concentration of dissolved 02. Water flowing through the
ingpirator draws in air through the quarter-inch opening. Air and water are

mixed together and sprayed out.

Cross Section of Venturi Inspirator1
(Full Size)

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 Marine Affairs Symposium on January 11, 1979.

1 See Bibliography
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AUTO REPAIRS; SORRY, NO CARS
by Kevin D. Snider, Pahoa High Schoo!

ASSTRACT

Your probably wondering what sn auto repair articlse
.48 doing in this bock well the "Auto” stands for automated.

This paper is written so that maybe through my idea
there could be & money saving device, so as not to draw more
money than that which can be given to marine science related
projects.

Thia paper is a discuseion of 'Auto’, a remots control
under water mioi sub, which I have designed, and its basic

missions will cousist of ripairs under the ocean,



INTRODUCT ION

Money is the prime factor for big projects such as
Manganese nodule mining. To make up for such big costs,
the miners have to wine a certain amount of manganese
nodules each time they go cut, snd if something goes wrong
below the surface, thay have to stop the whole operation and
haul the mining equipment up to where they can service it.
It takes a long time to rsise the equipment up from depths
of 15,000 feet, snd could cost the production valuable
time. My Auto, is desigued to go down end repsir, if

poasible, the damage saveing time and money.

METHODS CF RECEARCH

My methods of research are few but the sourcea are good. The
first thing that I did after I made my topic AUTCO REFAIR, was to
design a fiAi sub that would scomplish the task of Auto. The
next thing I did was to read a booklet put out by the American
Mining Congress, and look in the encyclopidia for difierent types
of radio.control systema and hydreulics that can be used for under
water. Mostly this psper is application of my ideas on Auto.

With these combined efforts, I have come up with this paper.

RESULTS OF RESEARCH
Pirst I will try to explain what oy Auto does, and doeu vot do.
Auto can go down to great depths and still cperate, bacsuse of the

high pressure housing, and the long rage radio aquipment onboard.
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Auto can oot go for long times of over 5 hours under water, because
she runa on batteries, and thess run down and can only ba charged
for s maxiomm of 5 hours becauss of the limited space. Auto can
go down just for sampling Memganese nodules, or for a look to sees
which way the harveator lhuﬁld go. Auto can not, or I should say
should not go dowm again once it comes up, because of the ballast.
The ballast should be loaded every time the Auto comes up to help tha
electric motors get Anto to tha Bottom. Auto can be storsd sasily be-
csuse of its small size, measuring only 6.5.ft long, by 3.5 ft. wide
by 2.5 ft high, and light enough for two mem to carry. Auto can see
by the use of 4 radio coutrol cameras, so the operatory can see what
ia going on down under.

On the next page is a few drawings showing the workings of Aute,
and views of various parts.

The following is a 1liat to help you imder stand the drawlogs.

Letter of Item Description of Item

P Receiver, for Radio control equipment, runs on batteries

X Engine, runs on batteries, 5 hp. si, and x2, 3 hp each, runs
on batteries

z Batteries, 12 volt, rechargeable

0 Radio Control Equipment, operates all other equipment, runs
on hatteries

A Arm hydrollics, 3 ft long fully ex., 1.5 ft long taken in

C Camera equipment, runs on battaries, radio controlled, 4
cameras .

cT Camera transmiter, runs on batteries, transmits radio signals
to operators

w Wire cage, for samples of manganese, or for brokem parts*®

B Ballast hatch motor, runs on batteries, radio contr lled,
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***

*Bgllast is lead shot, and should be replaced after every use
**¥ire cage can carry broken parts, if they are able to cooe off su the whole
harvestor will not have to be brought up. Or it can bring dive tanks down

to divers
*sepudder only stears up and down motions, for right and left movement the

engines 1 and 2 are turned higher or lower
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CONCLDS ION

Since the early 1960's, commercisl mining intrests in the United
States and in other countries have made large investments to identify,
explore and develop manganese nodule mine sites in the deep ocean. 1.8,
industry has invested over $150 million in this effort to date.

Research and exploration have determined that many billions of tons
of manganese nodules are svailable for deep ocean mining recovery.
Estimates of mere than 300 prime mine sites offar an opportumity for ..
davelopment and noduls recovery.

This means that big smounts of money has to be spent, and every
dollar has to be spent wisely.

My Aato, which I designed and devaloped, 1s en answer to the problem.)
It &mswers part of the problea, not all, but with the rising costs of
mining every part helps.

My Auto does not cost alot to produce, and it would save valuable
time and momney.

With the Auto the miners can fix the harvestor in less time than
origanly took, and maybe my idea has other uses too. Such as diver
rescue and recover operstions. Recovery of loat objects of the
navy or independant research organizations.

It could possibly be modified to clean the bottom of ships, saveing
time and making it easyer on big ships, allowing them to be cleaned in
the water.

My Idea was thought up by me, I 4id not look in & book for the Idea
of Auto, I even designed it before I researched, so when I did find mors
about Auto, I had to redesign it somewhat. I feel that if more people
iovent "work hourses”, like Auto, msns jobe and life would be lese complia=. -

cated, snd sasyer in the long num.
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UNDERWATER HABITATS:
PROBLEMS, QUESTIONS, AND ANSWERS
by William L., Krumpelman II, Kubasaki High School

INTRODUCTION

To give new ideas on the subject of ocean engineering is the
purpose of this paper. 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.

¥ith mans growing population he will be seeking pleasure,
work, and shelter within the sea. This paper is about a way in which
man can seek shelter and study the ccean within its own environmentn
The knowledge taken from such a project would give man a chance to
better his understandinsof his surroundgaon the mother earth,

There is no reason why men should not start now te build a
permanent underwater housing unit or a laboratory for scientific

studies,
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This floorplan layout s an example of things that may be used
in the actual habitat. Rooms may be changed to fulfill the needs
of the user. Blocking a room would have great advantages, be~ause
it would help in case of a water leak in the structure. Also it
would provide safe movement in all other roems, Computers and a
T.V. monitoring system would set off an alarm if a structural
break should ocrur, The breakage would be collected on sensors
throughout the habitat, Thick glass windows would be inatalled
for better observation in the habitat. A small special tank that
is built in to the superstructure of the habitat wil? previde olose

observation on different experiments, It would be connected to the

outside seawater,
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Dia m Diagram 3}
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In my analysis of the ways of ceonstructing a habitat, I neoticed
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 habitats
and peaple staying down permanently and without problems, Corrosion

is one factor in which we have to place emé%sis on when staying

down long periods of time., Costs of building such hablitats must alse

be invdved while trying to find a cheape~ and safer way of experiment-

ation. The keeving up with and securing the habitat will cost money,

Diagram 4
Construction and bringing the habitat

to its site is a big problem. Trying to keep
it self-sustained is another problem. The

Cost of bullding one large cy]inder ana its

base would run at about $700,000 per duplex,
For a 3-story, 24 man habitat, it would run

to about 31.8 million. 1t would oe a coslly

experiment but if it works, all the information

gathered by the experts in the habitat, may be very useful., °If man

could learn to master the deptha of the sea, he could pessibly be a

assured of a large meansure of gond health, an unlimited food supply.

climate cd#rol and a rigantic quantity of minerals and metal."1
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ZIqbther words the money spent on such a large project would more than
likely come back by research findinges and. experiments,

The ideal site for such a habitat Diagram §

vave twd
as T have designed would be in the Gulf SpP
of California, The Gulf of California f )
has a sandy bottom with a rockbed .;aij;ug:vgftffﬁf“ AP
underneath, This would be ideal for my i
design of anchoring the habitat down Sand ancimring
(Diagram 5;,, Depth is alse a limiting r—'°J°
factor in my design, Anywhere form ses
level to 180 feet of water is where the TTW/os" @-"’W‘ﬂm&m@ﬂl

habitat may be set, A 20 feet safety

margin must be made to make sure the

structure ¢-n withstand the pressure.

The Gulf of California is an ideal spot because them are not enough
factors such as currents, storms, ec¢t. to oppese the construction and
every day living on the habitat, Alternate sites can be made in the
Gulf of Mexico, in the Bahamas, 2-d ir the East China Sea, Some areas
in the seudh South Pacific are good because of the warm waters and
sandy areas,

Construction of my design of a habitat must be on land, where

all the fine articles can be installed with no problem., The habltat
would ha¥We to be towed out to the site or brought out on a special
ship. Then it will bhe transnorted down to the lecation on which i:
.will sit. Diagram & shows one method in which the habitat may be low-
ered, This type nf lowering svstem is almost like ar zlevator. Also
in my system of construciion the single habltats can ©2 =2tacked and

scattered throughout the sea bottom all connected to each other,
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Diaram 748 showcs how this may be done and how they would be connected,
This method would make it possible to be like amunderwater ocean city,
This system could be 2 mil@stone to many such construction works and
laboratory systems, The structure would have to be bullt to w!thstand
obstacd®s for many years to come. It would have to be built as a thing

to last permanently.
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Here are five different energy sources to supply the habitat,
Battery packs can be used on the habitat and can be recharged after
short periods of time, This would be a costly mangyver and would
hamper the everyday living by ha¥ing to be changed in short periocas of
time.

Solar energy could be used in great extents in the habjtat if
it were located in ?ija, California, This is because it is near
the equator, where most of the sun hits., fThe sandy penisula of Baja
wonuld be an ideal location for putting up a solar energy paneling
center for producing elecir'city for the habitat, This would he
costly at first but then would be refunded back by the progressz in

the habitat, This method would more than likely be a great suaess,
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Geothermal energy can be also used on land and in underwater
faults, Geothermal energy is getting energy from the eartns ‘aults,
hot water sprinegs, and other things having to do with underground
heat., 4&l1sc underground springs and currents can be used by going
through a turbine engine which produces the energy. Wind energy can
be used above the habitat, rotating a turbine, which in turn turns
the turbine preoducing tﬁe energy. This and the others would have
to be built in a way so that they will not effect the ervironment's
way of life in a harmful way,
A nuclear energy reactor can be_used for an indefin‘te time if
it is 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:ticn waould sprmd *-rourhout
the habitat killing the inhabitants. So precautions must Le administered
in order b keep the hahitat safe. A nuclear reactor is used in
todays submarines and araitery sucessful., It would be very costly,
but the labor cost, running cost, and parts cost can be deducted in
the end and would end up being a profitable buy,
A) Por a structure thzt is not thick enough to hold the
pressures at a certain depth,
If the structure 18 net thick erough to hold the prescures cf
deep depths, then the 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 2 Helium, Nitrogen, Oxygen oagggﬁ;gi The peeple in the
habitat could only talk l%ke Donald Duck., So these long experimentation

projects could phvsiologically have problems in the peeples’ ninds,
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The habitat could only g0 down so far because if the pressure inside

is the same as ocutside, the pressure may kill., The habitat can have air
administered three wavs, air cables from land, a snorkel method, or by a
cascade system, The cables would have to be highly prescurized at all
times in order ¥6 keep the flow from land to the habitat guing., But a
minor few meters on a gauge can mean a life and death situation. The
snorkle method can be used with a compressor in the habitat te suck

the air into the habitat from the Surface and distribute 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 dackup
for the snorkle.or for the main use on the habitat. The cascadea system
is a system in which bottles of compressed air are used to let out air
im the Habitat, Almost like the use of a scuba tank, The pressure in
the habitat must be the same as cutside, so a computer base in *he
control room has a detector to tell if there is a change in pressure,

A buszer would go off alarming the inhabitants that they arein an

emergency situation, The pressure inside will 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 (14.7), My structure of A212 grade B steel
¢375 inch thick would be just suitable for 200 feet and lesc (Same
construction of submersable STAR I}, The snorkle system ~i.h a cascade
backup system would be just right for the gsize of a structure. i
Once divers go down more than 33 feet they start collecting Nitrogen !
in the =kin cells. This process after a period of time is calle-

saturation. When a diver becomes S0 Sdurated, he must decomgpress
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in order to let the excess nitrogen out of the sktn, If a diver
comes up toofast under a saturated condition, the nitrogen does not
haye time to get out so it collects in jrints causing the diver to
get "bent", To keep this from happening we have a Cachalot diving
system which consists of a decompression cylinder cn a support shlp
and a smaller transfer vessel to bring the peeple from the habitat
to the decompression cylinder. Peaple living 200 feet down must
decompress about one full day in order to be safe. Once the peaple
are saturated they may stay down permansA€ly as long as they do not

come to the surface of the ocean,

Air can be pro‘lced from a cable system from land, a snorkle from the
surface or a cascade system in the habitat, For the snorkle method a
air conditioning system can be used, In the grids of the air condition-
ing ducts, could be a substance that will break up CO0p. This is done
in some submarines to help the ajir situation. Fans can be used in the
habitat if the prescure inside is the same as outside, and a 70 degree
F temperature would be most suitable in both different types o»f habitat
structure, The air compound in the habitat, which has théﬂ;;;ssure inside
as outside, would be made up of Helium, Nitrogen, and Oxygen,

Corrosion can be a damaging thing underwater to a permandi&
structure for use every day. Because of this I tried to find other
ways of trying to defend our atructure. In the second elevation on
page 2 (Diagram 3) the outside coating is plastic or plexiglass with
a wire mesh for reinforcing the plastic. The bottom is made of concrele,
for extra protection, Concrete Plastic, and Plexiglass does not corrode
but may collect few barnkcles. Thes~ would not harm the everyday

1iving of the habitat, On my drawing (Diagram 3} the prescure inside
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would have to be the same as outside making the. inhabitants breath
Helium, Nitrogen, and Oxygen compounds and talk like Donald Duck,

Another wav to stop corrosion is to put zino plates on your metal
structure to help keep away corrcsive items, This is used on any
submarine, Nuclear or Desgel., An elevation is on page 2 (Diagram 2)
Sshowing the structure with its zinc plates,

Safety is always a factor in all things that g0 underwater and
my habdbitat §{s not an exception. Rooms may be blocked in case of a break
in the structure of the habitat, This would provide safe passage
through other compartments, 1f the Super structure is fiberglass or
pPlastic then the pressure inside would have to be the same irside as
outside, only if the habitat structure was thick enough to uphold the
prescures from the cutside Seawater, In case of a pPressure change the
diving room can e air locked or water pushed in to provide acess to

n
divers. This can be done ‘l1ike on Jacques Cousteau's Gonshelf which

the pressure is the same inside as outside, leaving easy acess through
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 are in full uniform, the outside Seawaler
is let in and when it is al1l the way full the divers can open the
hatch and get out.

A decompres-ion chamber 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.vY, monitoring system, a phone hookup,
and a set of electronic coders areused in case something might happen,
Doctors and technicans ecan Stop by every 2 to3 months when the supply
ship comés. This is the time when the inhabitants of the hatitat are

analy¥sed, If the supply ship does not come on time then, there would
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be stored in the hahitat enough extras to last at least up (o 10 days,
One 2ud 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 hab;tat. If a storm or rough seas should be gnecountered by
the supply ship, then this extra supplv will be used, Alsc provided
is a suuﬁrine for transport and supplies in case a need should arise
and someone from the habitaf 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 fumeé 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 of an electrical cireuit or by just
common accident, The fumes from a fire could become fatal in m
underwater habitat while under preszure and pressurized air,

A shark cage is built in te the opening on the bottom of the habitat,

It i8 used for 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 would
mix with the Helium, Nitrogen, and Oxygen compound and if you had
enough of it, it would be poisonc.is., Therefore no cooking, smoking,
or other things doing with swuoke or fumes canmet be used in this
habitat. In this case all the food must be precocked or concentrated,
If you would like your food warmed You may de so if you use an infer-
red heater to warm it up{not coox 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 te the poisonous kind.

142



Trash and sewage will be stored in a large container on the bottom or the
nabitat, After long periods of time they will be removed by a supply
ship and replaced with a new one, Since they will be using precocked
or concentrated foods, there would not be much trash and thus be the
minimum,

If the structure permitts 14,7 psl inslide the habitat or sea level
pressure, then you cculd 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 havitat,
An aquaculture farm outside the habitat would help provide both meat
and plant foods to the inhabitants of the hapitat,

‘ All costs to the making of my plan of a habitat could be

refunded by the work in the habltlats field and laboratory results,
This would help bring mining, aquaculture, and professions closer

to the environment and thus making new progress in fields of sclence.

“In the not too distant future there will be m~re jobs available
for undersea workers- mapmakers, engineers, zoologists, biologists,
underwater farmers, salvage workers, divers, miners, mineralogists, and
a host of others for persons skilled in oceanography.”?

* With -the crowding generated by our population e}plosion, it is
likely that, in the near future, pepple may seek more and more of
their recreation in the sea, There 1s no re:zson at the present why
gilnt. dome-shaped resorts ahould not be submerged on the whlite sands
of Bermuda, providing fantastic views of the sea life all around,
offering easy acess to the sea by a diver,”?

1 say that my plan and my site in the Gulf of California would
be ideal for this information in the above paragraph, This could be

maﬁ% reentry to the sea where he first came out millions of years ago.
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FOOTNOTES

tMilton R, Machllin, Our Future Under The Sea, 1968, Birk & Co.,
inc,, page 6,

2Same as above page 14,

JSame as above page t&4,
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THE OCEAN: A NOURISHMENT FOR MAN
by Patricia T. Fernandez, Sacred Hearts Academy

ABSTRACT

‘The otean 4z a rich naiural storshouse for man, Man has locked to the
sosen for nouristment, energy, medicinve, industrislization, and many other
things. Ithlbmdiﬂimltformtoobumthchrvutu, for many ob-
stacles lie in his wuy, Todqthmmn«equimtamtecfmiqmato*
overc.ms thawe obwtacles, Several new techniques and devices would be men-
tim.dtosﬂtnmrhhmtofthaoennmotﬁdmuy,hnnthatthm
hammhhhdmeoofthalpeciuinthcocmtonvuiduunctim.
This is what my mroject is about,
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Iatroduction

The ocesn is a rich patural storehcuse for man. 1t is only in modern times
that thers has been recognitica of the vastness and the varisty of richness. Man
emldﬁndumldutb-oennnt.bwurthlnsbcncdstaulnMnnungin
mbltmlfo:titdlthonmmﬂuhndmtovmlham.

Man has locked to the ocean for pourishaest, energy, medicine, industriall-
zation, and many other things. 'mcooanltnlhunnyumtotom.d. And
because of this, it has been d1fficult for man to obtaln the Larvests, for sany
chatacles lie in his way. Today there are new squipments and techniques to over-
coma these obstacles.

Several new technigues and devices would be mentioned in the nourishaent of
t.h-ocuninmichmmstingetamtnmtoffoodfmlthoocunm
afficiently, but so that there is a reasonable balance of the speciss in the

ocean o avold extinctiom. This 1s what my project will be about.
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The Ocean: A Nourishment For Man

The ocean has ihe potentlal to enrich man in many different ways. The
Sea's ability to nourish him is a mors lmmediate bearing om his well -being.

The rapld growth of the population has created an increaslng denand for more
food that land resources cannot meet. If new means of food producticn are not
found, then worldwide starvation would draw near. i"A former director of the
United Nations Food and Agriculture Organization has estimated that befors the
middle of the next century the amount uf food required to fesd the world's ex-
ploding population will be eight times greater than it is today. And at the
same time land resources are falling farther and farther behind in the iace to
keep up with needsa, lom land will be taken out of cultivation to provide homes
and factories for the great amount of people.”

Better uss of availahble land resuorces would halp, but there 1s a limit to
the production of the land. It is not a final solution to our future problenm,
All around us ia the anawer - the ocean.

Today great emphasis is placed on the scientific methods in the probles of
obtalning food from the ssa. HMarine hiclogists are putting to use the tech-
niques and devices of oceanography to uncover a new level of efficlency ln com-
sercial fishing. _"¥hy do some fishing vessels return with half-empty holds;
have the fish migrated 1o another ares? If so, why and where sis they go? What
caused them to leave thelr usual haunts and what attracted them to thelr new lo-
cations? How do salinity, temperature, and other oceanic variables affect fish?
Do the various species possess any specila characteristics that would snable then
to be harvested more readily by one method than by another? Are there ways %o In
tpsure that more fish egss will hatch and survive to grow into mature animalas?

Are thers certaln times shen particular specles or particular areas should nol

1
Yernon Prigser, The World Ocean, p.139.

2pobert ™ 1ler, The Sea, p. 302
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be fisted in order to protect and enhance future harvests?” The answer to
theze and other basic questions that marine blologists ask and try to answer
will drive forward commerical Tishing, which has always been a backward irdus-
try.

The influence of sclencs s already making itself felt among fisharmsen,
Even though marins biologilsts have unly 1ittle information to work with so far,
they are achloving a high degree of precleion in pPredicting the times and the
placea where certaln spacies of fiah will appeax, and often a full ysar in ad-
vance., As s result of their achlevement, fishermen in New England watars have
lsarned to plan their operationa arcund the forecasts isaued by the U. 5. Bu-
reau of Commercial Fisheries. When oceanographers have gained ail the marine
animal information they are looking for, long-range fish forecasting services
are bound to become more widespread and more accurate,

Besides telling fishermen where to harvest the Seas, marine specirlists are
Are showing them ways to fish more effectively. Almost all fishing btoats to-
day,even thea more modest ones, are equipped with sorar to find deep, large
amount of fish by echo sounding. 3'Shrlnp travls -great sledlike traps that
are dragged along the bottom-are now provided with electrodes that shoa: the
shrimp, causing thea to emerge from the burrows into which they crawl during the
day; thus shrimping has become an around -the-clock operation whereas 1t ogce
tock place only at night.™ Soviet fishermen lower 1ight sources intc the ses %o
cause masses of fish to come together for ®asy catching, knowing that light at-
tracts fish, V¥nile American fishermen fiah in independent single-ship opers-
tions, many foreign fishermen opsrate in fleets that include supply ships and
freezing facilitles to preserve their catches, This type of operation enables
thea to stay at sea for an extended perlod and to bring in great amounts of flah.

3
Priser, p. 141.
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One of the newer techniques making an important contribution to larger
catches is purse seining, In this mothod, as soon as & large group of fiak ia
located, the fishing vassels Puts small boats over the side to encircle them
with the seine which is an enoxmously long, wide stretch of netting, u"‘ihen
the saall boats have completed their huge circuit of the eoncentration, pay-
ing out the seine en routs, they have fenced off the fish behind the netting,
the dop.ef which is supported at the surface by buoyant floats and the bottom
of which is open, Along the bottom of the seine are metal rings through which
a cable is threaded. Xow the fishing vessel begins to reel in the cahle on ft=
powar wiches, As the cahle iz taken vp it closes off the bottom of the seline,
creating a glant “purse® aliva with thrashing fish. So many fishes do thase
Purses scoop up thet a mumber of vessels employ a kind of "vacuum cleaner® -a
large-diamster suction hose to inhale them into the hold of the ship.”

The whalers are the best equipped and the most mechanixed of all the har-
vesters of the sea. Vhaling expeditions are highly organized undertalings cen-
tures around factory ships supported by an arsada of catchers, tankers, and re-
frigerater ships, The catchers -szall, fast vessels directed by helicopter
spotters and armed wdth cannon that fire explosive-tipped harpoons, are ciose
in fo the kill, The :l'acto:.cy ship then takes the catch from the catchers., The
catchers then steaa off another whals. Meanwhile, the factory ship crew lifts
the whale up on the ramp and starts it through an assembly line that efficlently
reduces that great enormous carcass into moat, into blubber that 1s rendered in-
to oll, and intoc all of 1ts other usefu: resources.

Increasing the fish catch is very harmful. It aust be done with reasonable
asount needed in order to preserve reasonable balance among the fish population.
If not, then there is real danger of some species becoming extinct. Ruthlass
hunting of whales has brought them to almost depletion so that international

l.1’1-:|.sau'. P 141,
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agreeasnt had to be reached to regulate whale catehing, There are tuo opposing
elements in putting an influence over the astter of harvesting the bewntiful
sea. One 1s the pressing need of a world hwmgxy for pretein that is contatned
in fishes. There is also the need to prevent the more species froa coming ex-
tinct. There are several means of overcoming the apparent contradiction between
these two influences.

One answer 1s to alter public eating preferences, to increase the varieties
of marine foods that people eat. There are hundreds of species that fimhermen
toss back into the sea because there 1s not a demand for thea. Seventy-five
percent of the world's eatch 1s confined to several types of fish., People do
not vant to try other types of fish that are strange to thes becauns they are
used to the other types they have already tried and liked. If a type of progru
could widen people's eating habits for under-fished specles, then 1t would help
preserve the more demanded varieties. Sometimes it 1s because of the nane of
the species. But the dogfish 1s an example of acmeone with imagination who 1n-
ventad a dish and changed the name into "ocsan perch,” giving it a better sound
to 1t. People began trylng it and liked it. Ever since that incident, 1t has
become a popular species, Now they are called “cutlet fish."

A most promieing solution to the world's need for more animsl protein is
FPC, fish protein concentrate, called fish flour. It 1s a coleriess tasteless,
odorless and highly nulritious powder. It is produced from fish of almost all
types, including the so-called “trash® fish that ars never trought to market.
FPC is pot eaten alone, but it is alxed with other feods such as milk, soups,
or btread. It provides the same nutritional value of a plece of steak, when it
ia added to ordinary flour and baked into bread. That 1s, a slice of the baked
btread with FPC has the same nutriticnal value as the steak, and imagine the low

cost,
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Despite the advantages provided by FPC, there are still problems. Flah
flour is still made from the whole fish. Resistance to the use of FPC is basad
on the fact that it is the product of the whole fish, including the insides.
Because of th.; fact, people claim that the fish is dirty, But these pecple ww
assuxe this do not realize that oysters, clans, sardines, and several other types
are eaten whole, insides and all, and nobody considers them dirty. Today the FPC
1s used for protein for poor nations all around the world.

Another means of getling nourishment from the ocean is through aquaculture,
There is no reason why the techniques used to increase the productivity of the
land cannot be used to increase the productivity of the ocean. 5"th not stake
out oceanic ranches whers salinity, temperature, currents, and other conditlions
would support the rapid growth of marine 1ife? WVhy not fortilize these ranches
with the nutrients on which sea animals thrive? W¥hy not stock them with selected
tnusofb:eedingﬁshinthesmwthatlmdmmpnubndm to im-
prove thelr animal resources? Why not control marire pests to prevent hare to
the underwater species?™ These things have been done or are already being done
to some degree,

The most advanced aquaculturists are th- Japanese, For more than half the
century they have been producing cultured pearls, Not only do they produce
pearls, they also produce large quantities of marine specles for food., They
Taised great amounts of oysters, bass, sel, shrimp, and othar- types of foed.
They are also well advanced in different types of seaweed. So for the Japanese,
they ars well advanced. They will be able to feed thelr population without
harming the balance of marine life.

As for the western world, they are behind the Japanese because they have

5Prizer, p. 144,
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concentrated only on the ratelng of fresh-water fish. Jalt-water aguaculiure has
been lixited to only oyst-rs and class. But now these restrictions are changing.
Men are now doing more activities in agquaculture., And because of widening their
activities, they are advancing more into squaculture,

Yozld food authorities are presaing for more effecilve ways of getting nour-
i=hment from the sea because they ars very aware of the race between man and his
supply for food. They are alsc very amre of the fact that one out of every five
persons 1n the world today lacks eufficlent protein in his diet, and if man would
uss his intelligence to get 1t fros the bountiful sea wisely. They have claimed
‘that the ocean bas the potential 1o provide protein requiresents to thirty til-
Il peopls.. Such is the bounty of the asioniahing sea.
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Conclusion

m-uhuulotofnmmatooﬂorm, Af man {8 willing to discover
i1t, One of the more important riches of the sea 1s the future food for man.
Man iz now looking ot the ocean for nourishment because right now in this world th
there 13 starvation. Reasons for this are that the land has a 1imit to its PTO~
ducticm, over population, and high costs,

lmhlfumdneuhdmiqmmddqﬂouincatd&ingmt asounta of fish
totntosolnmofhispmblm. The sonar is used to find achools of fish
iz deep waters. FPC,.a food protein, has been discoversd which can feed pecple
at & low cost. Agquacnlture has beem started in several different citles of the
world. Andhmofqmltm. man bhas found new wmys to increase the pro-
ductivity of the ocesn. )

Now you see why the ocean 1s bountiful 10 man in nourishment., And by ex-
ploring it, man has overcome several of bis prodlems in survival. Since man has
otil) a lot to know about the ocean, he 13 still exploring 1t for further riches
for his survival., Man haa already progressed and still much further, All man
butodoilnottohmthoocemMmwaarltnightdestmyhhonlym-
ture survival. Let the way he has treated his present environment teach him &

lm.
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CAN THE SHARK BECOME A MAJOR FOOD RESOURCE FOR HAWAII
by Scot K. Tsuchiyama, Kauaf High School

ABSTRACT

Ve are nov learning how to use our oceean resonrces sore elfeotively.
One reacurce which might de a future resource is the shark,

The shark oould be a food resource for the future but there are
barTiers in the way. The barriers exist bdetween the fisherman and the
retailer, the retailer and the consuser, and the consumer sand the shark.

This paper will ezamine some barriers which exiat,
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The ashark is the legendary terror of the sea. The shark was built
3P by the media to a poiat where the memtion of a shark vould bring
about & fear in everyone. The sovie sakers added to this by produoisg
movies like Javs, The Deep, and Jawa 1I. Throuwgh thesc movies the pub-
110 has seex somwe of the bad sides of sharks. Like aaything eles the
shark alse has a good side. I think the image of the shark iz beginniag
to change and this say opem ether doors for the shark. One of these
doors maybe the developing of the shark imio a viable food resoures.

It has Deen proven that the shark has the potential to decome a
wsefnl food rescurce. Before 1954 the shark was used by the fishoake
industry as a binder in its fishoake. BSome asbarks vere reperted to be
better binders tham others. Some which were favored wers the hammerhead,
golapagos, sandbar, vhite tip, thresher, and mako. Legislation vas
pessed that killed off the shark fishery here im the ifslands. Thias
legislation required that the ingredients going into ihe fishcakse de
listed. Between the Years of 194k and 1953 befors the legislation was
passed, 21,000 pounds of shark were sanght psrs ynr.1 Thia nwmber
dropped significantly to 200 pounds in 1954 and 12 pounds ia 1933.,

Tweaty-one thousasd pounds of shark per Jear in 1953 is very good
compared to 117,542 pounds of mahimahi and 71,600 pounds of omo caught
in 1975.3 On Basy Rider's two ahark catchiag tripa the total smownt of
shark ceught was 2,000 pounds on esach tri.pw This amomnt eould rige if
shark were caught om a regular basis. Departsect of Flanniag amd
Economic Development studies have concluded that ahark fishing in
Eavaii could yield betveen 230,000 to 325,000 pounds of dressed shark
@eat. This shows that there are a lot of sharks out ia the ocean juat

vaitiag to be caught.
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The first step in gettizg this 230,000 to 325,000 pounds of shark
to materialise would be to ot the shark caught. The fishermen whe go
out to fish are the first 1inmk iz the chain which might lead to the
materialisation of a shark industry here in Eawail. The first question
one may ask ias vhy haven't fishermen fished for shark. There maybe
Bany reasons for fishersen not fishing for shark but to explore avery
reason in ome paper may take too long. I will only give apd explain
some of the major prodlema which deter fisherswen from fishing the shark.

One reason for not fishing for ahark is that shark meat must be
cleaned and dressed quickly after it is landed or else it will apoil.
After a hard day or kard night of fishing, fishermen are usually too
tired to clean and socak the shark meat in brine water. The shark meat
sust be soaked ia brine just in case the meat has a high urea content.
Iamediately after soaking the mest in the brine solution it wmst be
1eed down. The meat must be iced down immediately or it may spoil,
Shark meat spoils very faet cenirary to popular btliafs.s

The cost of catching shark ia very high becanae you must spend
money to buy equipment and the returm oz the initia) investment ia not
very good. The price for shark meat now is detween 35 and 50 centa a
pound.? For a fisherman to make Woney on & shark he would have to sell
the sbhark for 50 cents or bottar.s Fishermen are willing, hovever, teo
lover their prioce if limitationas on size, samount, and species of sharks
are not imposed. The fishermen who ars willing to lower their prices
are those who accidentally catch a shark snd bring it to the market.
These sharks caught are a4ctually a supplement to the fishermen's ip-
come but nevertheless these sharks take up valuable spece in a fish box.

This space in & fish box is ancther reason for mot catching sharkas.

This space can be filled with other fishes with a higher wholesale price,



A ten foot shark weighs abomt 200 pounds and sella for 50 cents & pound
while ahi of the same veight may receive over $1.%0 a pound. Tha price
of shark right nov is too wastable for fishermer to risk the space in
their fish boxes to a shark. 4 Survey was taken by the Department of
Planning sné Xcomomie Development and it showed that 1f the State would
subsidise the fishermen so that the bottom price for shark weat will de
50 cents a pound, fiskermen would be villing to bring in sharks caught
lccidcltllly.s This idea of subsidies looks like the only vay shark
fisheries will decome a reality.

The restaurants and retail fish outlets slasc want State money in
order to make shark available to the public. The retail fish sarkets
are the main outlets through which customers buy fiih. sishermen are
askiag 50 cents for a landed shark and a dollar for fillets. The
retall stores are >nly willing to give 25 to 60 cents a pound for a
.hark9 which means there's a discrepancy of 25 cents. Thig diserepansy
is caused by the amount of ehark which has to be thrown away. The only
thing which is wseable to the retailer is the shark fillet. The shark
head, guts, and fins must be disoarded becsuse there is no sarket for
thea. The retailers doa't want to take the riak of buying shark and
te fiad cut later that there is no consumer interest in shark f1llet.
This is wvhere the State money comes into the pioture. The retailers
vant the State to subdbsidisze them in & shark meat pro-otion.oa-pnigu.

A recent survey of retail stores om Kamai by the Kamai Righ School
Distridutive Education class showed that 60% of the stores surveyed
vounld sell lhlrk.1°

Seventy-eight perceat of the storss would stook their shelves with
sahark if the State was willing to spend msoney to promots shark l-nt.11

This promotion of shark meat 1a needed to got consumer interest. Aifter
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interest is reised the price of the meat might go up snough 80 that the
fishersen and retailers can resch a prioe vhioch would suit both parties.

The restaurants seem to be the best ocutlet for shark at this time.
The restaurants and fishermen sees to be more in agresment om the price
for adark meat. Ths reataurants are willing to PAY betweer 50 and 95
oents a pound for dressed shark lolt.12 This price for shark meat seeme
to sest everyone's desand and the price on a menm night aleo be reasom-
able,

Another prodlem arises though & Kanai High School Distributive
Education survey of Kawai restaurants indicates that only 29% of the
restaurants surveyed are williag to put shark on their nonu-.13 This
shows that restaurants are not willing %o put shark meat on their nenu,
This negative reactioa, bovever, is not solely because of public reac~
tion. Public reaction is a big part, them comes perscnal reaction by
the restaursat owners. The Kawai High Sckool Distributive Rdnecation
survey shows that 40K of the restaursats wouldn't sell shark because
of publie rescticn and 60% gave other reasons which weren't on the
survey (the four reasons listed en the Survey were price, public re-
action, doa't kmow bow to prepare, uthora).1~ The restaurants ars
villing to put shark on their memus if thas State is villing to prosote
shark meat. On Kauai the 29% wvilling to put shark on their menw
changed to 57% if the State promoted shark -cat.1*

Promotion of shark seat ssems to be & vital link in the materia-
lization of a shark meat industry. These promotion caspaigns are to
persuade the consumer to buy shark Seat. The oonsumer is the last ead
woat vital link in the ohainm, The consumer at this point has not
really overcome ths Psychological bias it has with sharks., VWith movieg
like Javs the shark is seen as an indiscriminate killer of man.
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This psychologioal bias the public has io totally false. Solenti-
fic atudies have ahown that sharks kil) for a resson. Ome ressom is
territorial boundaries. BSharks and shark packs all have definite
bounderies which they patrol. IXf someone intrudes a shark vill
naturally attack. There are mcre reasons for shark attacks liks ale-
takea identities and the sharks role as a soavenger. Thess are polats
whioh might persuade the pudlic to duy shark meat, The Kauai High
S¢hool Distributive Education survey has shown that the maln reason
for not buying shark is the history and publioc image of the -hart.16
At this poiant people have mot totally accepted shark as a food resocurcse.
Torty-seven percemt of the people surveyed by the Kauai High Sohool
Distributive Educatioa class sald they would buy lhart.17 Thias figure
shows that with a 1ittle bit sore persuation the pudlic weuld buy shark
meat regularly becauss of the shark's food value.

The consumer alsc needs to de informed of the food value of shark
meat. Shark meat is often compared to delicacies like sword fish,
orab, omo, and mahimahi., This is contrary to popular beliefs that
shark weat is tough, is bitter, and has an awful smell. Shark mest is
a high source of protein which needs to be emphasized more becanse it
is inexpensive. Shark meat ia also very low in mercury content. The
State lav requires that the sercury content be ne more than 1 ppn (parta
per million) vhersas the FDA has set mercury content in fish to de o
msore than 0,03 pym. Data cowpiled during a 1971 shark control progras
shoved that the mercury content of sharks in Hawsiian waters is low
gompared to other fish canght iam Ravaiisn waters. In Australia the
conclusion has been reached that size and mercury content is propor-
tional, Contrary to this Hawvaiism sharks show no corrolation betveea

sise and sercury content {see table).
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Ia 1967, under a University of Hawaii prograa to control aad
research shark, 100 pound of shark was sent to Australia. The Hawaijen
shark meat wvas prepared and tested under the superviasiocn of NMr, Norman
Levis, head of the East Melbourne Fishing Company. The prepared shark
vas coapared to Australiam shark and the results vers that the Hawvaiiam
shark meat vas quite moceptable as food and that the Hawalian shark
taated adout the same as Australiam shark meat.

Ia Australia, skark is commercially marketed in "figh and chips*

& lesal faverite on mepus. Shark is utilised all over the world and
also prepared in different ways. Noet sharks are camcuflaged with
other names. In Britan people eat shark in "fish and chips.™ Chinese
21l over imerieca support the sherk fishing industry by buying shark
fins for shark fin sowp. Shark sest i{s scld in Avstralia under the
aame of flake fish. In Jepan people readily consume shark becauss of
necessity. The Japanese ocomguaer's main source of protein is fish and
the demand is so great that the consumers wiil buy any fish,

One experiment vas tried in Hawail to determine vhether shark ocould
be used as prawn focd. In the sxperiment 47 pomnda of shark seat vas
fed to approximately 600 pounds of fresh water prawn. In 24 hours the
pravns had esaten all the shark flesh. This shows that ahark filletas
oould have other uses £in the future.

Ia cenclusion I would like to say that the saterialisation of a
shark fishing industry in Hawaii is not very probable. Although the
potential is there the money needed to start the induatry is soarce.
Everyone imvolved iz the materialisstion of a shark industry is scared
to take a losa. Everyons vants State hslp but to spend so much with
1ittle benefits ssenmn to olose the Coor on Stats fumding. Even if tha
shark were fished extensively the industry might kil)l itgelf out. The
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shark's reproductive aycls is long and the replenishment of sharks is
slowv. These are the sain reasons wvhy shark fishing say not be feasible.
One last ressocn may be that current intersat is 2ue to the shark "oraze”
or “fad®. The wovie Jawvs and Javs II have drawn considerable interest
in sharks aad as a survey by the Departmeat of Plsnning and Rconomic
Developaent has showvn, people buy shark out of curicaity.
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Marcury analysis of flesh of sharks caught during
the 1971 Shark Control and Research Program

_ TOTAL MIRCURY IN
~SPECIPS DATE AREA LENCTH __ FLESH (ppm)
Tiger 6/6/71 3 6 ™ .02
Tiger 6/5/1 4 4 o% .01
Tiger 172 21 1° o~ .09
Tiger 6/6/11 25 14 6" 06
~{ger 116/ 28 14 6 03
Tiger 776771 25 9 ov 07
Tiger 776/ 25 10° & . -03
Tiger reim 25 10* 0" .03
Tiger 776/ 23 10° o" 03
Tiger 1/8/71 27 9 & .0%
Tiger /847 27 a8 o" 04
Tiger 7/81'?1 27 8' 6" .03
Tiger 1/8/1Nn 27 14 &" .06
Tiger 178/ 17 15* o” .07

" Tiger 7/8/11 27 12° &~ .02
Blacktip 7/6/11 23 6'13" .27
Blacktip 176/ 23 6 7% J4
Blackeip 1/8/1 27 6'11" .06
Blacktip 7/8/n 27 6 9 .07
Sandbar 6/6/71 3 5* 3" 03
Sandbar 1/8/ 27 $' s +10
Galapagos 6/6/N s 7 ” .05

Tes:er{ Albert L.,

versity ox

Cooperative Shark Research and

Control Program,

» Homolulu ,

Final Report 1987-5Y, Uni i r Hawail, H lu] December
» » page . .
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THE IMPORTANCE OF ALGAE
by Annette K. Oishi, Pahoa High School

Abstract

Algae, the vegetation of the sea, is as
old as history itself, And 1it's many
uses i3 ever increasing as it iz being
researched. .This peper discusses some

of these uses,
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Introduction

Algae, seawesed, kelp, and limu, When referred to, they seem to have
the same definition. But when researched, a clearer understanding was
obtained of the difference between them. First, I will try to give some
background information so that when I refer to specific names, they will
not cause confusion as it has done me in the past.

Algae i3 called the vegetation of the sea. It ranges in size from
microscopic to a 100 feet ar more in length. The algae are grouped ac-
cording to their colors of blue-green, brown, green, and red, The blue-
green algae belongs to the Kingdom Protista, While the rest are considered
to be in the Plant Kingdom. The large marine alga: are called seaweeds.
The seaweeds of cold waters are chiefly hrown algae. Those of the tropics
are chiefly red algae. Xelp is a kind of hrown algae that is found along
many seashores of temperate zones. And limu is a Hawailan name for sea-

wead,

My reason for research was because the topic, algae, had seemed quite
interesting. It had often occured to me 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 prominent
"weed” was needed., When researching my first title: Nutriticnal Values
of Algae, I discovered the many other uses of algae, These of which were
Just as importan: as it's food value. 1In my paper, I will try %o show
what T 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 secaweedswas probably as Dood for man and beast.
The eating of seaweed has continued to the present day, especially in
China, Japan, and Hawail, Amongst these over forty species are used.
Hawall's past includes limu as & source of part of the Hawaiian diet,
"It was the third component of a nutritionally balanced diet consisting
of fish and poi, together they furnished the necessary proteins, carbo-
hydrates and meinerals for our adequate nutrition”. In Japan, as well as
Hawaii, seaweed 1s a part of their basic meal. Some of the various
Japanese foods prepared from seaweeds are arame, which comes from Eisenia
bicyclis, hijiki from Hijikia fusiforme, miru from Codiun, wakame from
Undaria pinnatifida, and many others, In the Western world, some 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 E, 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
olls and may have been partially responsible for the low incidences of
coronary occlusion in primitive Hawaii.” Many seaweeds contain antibiotic
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 varlety ranges from belng an anciert
prescription for dropsy to the Irish brew sea moss put in tea to cope with

coughs and mild stomach disorders,
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The brown algae, kelp,is an Llmportant source of lodine, Since sea-
water is rich in trace elements, these seaweeds are able to absorb them.
The trace elements include significant amounts of coppar, mangansse,
phosphorus, as well as iodine, It's iodine content can be partlicularly
valuable in preventing goiter, a disorder of the thyrold. Iodine is still
manufactured from kelp in Japan, where Laminaria, Ecklonia, 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 iz one of the

few listed as having a high calcium content,
The modern kelp industry Includes a sticky substance called alginic

acid. This substance is extracted from kelp. Algin has been discovered
to have many cosmercial uses because of it's ability to hold several
liquids together, Algin is used to manufacture artificial fibres, sta-
bilize ice cream, and thicken cosmetics, food, and qt)ttr products. Gauze
contalning calcium alginate, ancother 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 creaming agent in the production of
rubber from natural sources. Derlvatives of alginic acld also have their
uses in medicine,

Another important use of algae today is the production of agar-agar.
Because of it's gelatin-ilke substance and ability to resist liquefaction,
it is chiefly used In cuituring bacteria and fungi in laboratories.
*Although agar may be extracted from at least twenty-eight spacies of red

algae, the known source ls the algae Gelidian amansii”, Beslde being a
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culture mediun, it serves for a number 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 medium for liquids, the
makings of medicines and cosmetics, and the thickeming of ice cream.

Seaweed is used as fertilizer because of it's richness in trace
elements, It contains nitrogen and potash which is important to the fer-
tility of the land. Seaweeds such as Lithothamion contain a great deal
of lime. These are used on acid soils.

The use of algae for the treatment of sewage has recently developed.
We look upon sewage as a waste material when the truth is that it is a
potentially valuable raw material. Sewage contains minerals that are much
in demand to build up the fertility of the land, Because of algae's oro-
cess of photosynthesis, the supply of oxygen needed for the bacteria to
break down the organic matter is provided. And at the same time thzz will
absorb into their bodies much of the soluble nitrogen, phosphorus, and
potash that would otherwise run to waste, After this process of bhioclogical
oxidation 1s finished, the aljae can be harvested and saten by man, fed to
animals, or used as a fertilizer for the land,

We must not forget that although we do not as of yet nourish ocurselves
on microscopic algae, we do 20 whenever we eav fish. All foods that the
fish depends on always leads back ¢o 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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Conclusion

'l'hrou;nmyrasearch, Ihawdiacwerudtrnnnnyinportantmsd
algae, bothinthpastandlntrapremt. Ihaveallomlimdthtuny
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: SEAWEED
by Roxanne C. Kiyabu, Sacred Hearts Academy

ABSTRACT

The content of this paper includes discussion of waricus types
of seawsed, their history as a nutrient, present use made of sexweed
in food products, and ita potential use,
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I Introduction- Man and the Sea

“an has alweys used the ocean and products from it to eep him-
self alive. PFrom it he took animals to provide himself with food for
his body, oil for his lamps and stoves, and skine for his clothing.
He has extracted minerals from it and purified its water to drink.

He has travled on it and transported gvods on it. He ie learning %o
harness its energy to produce electricity. Unfortunately man has even
used the ocean to dump his waatas.l

One of the products man gets from the ocean is seaweed. The
seaweeds are a large red or brown algae that look. like land plants
because they have sitems and leaves. They have holdfasts instead of
roots, so they get their nutrition through their leaves. Scaweed is
also called kelp and here in Hawaii, limu. Seawsed could be a very
useful item if man could solve some of the problems linked with Pro-
ducing it and using it as a food.

Il 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:' ahout
two per cent of our food comes from the oceans. In the Atlantic and
Pacific Oceans there are giant beds of kelp and lots of seaweed in
coastal arees and reefs. But man has only begun to use thece algac
to make 1ife betier for himself. This is a big challenge for him.

Some of the questions we should Tind answers for gre:

l- How has man already used the seaweed?

2- How can he make better use of 1t?

3- Can he learn to grow it as a crop like farmers grow wheat or
" corn en land?

ITTI Present Uses of Seaweed

Right now, seaweed is being used by the human race in three
major areas: Directly or indirectly as food, in drugs and medications,
and es a fertilizer.,

Seaweed 1c ezlen in sove for: all over the vorld. The “astemn
peonles -~vwizo 11t much more than the inhabitante of either the

175



United States or Europe.2 In countries such as China, Japan, Malaya
and a few South Pacific Islands, you are likely to find people who
valu: seaweed ag highly as any other fo0d.3 1In 1970, 78,000 tons of
seaweed was eaten in Japan, compared to 200 . ¢omas in South Wales, the
center of seaweead use in England. The Welsh make a substance called
"laverbread® from the thoroughly washed and coocked red seaweed
porphyfa, or laver. The gelatinous bread can then be coocked in fat
or formed into small cakes, dipped in oatmeal and fried with bacon
and 3535.4

Other European nations have developed methads of using the acean
plants in their diets almo. Irish mo8s, or carrageen, dulse, and sea
lettuce have been eaten raw or cooked into soups and puddings by the
Welsh, the Scote, the Irish, the Icelanders, and the people of other
coastal Eurppean ceumtriedc The Rusaians have come up with many
clever recipes for seaweeds, sspecially aea cabbags.

Here in Hawaii at least two nationalities rely on seaweeds as
an important part of their diets and cultures. The local Japaneee
cover & rice ball with nori, a2 dried seaweed, to make sushi, and
uge nori %o flavor soups, just like they do in Japan. Ogo, & red
c¢runchy seaweed, is used in salads, and even arare, a Crisp snack
mede from mochi, is often flavored with seaweed.
waot #ed$.Roelynesian cultures value seawned Bighly, and i Hawaii
more then forty varieties are considered edible. Seaweed gardens
were comnon among the Hawaiians.6 Seaweed, or liru ae the Hawaiians
call it, was a very important part of the Hawaiian diet in addition
to fish and poi. Limt contributed varietr and interest as well as
a large emount of vitamins and trace minerals. Some species were
also used medicinalxy.v

Unfortunately, seaweed is not all that nourishing. The nutri-
tional value of seaweeds in the human diet is mostly in their trace
¢lements andéd vitazin content, although they do provide some protein
and very little fat.a

Although raw or processed seaweed is not widely consumed, the
extracts af seaweeu are rucil in uemand as supportive ingedients in
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foods, like agar in ice cream, salad dressing, icings, etc.9 Agar is
only one of the products of seaweed that is worth much. Other minerals
are obtained from the sea plants, too. Seaweed is burned and then
soda, potash, iudine, agar {from red seaweed) or algin (from brown
seaweed) are separated from the ash. Algin is used in making ice
cream and asnrin.,

#e consume seaweed indirectly in another way. Sea plants form
a significant lirk in the chain of life, that of providing food for
vegetarian fish and crusteceans. These are consumed by larger sea
animals, who are eaten by ua.ll Seaweed has also been sucessfully
used as a source of fodder for animals we find fit to eat, especially
sheep and pigs.12

Seawe2d contains elementes that are good for our health, and some
of its products are used in the manufacture of medicires. Trace ele-
ments found in seaweed are important in preventing deficiency diseases
such as anemia, goiter, and digestive ailmenta. Seaweed can even help
the vody Yo eliminate much of the radiocactive strontium 90 we
ingest that can cause bone cancer and 1eukimia.13 The eseaweed called
lever or nori has larger ouv-ontities of the enzime cholesterose which
tears down cholesterol and helps prevent hardening of the arteries.l”
Carrageenin, which is extracted from Irish moss, prevents the form-
ation of rastric ulcers.15

Agar is not digested by most bacteria, so it is used as a cul-
ture pedium to grow bacteria, molds and 1solated tissuas.16 Agar has
been used to treat diarrhea and other illnesses like at. Pills
coated with agar will not he attacked by bacteriam and will pass %o
the lower intestines before releasing their contenta.17

Jeaweed conlributes indirectly to man'te food supply as & rich
organic fertiligzer for farmlands. Thig type of soil enricher, pound
for pound, has twice as much potassiun as animal manure, but only a
thiré of the pnosphorous.18
IV Yethods of Production- Harvesting and Parming

Une way 12 produce seaweed is by harvesting. In Japan brown
seaweed is collected by hand by c‘xivers.l9 Gathering by hand is the
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most common way, except whers the giant kelp is collected in bulk.
0ff Califormia, giant kelp ie harvested by uasing grapples, which are
large hooks, or specialized underwater mowers.zo The kelp is amazing
because its holdfasts are somatimes 300 feet below the surface, and
after being cut, it grows at a phenomenal rate of twenty feet in a
week of two.,

But the greatest advances in seaweed production have been maile
in farming. There has always been a great démand in Japan for edible
seaweed and farms mere constructed there to provide these varieties.
The Japanese have cultured laver or nori, a popular edible ssaweed,
for centuries and now have more than 61,000 people taising sea plant
crops, and more than 300,000 people employed in the industryd?z

Since the Japanese were the first peopla to grow 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 size of sione to fasten itmself to.
They put stones and bricks in barren places so that seaweed can attach
itself to the brick and stone. Japanesecall this, tsukieso, or "con-
structed beach™, Americans would call it a low profile reef or as
artificial reef or farm.23 Another observation was that laver has a
growing season unlike that of land crops with the best growth during
winter. If the monospores seittle on a substantial surface during
autamn, they grow rapidly, and leaves may be harvested in a few weeks.
This process continues until March when the plants disappear. The
laver is harvebhseéddhy hand.24

Some significant factors which influence the growth of seawced
on & low profile reef are current, light depth, and wave action.25
Artificial reefs must have good foundations or they might becomne
sunken in mud, like some early Japanese expariments, or be washed
away in sirong current.

In 1957 Michio Takata of the Hawaiian Pish and Game Division
used aqua lung divers %o carefully observe and count fish both before
and after the artificial reefs were created using concrete shelters.
The artificial reef in shallowest water was destroved by surf, but
toth others shomed a dramatic increase in fish life, especially the
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one in the barren area. The amount of fish increased there 1,910 per
cent.27 A later experiment in Hawaii used 916 shells of automobiles
at a depth of 80 feet. Xelp and eel grass were planted and thrived.
The quantity of fish increased from 36 to 1542 pounds per acre, and a
better quality of fish for eating began to inhaoit the area..28

¥ Conclusion

From 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 my
guess that seaweed can be grown in a greater quantity than it ic now
on aquatic farms. Seaweed aguaculture might be one of the answers
for a hungry world.

VI lecommendetions

In order to have seaweed as a greater part of the earth’c dJiet,
it would be necessary to edgcate the population in its advantases and
usc¢s. Home economists would have *o find new ang more cCelicious ' nve
of cool:zing it. Scientists should experiment with trying to incrocse
the ﬁutritional value of reaweed, especially in building up its nrotein
convent. Jome effort to increase the yeilds of alpae growings in
encloged sea areas, such as bays, fiords, and lochs, have beon storted
by using Tfertilizers, made from land elements. This type of foriilim-
zavion nust be confined to enclosed areas or the enrichers would re
Giluted throurhout the oceans.29

Lastly, I would hove that man can continue to learn to farm the
sea as he farms the land, using methods of planting and transgvlanting
fror fertile to barren areas.30 Experimentation in this area 1s ofill
vitr™, and we must see that our government at the state and federnl
levels (especially the president) will pass an aquaculiure Lill to
set aside fundés for this.
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HANAII KAl MARINA
by Gloria R. Paet, Sacred Hearts Academy

ABSTRACT

This paper deals with the development of the Hzwmil Kal Marina,
Being the first residentisl=marina commmnity in Howeii, the Heowmii
Kai Marina had many aspects to be considered, inelnding rights and
managenant of its comstal zone and waters,

Preceding page blank
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INTRODUCTION

I decided to do a project on tha Hawail Xai marina because I feel that
the project is a very unique one. Hawall Kal is unique due to its development
concept, and its being the first residential-marina community developed ."-om
a fishpond in the state of Hawall,

In the years that I have lived there, I have seen many of the advantag =
that the residents of Hawaii Kai have with its marina—community environmeni.
Not only is there the recreational (boating,water-sports) side efthe marina'’s
existence, but the marina gives the community a splendor that you just dor

see everywhere,

S0 my project is basically an overall description and history of the
Havali Kal marina-—- an infarmative report on the Hawali Kai marina, which

I have found to be an interesting tople .
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Work on the Hawaii Kai marina began in 1959 with the dredging of a
channel to the Xuapa Pond by the Xaiser-Burms Uevelopment Company. Tha
trustees of the Estate of Bernice Pauahi Bishop made a development and
lease agreement with KaiserwAetna to develop the 521 acre Xuapa #ishpond
into a residential area having a marina with a series of channels separated
by fingers of land and 1ittls islands., The peninsula, islands, and found-
ations of house sites wer= constructed using the material dredged from the
pond durling construction of the marima.

At present, the Hawali Kai development includes a 267.7 acre marina
which haa an approximate shoreline of 12 miles, and a depth of about 5-8
feet, and a swrounding residential community. The marina has two open-~
ings into Maunalua Bay that pass beneath bridges on Kalanianmole Highway
and iraverse a narrow strip of coastal land separating the marina from
the bay. The malin opening into the lower basin of the marina is large
enough to permit boats, which have superstructures not greater than 13
feet above the waterline, to pass beneath the bridge during high tide.

The sain cpening and entrance channel were dredged, tridged, amd improved
by Kaiser during the years 1965-67 under permits from the Department of
the Army(DA), The other opening near Kuliouou(dredged in 1959) is toc -
low to permit passage of boats having tall superstructures,

About 90 percent of the marina shcreline is protected with mortared
rock walls, which have a crest elevatlion of about 3-plus feet atove sea
level, and extend 5-1C feet below sea level., The remaining 10 percent
of the marina shoreline 1s not walled, and the shoreline slopes gradually
to the water., 1In some areas that are unwalled,and places where the walls
hawe falled or are failing, wind-wave erosion of the shoreline is taking

plane .
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THE MARINA AND ITS US=S

The marina is used primarily for recreational boating and water contact
sports, such as water skiing,sailing,fishing,and crabbing., There are several
areas of corparate and private boat launching ramps, docks, plers, and pilings

located along the developed areas of the marina,

DISPUTE OVER THE PRIVATE OR PUBLIC NATURE OF H-KAI MARINA

In the early part of the 1970’s, a dispute involving the public or mrivate
nature of waters in the Hawalii Kai marina was started by the U.S. Army Corp
of Engineers. Their basis of argument was the fact that the Hawaii Kai
marina, .once a swampland, may have been improved so much that it should be
declared a public waterway. But the residents believed it wag private preperty.
The marina iz maintained by the 1400 residents who live on the water's
edge and by all other Hawaii Kai residents who use the facilities.
Kaiser-Aetna, which is the H-i(ai: developer, then became concerned over
the inmvasion by peorple who wererft residents when the 0.5, Corps of Engineers
and the Coast Guard riled that the pond was a navigable waterway.

Aetna's Position:

Waters ar: private and for exclusive use of the marina residents and
other authorized people licensed by Kaiser-Aetna.

Corp's Pcaition:

With the Corp's ruling, Kaiser-Aetna would have to have governuent

approval before it coulr further improve what it velievea to be private

roperty.

Public interest had to be protected, but i+ had to be remembered that

a lot of money was spent by the developers to immrove the ua_.temy.
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REP, 3P imA'DSuin(an

Representative Spark Matsunaga introduced a bill to restrict access
of Hawaii Kal Marina to the residents of Hawaii Kai. He reintroduced a rimasure
to mrevent the Army Corp of Engineews from dosignating the marina as a navie

gable watervay and thus open it to public traffic.
MATSUNAGA 'S POSITION:

The peopls who de-eloped the area and the people who own hores in
Hawail Kai, particularly waterfroant property-—are entitled to their own
rrivate water recreation site and aarina. He also pointed out the concern

about the threat of interlopcrs and -andals exyressed by the residents.

FINAL DECISION ON PUBLIC OR PRIVATE NATURE OF MARINA

Final decision on the dispute over the public or mrivate nature of
the Hawaii Kal Marina was left to the courts. Based on the information
brought into court by the Corp of*Engineers, the couris decided that, in
the public interest, to declare the Hawall Kal Marina a public navigable

waterway. W¥ith this decision, the waters would therefore be under public

use and control.

Developers nre now required to get authorization by the army Torp
of Engineers for any actions involving the marina because of the decision
of the courts,

BIBLIOGRAPHY
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FURTHER DEVELOPMENT OF KA'ANAPALI
by Lee H. Taylor, Lahainaluna High Schoo)

ABSTRACT:
mourism 15 Maui's as well as the state's largest industry.

Chris Hemmeter asked the Maui Flanning Commission for a Special
Fararement Applic2iion to build a 750 room hotel in the Kaanapall
area. It'll consist of three towers, 6, &, and 9 floors.

The existing site has kiawe trees paiches of brown grass and a
little greenery. Many people are concerned that the Kaanapall
area 1a already too crowded, and that the 750 room project

known as the "Hyatt Begenoy", will double the compacity. Sooe
people say that the structure will take away from the beauty

and others disagree. I am one wno disagrees, 1've seen the
vresent site and alsc the yjroposed structure and I feel tnat

the structure is a definite improvement to the environment.
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INTRODUCTION::

The remmeter project knowm as the Hyatt Regency will
consist of tnree towere with a total of 750 rooms, there will
also be resturaunts and other shops, there will algo be a swimming
pool in the middle of the complex with water-falls and shrubbery
to muke it io0k natural. Many people say that Lahaina is already
too crowded with tourist and that more rental cars and tour buses
will only worsen the problem,They also say that the hotel will take
away from the beauty of the environment, I feel at the present
time there is no real beauty to take away from, I don't call
klawe beautiful, The extra icurist will be good for the economy
¢f lahaina, more jobs and probatly more shops will cpen, and all

this means tlat ncis coney Wwill bte coming into luhaina,

FROCENURE OF RESEARCH:

I went to the Maui Ccunty Planning Commission and locked
at the files or th: Fermet-r Project, and I alsc got inforraiicw.

and the rules and regulations from the Costal Zone Management

wilIdl Uit sve

nESULTS QF RESEARZH:

Many questious have arisen because the tourist in lLahaina
have become a problem esspeclally in the middle of town where
they stop in the middle of the road, and c¢ross where trnere lg no
cross-walk 30 doubling the compacity will only add to the problem.

The commu=ite *s5 ~¥s55 gramgertced that the Xaanapalli area
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Will turn into a:ucther waikiki. The main iown of Lahaina is
already tourist Oriented, selling typical hawaiian wear that

is made in the malnland, and portraying the Stereotype hawatian,
The Environmentalist are againat it because they way it takes away
from the beauty and blocks the view of the beach and the ocear,
Another stipulation is that the homes will de provided for the
workers by the company. Most 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 traasfer to the Hyatt Eegency? I will answer thesae
question and others in my raper, I will also show the cblectives
of the Costal Zone Management,

The hotel will be good for the economy of Lahaina. Usually
when the economy Progresses the ecology suffers but in this case
the hotel will beautify the environment, The area of the project
will be built on an 18.5 acre parcel of land.

1The proposed project is a major resort hotel which will
contain approximately 750 guest rooms, Three main buildings,
linked together by the lobby floor containging commerical andg
other accessory usez, will have 6,8, ard 9 licors of guest rooms.

A meeting/convention facllity; accessory commercial spaces;
restaurants and cocktail lounges; recreational facilities
(including tennis courts) and outdoor luau area; ample parking
and extensively landscaped grounds will also be constructed,

A public beach right-of-way, inchuding outdoor shower, will
be provided near the southerly boundary of the Froperty.

The hotel will be managed by the Hyatt Coroporation, which

194



currently poerates two other hotels in Hawaii -« the Hyatt
Regency Waikiki and the Kuilima Hyatt Resort Hotel in Kahuku --
as well as other prestigious hotels throughout the country,*

Another concern ig the drainage, but there is no real
problem, The Kaanapall Resort area has 1ts own gewage treatment
plant. The sewzge is pumped into the plant and is recycled and
used to irrigate the golf course, Some of the discharge is
runoff in to the stream and washed into the ocean. This drairage
system 1s the same one they use today. One of the regulations
on the Costal Zone Management is that there is at least a 49
foot set back from the shore line. Mr. Hemmeter has ris project,
about 130 feet from the ahore line and will also landscape the
beach with trees and shops,{the shops will be eway {rom the
shore line). There are certain impacts that affect the project,
one of 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-of-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, just befor the Lahaina Intermediate School, The exact
number of houses is not positive, but they will be rented at
$400 a month, There will be a consideratle amount of homes
built because this 80 million dollar project will produce
500 -~ 600 jobs., Now I will show the CZM Objectives,

! From the "EVALUATINN CF SIGNIRICANT ENVIRONNMENTAI CHITZHIA"
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COASTAL ZONE MANAGEMENT OBJECTIVES:

The Coastal Zone Management Act, enacted by the 1977

Hawaii State Legislature, established the following objectives

for the use, protection and development of coastal areas:

1.

2.

3.

'PROVIDE COASTAL BECREATIONAL OPPORTUNITIES ACCESSIBLE

TO THE PUBLIG

The proposed projeot will include a public beach right-

of-way, together with an outdoor shower. A beach right-
of-way is to be developed by Amrac; Inc. immediately to

the north of the proposed project site; and a beach park
Will be deceloped by the County of Maul to the south,

 acoross Hahakea Stream,

PROTECT, PRESERCE, AND, WHERE DESTRABLE, RESTORE THOSE
NATURAL AND MAN-MADE HISTORIC AND PRE~HISTORIC RESOURCES
IN THE COASTAL ZONE MANAGEMENT AREA THAT ARE SIGNIFICANT
IN HAWAIIAN AND AMERICAN HISTORY AND CULTURE

Although tha proposed project is generally located within
an area of historical and legendary significance relative
to hawaiian culture, there are no known historic. or pre-
historic'resources located on the site which can be
protected, preserced or restored. Should any such resources
be discovered, appropriaste governmental agenclesg will he
immediately notified,

PROTECT, PRESERCR AND, WHERE DESIRABLE, RESTORE OR INMPROVE
THE QUALITY OF COASTAL SCENIC AND OPEN SPACE RESOURCES

The proposed project will create some intrusion into coastal
vistas and open space. However, the major bulldings will
have substantial setbacks from both the public highway
(Honoapiilani) and the beach, as well as generous

spacings between buildings,
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CONCLUSIUN:

In view of the information hiven there should be no reason
why Mr Chis Hemmeter should not build his hotel, Buildlng the
hotel is tae best use the the land and the people, The land,will
Just sit there and the only thing will happen is that more weesds
will grow. This way the land is at its best use, It 18 also
good for our economy, more people coming theé they spend the
better: it is for the people of Lahatna,

Kaanapall will never become a another Wailkiki 1ike many people
are afraid of. Kaanapali of better organized than Waikiki in that
the hotels are away {rom the main town.%uln Waikikl!s situation
they have shops on both sides of the highway, and people walking
across the astreet. At Walkikl they just built and made no.provisiocns
for landsceplag, 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 £fhe state's environmental standards and other impacts.
He has also met all of the Costal Zone Management Laws and should

be permitted bo bulld,
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MARINE PRESERVE AT LAPAKAHI AHUPUAA
by Lorine Fernandez and Bernadette K. Jonolino, Kohala High School

ABSTRACT
'I_'hm are rapldly disappearing reminences of tht old tut good Hawalian
ways of living, People are now trying to preserve what is left of the Cld
wvays at Lapakahi, In its pressrvation the administration wants to extand
1ts water boundaries. _
Ve have captured the esssnce of the arguments for and agalnst this

. proposal in our paper,
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INTRODUCTION

Lapakahi State Park is a restored fishing village of Anclent Hawaii,
It has been preserved so that pecple today can see how the Hawalians 1ived
and fished in Ancient times., With canoce sheds, turial sites, a fish shrine
and other thinqu. peaple who go there can definitely lsave with scme under-
utcnding of hiow the Hawailans lived before, We as Kohalans take & special
interest in lapakahi because 1t 1s located in Kohala and shows how people,
maybe even our ancestors lived many hundred years ago,

An important part of Lapakahi and 1ts preservation ia Koaie, the bay,
There is an abundance of different fish so plans are now being aimed at
restoring mare of the ocean area.

Right now the administration at lepakahi is faced with a problem To
state 1t riefly--The administration is hoping to extend the water bound-
aries 500 feat tut the reef fisharmen argue that 1t's too far, |

LS

METHOD

Far our project, we consulted the Supervisor at lapakahi, Marlenajon
Stafford; Project Coardinator, Joe Mattos; employees of Lapakahi, Cat Carpio,
Charles Tamanaha, and Moml Shontell. Other sources of ressarch wers our own
knowledge of lapakahi, interviews with reef fisherman, Marie MeDonald,
Clayton Javillo, Ksleo Parez, Vance Fujii, and Andy Ragasa. We were under
the special guidance of Mr, Gilvert Pagat. Reference materiale used wsre
Lapakahi State Historical Parik Trail Brochure; Draft 1 of the proposals
from the Stats of Hawaii, Department of land ard Natural Resources : Avision
of Fish and Game; and Forth Kohala, Preasrvation of Historical Resources.
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RESULTS

The proposed laxd area which is around a mile and a half long runs from
the Mahukona Lighthouss down toward Xawalhae Harbor,

In the proposal the coastal area 1s divided into two subsones, Subzone
A which includes Koale Bay is around 2886 fest long and axtends 500 feet into
the ocean, Subzone B which includes the coastal arsa beyond Koale Pay is
ground 8400 feet long, It alsoc extends 500 feet into the ocean, In Subsone
A fishing, taking of marine life, changing or destroying land features,
possessing gear that can do harm or would ald in the taking of marine lifm ,
poliuting, constructing something or leaving something in the watar without
written permission of proper goverrmental authority and boating 1s prohibi-
ted, In Subzone B some fishing and obtaining of orustaceans is sllowed,
tut there are still some restrictions, The restrictions are as follows:
fishing by hook and line methods; net throwing from the shareline, You are
also allowed to possess in the water for protection only any knife, shark
b1ly, bang stick, powerhead and/cr carbon dloxide (CO2} injector,

With a special permit from the Board of land and Natural Resources, any
form of marine 1life amnd eggs that were prohibited by law could be taken far
sclentific, propagation or other experimental purposes,

A person cﬁught breaking a regulation will be guilty of a petty mis-
demeanar and would be convicted as such,

The reason for a proposal on extending the ocean boundaries 1a for an
ocean santuary to preserve, protect and conserve the marine resources and
geclogical features, There are a varlety of sea 1ife in Kcale 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 leasen,
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Figure 1

LAFAKAH! MARINE LIFE
CONSERVATION DISTRICT

SUBZONES A AND B
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Marlenajon Staffoxd, the Superviear of lapakahi, is all far preser-
vation, In her opinion Iapakahi 18 a valuable resource for all people,
not oanly tourists tut Kohalans as well, At lapakahl, in her opinion,

A person can actually experisnce how the Hawaiians used to live, With
AN ocean preserve the fish will become tams and then people will be
able to catch and prepares fish the ancient way,

Jos Mattos, Froject Coardinatar, gave us his opinion on the sub-
Ject. He thinks that the preservation at Lepakahi 1s a good idsa but
he agrees with the Tishermgn that 500 feet may be too much, He aays
that 200 faet would be sufficient because there is not much to see
after that and 1t would interfere with opelu fishing should the exten-
slon be any further,

The Lapakahl workers we had the chance to talk to agresd that Sub-
sone A 1s a grod 1dea in the preservation of ocean 1ife, Wt Subzone B
brought out some disagreement and doubt, They feel that maybe this is
asking a 1ittle too much of the fishermen to sacrifice because it ias
restrioting too much of the pubtlic beaches and ocean,

A fisherman, Leo Tadblolo, gave us his shari tut penetirating view,

He thinks preserving the water is good so that children will be adle to
come ani see the traed fishes,

Marie McDenald 1s a Hawaliams teecher at Kohala High School. She ia
very educated in the fleld of Hawallan Fistory. She 1s for the preser-
vation of the ocean and also finds 1t & very valuable place to the people
of the Big Island, She foels students and otherz will be able to gain an
inside view of how the Hawaiians used to live, She feels that this won't
hurt the opelu fishing but will help it instead, The rearon is, as she
puts 1t, 1f the figh are not harmed in Laps’:ahli they will be able to
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CHART (MAP OF LAPAKAHI)

Curbed Trail

Multiple Platform Burial Site
House and Burial Site

Canoe Shed

Historlic Houcs

Msh Shrine

Shoreline Pishing {replicas)
Vell

Salt Making

Storage Ares

Fishersan‘s Tool Kit (replicss)
Canoe House

Family Helau

Pish Shrine
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Gourds

Rock Shelters
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reproduce and move on, Thi= way the supply of fish will almays axist an’;
have the chance to reproduce,

¥e also intuzviewsd four studeats at Kohala High. Some of ihe rusults
Wers vary surprising, OnohyuMdﬂntjoOfutumtllttlotoofu,
h:th:mﬁntpreumtionhagoodidu. Another boy s far the idea
of pressrvation of lapakahi and the ocean all together, The third said
W'-muminammmtmumymmmm
umfuropolunm.ntogostomunéfﬂumrtonnh. The fourth
mmbyuﬁnghmmmﬂ!tmamm. In ks view he
niﬂitmmtmadodtomthoﬁnhhmoﬂuyunmdlh

canght,

CONCLINY

'ﬂn’mghmiutorﬂm.nrmm out that everyone has different opin-
lons, ZEven 1f they agreed with the conaservation part, their opinion on
where the boundary should be set differed, Most pecple felt that the pro-
pmlmldhamptdifthbmmnmn'tatmfnt. They say trat
mfutiltoommﬂntitlhmld'becutdmtom}fnt.

Bydoingmurchfurﬂtupnpu'.nm-dlmofthouluoof
lapakahi ard its wmters, Wunhnshp?unofprm,actm.
mm:htmthinghmuthit. It lacks the promise of
one 5 de future props. Thut prop 1% & never-ending flsh myply. I
mmumm.mummumnumm
fut,unﬂlhnwﬁnﬂmaﬂhsﬁgwdhdmhuh The
umuhmmlumﬂnmmmmmmun-
tars and tourist will become the audience, The play would de the “Life
of the Ancient Hamaiiane in lapakaht, *
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THE NORTHWESTERN HAWAIIAN ISLANDS:
ECONOMIC GAIN OR ENVIRONMENTAL LOSS?
by Laurie L. Imbleau, Kemehameha Schools

ABSTRACT

The Nerthwestern Howaiion Islane are composed of numerous atolls, shoals, ond
reefs, little aown by much of the general pubiic. S.nning over 800 miles, this areq
beyond Ni‘ihau is protected by state and federal wildlife refuge ogencies. Both state ond
federal agencias have jurisdiction rights in these islands. This hos caused much controversy
since the State of Hawai' is proposing future commercial development of the Northwesy
Islands’ morine resources. The federal government Is olso proposing to obtain full
jurisdiction of the islands in order to keep development at a minimum for the prutection of
the marine . idlife.

Base line data on the potential of inarine resources of the Nerthwest Islonds is
limited. Presently, a tripartite cooperative survey between state ond federal departments
is being carried out to research these resources. The results of t3ts research will determine
the feasibility of comr.rlerciul rescurce development ond i1s potential effects on the wine

environnent in the Northwestern Howoiim Islonds.
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INTRODUCTION
Natural History

From a fault on the Pacific Ocean floor, & sequence of volcaonic eruptions over
millions of years formed the unique Grchipelago in which we now live . . . the Hawaiion
{slands. This island chain extends in a northwestern to southeastern direction for a length
of fifteen hundred miles.

The Northwestern or Leeward Islands include all the isiunds north of Nitihau: Nihoq,
Necker, French Frigate Shoals, Gardner Pinnacles, Marc Reef, Laysan Island, Lisianski,
Pearl and Hermes Reef, Midway, and Kure Istand. Starting with Kure, these islands were
the first to form as high volcanoes and have now eroded into atolls, low sandy shocls, ond
reefs.

The southeast islands, specifically the major islands from Ni'ihau to Hawai'i, were
subsequently the last of the great volconoes to have formed. Presently, the youngest island
of Hawail which is one million years old is in the middie stage of island deveiopment as
described by Macdonald and Stearns.”

The Northwest lslands, on the other hand, are in the final stages of geological
development. But even within these Leeward Islonds there is great variation in topography
and physical characteristics. Nihoa with its 300-foot jagged cliffs and tall Lovlu palms
differs greatly compared to the sandy Laysan atol! with its low lying shrubs and becch

plonts,

Turn-of-the-Century Exploitations - The Northwestern Islands 1890-1920

Leased for guano fertilizer mining by two mainlond firms in 1890, Laysan ond
Lisianski were the first two northwest islands to be exploited commercially. In 1891, on
observer described Lisianski as ". .. a litile paradise.” By 1915 it was " ... dreary ond
desolute.®® During this period, the guano diggers had introduced guinea pigs and rabbits to
the islands. These vegetarian mammals consumed much of the protective plant covering
which led to the deaths of hundreds of thousands of birds from sandstorms.
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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 feathers.

In 1909, 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 and peirels as well as the endemic endangered land birds such as the Nihog
finch. In 1940, when the isiands became a National Wildlife Refuge, the Hawaiion Monk
Seal and green sea turtle were placed under federal protection by the Department of the

Interior. The native plants such as the Louly Palm {Pritchardia remota) 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 to 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 families. Various species range from the abundant sooty

tern (Sterna fuscata) and its relative, the fairy tern (Gygis _alba), to the wedge-tailed

shearwaters (Puffinus pacificus) and their different family bronches.

The four endemic land birds found in the islands ariginate from two of the islands.

The Nihoa finch (Psittirostra ultima), the Nihoa millerbird (Acrocephalus kingii), the Layson

finch (Psittacirostra cantans cantans), and the Laysan duck. This duck is considered to be

"one of the rarest ducks in the world todcy."3 by the United States Department of the

Irterior.

The Hawaiian Monk Seal (Monachus schavinslandi), like the birdlife, also depends on

the living resources of the islands for food. With the Carribean monk seal now thought to
be nearly extinct, these rare mammals presently numbering about 1,600 are almost non-
existent outside of the Hawaiian archipelago.

The Hawaiian green sea turtle (Chelonia) is found almost nowhere else, just like the

monk seals. The monk seals do not migrate outside of the Northwest Islands. The turtles

——
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breed and migrate within the range of the entire istand chain, with their last major mating

grounds in the Leeward Islands.

Potential Marine Resources

There is almost no information presently obtalsable documenting the actual marine
resources in the Northwestern Islands. Mucﬁ of the information has been obtained from
Navy reports of their maintenance expeditions within the area and from about eight
scientific studies conducted by different agencies over the past decade. A survey done by
the National Marine Fisheries Service in the late 1975-76 indicated the presence of lobsters
and high trophic |§vel fishes such as sharks and j<:|<:ll<.'..8 Since these resources have not been
tapped, it may be safe to assume that there is on abundance of these forms.

Natural minerals such as manganese nodules which contain copper and nickel, are
thought to be present on the ocean floor in the Leeward Istands.

Coral is another common resource found within these waters although the extent of

the coral fields has not been adequately determined.

STATEMENT OF THE PROBLEM

Resource Development of the Northwestern Hawaiicn Isiands Proposed by the State of

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 to
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 ond coral industries could aid in the diversification of Hawai'i's
economy and bring about more jobs for the people.

Therefore, the state feels that the people of Hawai'i woul& benefit greatly from

commercial development of the Leeward Islands.

210



Jurisdiction and Future Proposals for the Northwest lsiands

When the bird reservation of 1909 was redesignated the Howaiion Islands National
Wildlife Refuge in 1940, the Northwestern Islands came under jurisdiction of the Fish ond
Wildlife Service of the United States Department of the interior. The major purposes of
the service are to preserve the native lond and marine resources within the 304,200 ocres
of islands, submerged reefs, atolls and to insure that these resources are protected against
harmful introductions. Presently, only quthorized personnel are allowed within the refuge
and trespassing is prohibited.

The Department of the Interior is currently proposing to place the Northwest [slands
into the National Wildlife Preservation System. This Wilderness Proposal would put the
present refuge under the full control of the federal government and would permanently
exclude the State of Hawai'l from any jurisdiction in these islands. This proposal would
have to be enacied by Congress, ond would make the Department of the interior the sole
administrators of these islands.

The State of Hawai'i is against this Wilderness Proposal for a number of reasons.
Eleven years ofter the federal government redesignated the refuge, the State l.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 isiands. Losing all of the state's authority through Congressioncl
enactment of the wilderness would 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 as the "bad guy-"| in this
controversy. The department realizes that the greatest impact from commercial
development would be on the delicate balance of wildlife. Their survival depends on the
marine resources of the islond waters. The question is "lf the marine resources are
commercially exploited, what would be the effects on the wildlife? |

In order to determine these effects, the bose level of marine resources must first be
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established. A five-year progrom to assess the living resources of the Northwestern |slands
and to determine the long-range effects of development on the Leeward Islonds ecosystem
was begun in 1975 by three agencies: The National Marine Fisheries Service, the
Department of Land ond Natural Resources for the State of Hawai'l, and the Fish and
Wildlife Service of the Department of the Interior. This program is entitled the Tripoartite
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

is hoped that, based on their research results, intelligent decisions will be made concerning

the future of the Northwestern Hawaiian Islands.

CONCILUSION

Miles beyond our islands lie vast expanses of ocean isolating us from the rest of the
world, We have been privileged to live here in our unique island state. Notural beauty sti'!
prevails In dll the main islands; from Hawai'i's velcanoes to the steep cliffs of Kav'oi's
Waimea Canyon. But through the activities of men, sections of these main islands have
been abused and overdeveloped,

The Northwestern Hawailan Islands are our last hope for preserving land and endemic
forms of plontand animal wildlife. We have a responsibility to future generations of
Hawai'i's pecole to perpetuate the unique unspoiled areas of these islands.

The future status of the Northwest Islands is unsure at the present. Federal officials
are not agoipsf the usoge of the islond waters for a fishing area, but they are against this
industry if it would have adverse effects on the wildlife ond their dependence on marine
resources. [f it is determined that there are enough resources to exploit, o base line of
regulations could be agreed upon between state ond federal officials. This list of
regulations would dllow proper and sensible usage of the resources by the state while

protecting the Northwestern Islands wildlife, keeping the delicate ecosystem in bolance.
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THE TERRITORIAL BEHAYIOR OF THE BRACEYDANID RERID
by Barbara J. Thompson, McKinley High School

Abstracy
Practically no imformation is known about the behavior of the fresh
water Brachydanio rerio (zebra fish). My prodlem was to find some evidence

that the zebra fish has any territorial instincts, and if so are they de-
veloved during growth or born instinct, Tc¢ do this I had to design two
roariments to test this idea.

The axneriment designed shows (1) that the Brachydanlo rerioc has ‘er-

riterial and aggressive instincts, (2) that the zebra fish can be clas-
sified as either dominant or non-dominant, (3} the dominant zebra fish will
be more aggressive towards other dominant zebra fishes that to non-dominant
~ o8, (L) that isclated zebra fishes has shown no aggressive instinsts to a
different specles of fish, which may indicate that the sebra fish response
to visual stimuli of its snecies, but not towards others, (S) that isclation
of the zebra fish causes severs aggressive behavior, but no territorial be-
rior, vhiich aay indiczte thot territorial behavior is develpped tthouglr
growth, and (6) that the control Brachydanio rerio has to a certain degree

both territorial and aggressive behavior from birth and that it deve yps
continvally through growth,

Preceding page hlank
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Introduction
The Brachydanio rerio is commercially !mown as the zebra fish, The ho: -

izontal strives on the sides correctly dafines the nane,

In my exveriment dominance is judged upon the awount of territory a
~ranism defends. The greater the area the greater tuw domlnance of thé
Pish., The fish with the lsast amount of area werc de.ined as non-dominant
zebra fish, As the experiment advanced, ares of the fish were changed to
resction times,

The definition that I used to describe territorialism in tha zebra fish
is when the defined dominant fish uses its sggressive instincts to repell
another fish out of ita physically defined area in which it gen-rally con-
fines itselfl,

Aggressive instincts in my experiment is de’ined as a physical attack
or movemants dirscted to renell another fish,

The definition for a reaction to ancther fish is when 1% changes its
nermal behavior generally being observed in ita species,

Fighting methods can be distinguished as: chasing, intraterritorial
fizhtirg, or boundary fighting., Chasing anld Intraterrit-rial "i-hting
occurs when a fish enters the territory of ancther figh. FPoundary fivhiin~
‘tsually hapoens when neighboring fish fight for territories,

My problem vas to design an axperiment that could test the zebrsz .ish
for territorial behavior (if any) and to find out when developement of this
hehavior started, Also to see if isolation of the fish is a major fac.or

"o this developement,

218



Matarisls and “ethodclery

PHASE It
Tn this phase, T obtained ten sebra fish, ten one-pallon tank bottles,

ten cardboard squares, and standard fish tank equipment. These matarials
were used to isclate the fish, and perhaps to fully develope thair ter.-
ritorial and aggressivwe behavior.

First, I placed ons sebra fish into sach of the bottles, Then I placea
the cardboard squares in the middle of the bottles, Then I kept the tamp-
sratures, feeding period, and the light the sams. lLeave the fish in this
condition for three weeks.

PHASE II:
is phase I n2eded one ten-gallon fish tank, one plastic fish tarnx

divider, I then kept the fish in this condition for five days, Then I re-
moved the divider and recorded the results. Then I repeated this method for
the remaining fish,

PHASE III:
In this phase I needed theequipment from Phase II. I needed now to

desinate the amount of dowinance in the sebra fish. I used my definition
from the introduction to do this,

PHASE IV
This phase of the experiment was used to show the results of adding a

third isolsted sebra fish to the boundaries of the dominant and non-domipant
sebra fish. For materials and methods refer back to Phase II.

This is to test two isolated non-dominant zebra fish tewards a isolated
dominant sebra fish, Then I again changed the testing fish to an isolated
non-dominant sebra fish.

PHASE V3
Tn this phase of the experiment I wanted to sse if a different species

would effsct the sebra fish, Matarials and methods are the same as Phase I7.
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PHASE Wi
Kidition materials are angel fish, swordtails, guppies, and naons,

inated of using testing fish use these fish as replacemsnts,

PHASE VI3
¢ Phase I wanted to know what would happen t¢ the fish that are

not isolated and are tested in this manner (Phases I-¥). 1 then repeated
the phasea using non-isolated sebra fish,

PHASE VII:
is final phase I wanted to know if territorial behavior is devel-

oped through growth or is natural instinct. T first obtained sebrs fish sgge
and then waited till hatching. After birth I put the fish through the same
experiments as full grown sebra fish, I then tested the fish svery three
months. Each group of fish (contrel, non-isolated, and isolated Jcontained

ten zebra fish,

Results
Date Phase Fish Description Teating No, Regction Time Aversype
672771 ~ IV Dominant R Uoﬁmnﬁl‘;ﬂ J.58 sec.
6/2u/11 IV Dominant A - 23D 9.0 sec.
6/24/11 v Dominant A Swordtail 8.0 sec,
é/2u/17 v Non-Dominant B " 2.0 sac.
62U/ vI Deminant 4 Angel Fish 9.5 sec.
6/2W/77 . Non-Dominant B " 9.5 sec.
6/24/717 V1l  Doudnant A Quppy 5.5 sec,
6/2u/11 " Non-Dominant B " 845 sec,
32U/ YIII Dominant A Keon 6.0 sec.
6/2L/17 . Non-Dominant 3 " 7.0 sec.
7/032/17 o Dominant A Dominant 5D 4.0 sec,
/0011 " " 2ND 8,0 sec.
7/01/77 X Non-Dominant B Dominant 5D 7.5 sec,
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_2chydanic rerio (1-1 months)

by [hase Fish Description  Testing No. . :ciiou iime Average
R A ——— *4*

J/t;ls‘n.a v Young Zebra Fish D 5.5 sec,

y%na " .« »d 12.0 emc.

3/06/18 v . " . D 11,5 sec,
- I Rd . . Angal Fish 12,0 sec.
» » n | § L ) " » m.o seC.,
' vII . " » | S 7.8 sec,
II » | ] » - l_ ) 7.0 e,
L vIIt . » . Cuppy 7.5 sec.
= . LI T . 6.0 sec.
» . " . . Swordtail 9.5 sec,
" ] ] ] » " 12,0 sec.

Menon-dominant
Chi-Test Data
DOMINANT

;"‘r-;.':
¥ P oA
VI 'EY-X |
vII paos
VIIT pros
Ix P02
X P+ 0.5

Served No — gupeind No)”

“‘Z )

Chi-Test Results

058 Cmus)

prciad e
& NONaDOMINANT

Phase Chi-Test Results
v Ps 008 (nuil)

¥ P* 0.08(nuit)
I b 0.2

vII P05

I geos

Ix pio.2

. . pr 0.8
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Conelusion

This experiment shows that the domimant Brachydanio rerio rescts faster
towards an dominant sebra fish than to a non-dorinant one, Reaction time
proves this statement, Reaction of the sebra fish towards another species
of fish can be summerised as follows:

(1) If the species 1s larger than the ssbra fish and if of & different color
Do aggressive and tarritorial behavior was axhibited,

(2) If the speciss is the same color pattern, bat largsr, axd “zzsr, the
aebra fish appears to display no aggressive action or territorialiiy.

(3) If the species of the test:fish isithe same in size, but differsnt in
color, the ssbra fish showed territoriality and some aggresalve sction some
of the time,

(L) If the species was the same sise and color pattern, it showed both
territorial and aggressive instincts,

In a commnity tank {non-isolated), the sebra fish did not appear to
establish a statle or set territory, The non-isoclated zebra fish, that was
designated dominant, reactsd faster towards a non-dominant aebra fish than
to a dominant one. The non-izolated non-domimant sebra fish reacted faster
to other nen-domimant ssbra fish than did the tsolated non-dominant one.

It appesrs that isolation has a definits effect on the territorial instincts

of the Brachydanio reric. Re-ismolation has the same effect as that of ise

olation, with a few exceptions,

In continuing my experiment I have found that the setra fish has its
sgeresiive and territorial tehavior at tirth, And that growth of the or-
ganism develpes its behavior, 1Isolating the sebra fish at birth cauees a
greatar amougt of aggressive and territorial than through growth, So that

scientists winting greater behavior should use imolation,
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SHARKS
by Marvin J. Samiano, Kauat High School

_ Aetrget
This paper discusses the-biodogy of the shark, I will
discuss such things as the position of the fins, the differences
between the tmue dony fishesrand the shanrk, shark teeth, shark
skin, the adsence of the swim dladder, reproduction, their-sense
of saell, thbir sense of sight, their seasw ofuhearing, and
& special sense sTgan vhich measures changes I1n the water.

Introduction
The shark is one of the most mysterious, &s well as the

most misunderstood of all the ecean oreaturess. In this paper,
I hope to.gmeighten some people about this beautiful apimal.
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Elasmobranchs are of all siges and shapes, contributing to
their amasing diversification, From the very riallest, just under
25.4 cantimeters long, .40 the rare 12.192- to > .1.288-meter giante,
the shark has the sleek, supple, torpedo-shapec bodies beautifully
deaigned for swift and graceful propulsion.

Topside from bow to stern thers is the first dorsal, second
dorsal, and caudal (tail) fin. Un the underside ve see¢ a pair of
the pectoral and pelviec fins. wsehind the latter, in ths sale, are
the claspers (reproductive orgams) and, just is front of the tail,
the caundal) peduncle. PFive gilla are seen in front of each pemstoral
fin. The eyts are oz the aide 9f the head, which in Bany ars cov-
ered vith a freely moving 1id, called the nictating membrate. The
oponigg bebind the eye is the spitacle -~ part of the breathing
apparatus., The nostrils are at the tip of the snout, and the ..
nouth;'crtotnt-chapod wvhen closed, is on the underside of the
head, ‘

The position of the firet dorsal fip is relased to the
shark's swimming speed. In the fast, pelagic swimmers, the
first dorsal, being rigid and plaeed well forward, moss liksly
acts as a stabilizer, with the pectoral and pelvic fins checking
excesalve rolling in swimming. ¥hen a shark charges after its prey,
the. pectdral fins are probably used for steering, and act as brakes
at the point of attack,.

Baen nan: firsi’snecuntared-a shark-he must have realized how
different it was from other fishes. They also have thres unpaired
2inm: the dorsal, caudal and anal. Mt inetead of the fleahy

Shark fin firsed up by a framework of gristle threads, the stiff
dersal fim in the spiny-rayed fish haa bony rays with needle-asharp
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Common lanc..................-Shark

Phlllll.-...........-.......-..C’hordl.t&

claﬂﬂ....-..--......-o........chondrj.ctthyﬂﬂ

oﬁ'r....‘...........’......‘.nmobr.nchii

Zartg of the shark:
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Pirss dorsal  fin
Pectoral fin
Second dorsal fin
Pelvic fin

Anal fin

Nostri]l

Candal fin
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points extending deyond the wed of thin, enveloping skin.

the wost dasic differmmce is in the type .and developmwent of
the skeletén. It is made of sartilage, -like the tissue that forus
and holds the shape of the fip of a human nose. and. outer sars.
Parts of the shark's sk«I¥ton, sueh as the vertebras, are hardenmsd
by depoaits of lime, put tkis does not make it bone tissme. Thne
Jan %s caleified as well, but 4% s still a cartilaginous structure.
| A shark has no ¥ibs and its backbone axtends all the way in-
‘to she ta?l, while in dony fishes it ends wheme the tail begins.
The lharilnllll il-l“i-.f~on. plece, without seams. - Im other
fiskes, ths skull bones in the embryo are mesbranes. of_fidroue
tisste thet later harden ints bones, which fimally become.firmly
anited h; interlocking sleader bits.of bons  in .tongue-and-groove
fashion. Another difference in sharks is that the upper jaw is
loocsely slung onto the-skull.

Dewpite- their hardness, sharks' teeth are not made of bone
mt-are I’oulnliioiiaoalol.-mthc.dttfcroaeouhctnocn shark teeth and
thoes - of other verielrates i3 mut only one of development bat of
ghemical composition.

dhariakin has rows of toothlike spikes. These are embeddid
over the entire body, imcluding-the fimw. The denticles, or skin
teeth, stop growing after reaching i certaln size, and as the ghark
grows, nev denticles are added between the existing ones.

- The absence of -a.-swim dladder or some similiar orgaz puts
fhe shark at & distinct disadvantage. PFPslagic sharks have to
svin cmtimmously to waintain their position at any particulat
level in the sea. If ovimming motions ghould stop, the shark
would sink to the bottom.
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The reason that sharks must awim to stay alive, and can
not stop to rest, is related to the difference in fheir gil11
structare, lacking operculus as a mechanical ajid, the only
vay active sharks can obtain oxygen is by the flow of water
created by the current while they are in motion. A shark is
not normally a bottom—dweller and will rest on the bottom of
& tank only whern it is ailck or injured.

In their breeding habits, the ghark ias more highly advanced
than the bony fishes, repordueing more like mammals. ‘he female
produces few young, but developn?nt of the embryo takes an
wnusually long time, Their wuccess in populating Eke ocean
vaters of the world is st least partly due to their method of
Feproduction.

Ap ontstanding‘feature of the sharks is their extraordipary
sense of smell. A proportionateiy large share of the shark's
brain 1s givemn overgto.the fumétion of smelling. <The forward
part has two forks extending toward the nostrils on either side
of the anout, and their perception is so delicage that a shark
can actually steer itself up & scent trail much as an alrplane
follows a radio signal, when it first picks up a trace, it
may veer back and forth, establishing the direction from which
the scent comes,

The sense of sight among elasmobranchs is far less acute,
though they gre probably not aso nearaightad as they were long
PoPNIErly believed to be. Hather, becanse thelr eyes have only
¢isual rods that distinguish between 11ght and dark, but no
color-discriminating cones, they probably see only shapes, and

' detect movement better than precise forns.
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Like moat fishes, elasmobranchs probably hear very little.
their eara are uainly dbalance organsg coptaining the semicircular
canals which inform the fish of changes in direction, accelerstion
or decelaration and whether it is right side up in the water.
There are no main chanpels to the outaide of the head, howsver,
nor is there an eardrum for detecting sound waves.

Concentrated on the heads and faces of both sharks and rayms
are small sense organs sunk at the bottom of pits, each with a
ainute pore to the outside of the skin, which transmit vibrations
and changes in the flow of water. On the head, these orga-s are
highly msodified to fors what are.called the ampullae of Lorensini,
very deep canals filled with a jellylike substance which apparently

register changes in the temperature of the water,

Conclnslgn

Bacause the shark is one of the uost nysterious andmais
in the oceany I feel that we showld know as auch a3 possible
about them. Hy knowing were-about them, I feel that. we can
lesaen our chances of shark-attack. I hope that this report
has helped peocple to bdetter understand the shark. |
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SEA ANEMONE: LIFE AND SYMBIOSIS
WITH THE CLOWN ANEMONEFISH
by Vivien Higa, Kubasaki High School

QDUCTICH

Sea fnerornes sre often seen cnchered to the corsl reesfs by divers. These
bright and beautiful amimals resemble maznificent flowers. Clownfish are zlmost
alwvays seen swimming nearty. For scme reas-n that is atill wmknown t: ecient-
~ista, sea anemones seemingly c2rmot live without the clown anemcnefish.

The reasan for the research wes to learn about the sea apemane and elown

ansncnefish's way of helving eah othar to survive.
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METHCDS OF RESEATCH
Information was gathered by researching several becks “nd by perscnal obe
=gervation. Idving down on scuba, I cbserved and tested the clon anemonefish's
protectiveneas of the sea anencne by vrushing my knife through the anemcne's
tentacles.
R_SULTS (F RESEARCE

The resultis of the test turned cut useful. The clown anercnefish, residents
of the anemcne being tested, were very disturbed and immediztely started attack-
~ing. They did not aprear to be afreid of the Jarge diver thet they wore wp a~
=-gainat and they repeatedly charged and nipped at my gloved fingers whenever
I returmed to i;:ithin re-ching dictance of the sea anemcne.

DISCUSSICON

The sea snemone is an animal with & column tase and en opering at the top
which is the wouth. Arcund the n uth are many tontacles which have stinging cells
or nematcolests which zre hocks thet are connected to 2 venar gland by a hollow
filament. This hook 18 released at the slightest contact 2nd hocks Into the
flesh of the fish which made contact with the terntacles. When the hook iz in the
flesh, venam is released and the fish {s paralyzed. The fish is then drawn into
the mouth with the tentacles. These stinging cells can kill any fish from 4
to 5 inches, except the Clown anemonefish. The Sea Anemcne eets small crabs,
fish and mometires ses sters, Nature sea zneoones cen be 4 inch, or grow to
nore than 3 feet in diameter. The size varies by the kind of species. They
Teproduce by budiing, dividing into two or by laying eggse They travel by rig-
~ding on crad's backs or sliding very slowly on rocks. Some species can swinm

but not effectively.
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The Clown anemonefish snd the §22 anemope exist together in 2 menner call-
=ed symbiosis. The Clown anencnefieh lives emong the tentacles of the sea ap-
=emone because it has corplete immunity againet the deadly poison of the sting-
~ing cells. The Clownfish bas full protection from it's host. A large fish
will not go after a Clownfish hiding anong the tentacles of the aznemone beczuse
the fiah weuld be alraid of the deadly tentacles thet could paralyze {t. Tet
first, the Clownfish must &€o through a painful introduction with the cea an-
~Done, It brushes against the tentacles end gets stung but gradually develops
an immmity tg that particulor anemone 's toxin. If the 2nemcnefish hLas erft
that sea anemone for a while and returna, or if it goes to a new anetone, it
muet go through a reintroduc.tim with that sea anemcge.

The anemcnefish, while teking shelter among it's host, feeds the sca ane-
~Dones Sometines it will lure o fish into the sea znevone’s ientaclcs which
will then be stung, paralyzed and eaten. The Clown anencnefish feeds off of
the scraps. Te Clownfish also protects the se: anemone by atiacking an int-
=ruder making threat;ni.ng moves towards it's host, but the sea anemane czn de=
~fend 1iself by curling it's tentacles jmvard, The Clown anemcnefish will use
the sea anemcne to protect it's ecgs by laying them 2t the bere of the -eor an—

—emone so thai he Dlownfish does not have to worry ebout it's egTs,

SONCLUSTONS:
Through personal cbeervation and researching many articles an the sea an-
—emone and the Clown anemcnefish, I conclude that the symbiotia relationshin
of the two exiat and that each depends an each other o do it's part for the
1ife of doth animale. That without sach other they would rrobably die out and

in 'tine, becone extinet,
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THE WAY OF THE SQUID
by Deborah A. Krumpelman, Kubasaki High School

Man who has been forever entranced by the mysterits of the
sea, will begin to unravel them until§ he is fully knowledgeabdle,
Man has progressed but the mystergs still survive, Here I will at-
tempt to describe a fraction of the mystery of the sea through thas

life cycle of the squid,
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REPRODUCTION AND BIRTH
It is faxdnating to see wildlife and birth, therefore when

two squids mate one's fasdnation is obvious., Sexual reproduct‘on.
more complex than the simple asexual mesthod, is the form used by
the aqlid. This mesthod holds great responsibility on thm male
species in order for succsessful fertilization, The male must

find a fixed location for mating and not allow the female to leave
until} the eggs are laid. Afterwards he'guards the fertilized eggs=
Many of the more advanced species carry interna} fertilization
which is more succeessful for fertilization &nd protection,

*When two squids mate, the male uses one arm to grasp his
sperm packets and 1$uce them into the female's oviduct, thus
pepforming internal fertilization,” (1)

After fertilization the female sSquid leaws her young in a
gfatinous mass called * dead man's finger's ®., Tnis is very
unlike her cousin the octopus, who fiercly guards her young untill
they hatch. Dead man's tinger®'s are cigar-shaped cases that con-
tain hundreds of eggs, which are sometimes found covering the
ocean floor,. Cace the eggs hatch they begin an 1ndepeﬂ£nt life
but few survive, because during the early stages of birth if water
tempoature is not just right then the eggs will die, Certain
erab: and Tish also Teed on the newly borm.

The young who do survive can grow to be from twelve inches
to fifty feet lonz and wei~» @p to 400 pounds, For example the
giant squid of the cold northern oceans are xiiown to be the largest
invert#brates., The largest sauld ever found was found standed

at Rahneim in Norway in 1954,

"
) Jacques Cousteau, THE OCEAN WCRLD CF JACQUES COUSTZAL,
Yolume &, p. 48
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FEEDING HABITS -
The squid locates it's prey with 1t°s highly developed eyes

and captures it with tenticals or arms, Squids have five palrs
of arms. Eight are called arms and two are called tentdcdis.

The tentdcles are twice as long and lighter than the arms.(Fig 1)
The underside 0‘ the arms are covered with disc-shaped 2ones that
function: as suction'cups. Attached to the floor'of the cups

are muscle fibers that help create the vacBume. In the middle

of the ten arms is the beak which can bite and tear off largr

pedces of flesh,

The diets of the squid de-
pends on the habitat where " ¥
-they live, Most squids eat
shrimp and fish., A équid mL-
ght dart into a school of
young fish and quickly

sdége a fish,

LOCEMOTION

It ia fun to watch squids swimming gracefully through the
water, But then one wonders how the squid manages to move so
gracefully,

Water 1s forced through the venteral tubu_ar funnel (Fig 2)

thus providing locamction., The force made by the water leaving
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trhe funnel steers the animal in the opposite direction. This
funneyéan force water in or out, to make the cnimal move forwards
or baa%ards. If the animal defides t» move faster for excape
swimming it simply applies more force on the water it expells,
Squids are very fast and adapted to swimming in water.
They are able to dart very fast and some of the movements they
create in the water are beaatiful, The squid is also able to
hover in one place for & long amount of time, that in itsels &s
the reason why squ;d's attain the highest speeds of any aquatic

invertebrate,

INK GLAND AND 11U INESCENCE

The colors in the s=auid are made by chromatophores in the
int~gument. When the cells expand and contract the color is changed,
The cromatophores are controlled by the nervous system with vision

as the maen stimulédas. PIG 1

Alot of the deep sea squid

become dioluminescent, whach
means they have luminescent
photophores -
An ink-producing gland and a secreteing duct that opens
at the rectum just behind the the anus secretes a higgx:?dﬁeld-
nin pigment which is brown or black, This system of protection
fools of bewilders the predttor of the squid and enables him to
escape it's encmy, The large Ink-producing gland is located in
fhc area of the Intestines, Whenever the squid is frightened it

lets it°s gland toss the ink at the .reddtor and quickly escape,

236



JMPORTACE TO THE ECONOMY

The most commor. ec@#nomic impottance of the squid is that it
13 used as seafoud in many parts of the world, I am most familiar
with the way in which it is eaten in Japan and the surrounding ise
lands, Squid i# eaten most of the time taw, When in soysauvrs
raw squid,in my opinion can be quite taseety, Another way it is
eaten is fryed in deep fat, when this i3 done it is called Tempura.
Other importances of the squid is that Whales which are
very ec@nomically important eat squid and therefore the squids
help keep the whales abundant in most waters, Some Sperm whales
have civrcular scars on their bodies from a struggle with a giant
sdld. Squids are also used as bait for catchiqlcertain typiks of
fish,

-~==Personal research and observatione---

I have lived aroond the ocean for approximatly nire and a
half years, this time was spent in &he 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 seern squid in the wild
and watched thcir behavior rmany tirmes while snorkleing, I ravc
found that the squid (Kn the Par East) are very curious, vet shy
and timia. Sometimes wnhen one got very close I would reach out
for it and immédiatdly it would dart awny while at the same time
squirting a cloud of ink in my direction, 1 have caught a few
but none were large enough $o use for bait otXéat. Squid are -
very tasty , many times a member of my family would bring one ru
home and we eat it while it is fresh so that the natural f{acés

remains,
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CONCIUSION

Now that T have explained part of the life of the squid
a3 best as I could , I would like to ask all people who 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 from the sea will become wise because he has
seen what beauty the world has left.

The squid I think will always flourish, SiEnee the lifes
8tyle of the squid® permits the continuation of the species

by the production of many eggs, So I cohelude this report.
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PORTUGUESE MAN-GF-WAR.
"FLOATING FAMILY" OF THE SEA
by Lynda J. Soares, Sacred Hearts Academy

ABSTRACT

At certain times of the year, Portuguese-Man-Of-War wash
upoa the shores of Oahu. The enemy of any beach go-er, this
organism 1s known for its notorious stinging powers, Although
it is the painful sting which warrants its reputation, this
organism's compbex biological composition deserves much more
acclaim. I hope to bring out some of the "lesser™ known as-
pects of this creature's existance., I have not studied this
organism thoroughly, but I find it to be one of the most
fascinating forms of sea life,
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ZNTRODUCTION
At select times of the year, transparent hlue bubbles dot the beachss

of Oahu and other tropical and sub-tropical climates., Commonly referred to as
"Portuguese Man-of-War ,* these fragile blue "bubbies™ are the enemies of any beach-
go-er. As anyone who has ever had a "close sncounter™ with one of these creatures
will attest, it 1s not an easily forgotten sxperience. Although it is this ane
imals painful sting which warrants its unpopular reputation, its complex biolog-
ical composition dsserves much more acclaim than it normally receives. This is
the basic goal I hope to achieve in this report. I have not coversd each physi-
cal aspect of this organioa completely, but I hope to present more of the "lesssr”
known informatlion. Therefore, I'll begin here with my report on

*Portuguese Man-of=-War;
Floating Family of the Sea”

Functiona: Organisas Within an Organism

On the surface, the Portuguese Man—of-War appears ss a single organism.
In reakity, this one creature is really composed of four different "anizal”
bodies, each responsible for the various 1ife functions.of that one organisa.
A Portoguese Man=of War is a member of the Folyp family; a very close relation
to the Jeliyfish. The four main working bodiea of the polyp lie under the blue
"float,” within or above the Tentecle structures. The organs which work within
this community are the Feeding tentacles, the Stinging tentacles, the Digeative
organ, and the Reproductive organ. Each colony is dependent on the functlon of
the next. Since each must contribute its service to the whole organism, an in-
terdependent family systes ls created. These are the Functions which the four

coloniens provides
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SRANSFORTATION

!hofngﬂe‘blm'hubbh'hnotonlymcmuuhtion. It functiond as
the "navigatcr® for the entire “vessdl.” The capability of this bubble to inflate
and deflate itaalf controls thn.lpud at which it moves, Lenger than it is wide,
ummobomttomdorwomd.mdoontorhdhnno-tmmgh. This
Yersatility controls the directional movement. Thus, the tiny hlue "sail" is
Teally one of the main organs of the animal. Incidentally, many wonder how the
name “"Portuguese Man-of- ¥ar® came into existence, ¥With the "safl®” appsarance
anlobdomplimlmmlhichfollm.thuomdullmmdubm
athrth-oldmmmlin;shipsoftheun. Fo racial or ethnic oonnection
whatasocever; merely a coincidental *look=a-1ike",

ING 'ACLES
Mum;vmbubhlaofeightincbuinlongth.nethefeedingtm-

cles. Capadle of being lovex'ndtotdepthofﬁf’y Teot, or retracted to a few
inchu.ﬂnuptmthofoodfortheentirebuly.

These entangle saall specinens while floating in the water. Ae the fish strugsles
ntﬂntheteuhch'am.tiwpohonductsindoctlnmmliquidlntotbe
victin's body. mw«mm.mmrmtomugeMum
opening. These feeding tentacles also work with the stinging tentacles.

SIIGING TRNTACYES
'Soan-itygmda'md'foodtnpm'o:rtheormin, these work cloesly
with the feeding tentacles. l.oeahdonthotntacl-fonmmqi’thhoolm
mﬂlpmmho-numumu. These capsules will inject polson
into any foroe which t.hrutmthaull-be:lngofthaotminmdiu “family
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RIGESTIVE ORGAN

This colony is presented with the food retrisved by the feeding and the
stinging tentacles. The digestive organ assirilates and distritutes the nutri-

ents proper €o all other functioning colonies.

REFRODUCTIVE QRGAN

This is perhave the most complex of all facels jresentsd here. Although
each colony may reproduce through asexual dudding, ultimstely the whole organ-
isa may reproduce sexually. ‘rhooulydiﬂmhthh;only-thamucﬁn
organ carrles out the whole rocedure. There is only one example which would
11lustzatse this polint: Imagine a single horse reaponsible for giving birth to all
other horses, cows, chickens,and dogs on a farm. That system can be ladele! only
an ocomplex!

CONCLUSION

One of natures™s little kmown wonders, the Fortuguees Man-of-War may
be the ldeal blological balance. The pxinciple of four different, yet vitally
fucntioning cellular colonles, composing one owrganism, is the ultimate axaapls
of cell specialisation. The reproductive process, though not fully umlerstood,
employs both asexual and sexual reproductive methods. Overall, the balanced state
of this polyp is achieved only through the combimed efferts of its “dsughter”
organisma, A communal 1ife support eystem thus establishes the Fortuguese Man—of-
Var as the "floating faxlly® of the sea.
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COMMON CRABS IN HAWAI]
by Judy L. Green and Anita B. Tadeo, Pahoa High Schoo?

ABSTRACT

; In these Hawaiian waters there are about
one hundred different types of crabs around the
shores amd shzllow reefs, sorma even in the deep
waters of the islands. Some types of crabe are
edible and others are not.
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Introduction

Czab is an animal that 13 covered by a hard shell, and has jointed
lecs. It lives 1in shallow waters along the shore, and also in deep waters.
Some crahs live in hurrows in the bhanks of salty tidal streams, others live
in fresh warer,

The smallest crals are the tiny pea crabs. The female Pea crabs live
in the sheltering shells of love oysters. The shape and relative size of
the iz clawa of crahs differ greatly anong the speciés. fome crabs ara
grimers, and have paddles on their last pair of legs. Many crabs runm
side--ways on the sand or rocks of the seashore. Crahs cat other amzll
crustaceans and arthropods, ang organic matter.

Craba are taken fn nets and wicker traps.
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The crustacean most hiphly prized as food in Nawaii is zhe Kona crab,
Raning gerrata, farile Maninidae, ealled vapa'f kua loa. These animals are
not ahundant and are prized so hichly that fou manace to get into the mar-
kets. FKona crabs are denizens of sandy bottons at depthe exceeding 27 faet.
During the J2v they are mostly buried in the sand, with only the front part
of thz hodv, and the eyes vistble,

tlost crustaceans are nocturnal animals, with secretive hahits In day-
Hght, the shore crabs of the family Gransidae tyoically crawl along the
water's ed;e Juring the day. These are known by various Hawafian name:
hlhi wai, "alanihi, and 'a’ama.The 'a'ma {s Cransus pransus, a crab of the
rocky shoreline that was used as a ceremonial sacrifice as well as for food
in old Maraii, Tslanders caught this elusive crab with a line hafted with
‘opihi, Saveral old chanta concern the shore crabs,; incledinp:’

Black crahs are climhing,
crahs from the groat sea,
sea that is darkling.
Blarl: crahr an? oo erahs
scittle o'er the reef.

When you drags a large piece of coral rock out of the water, and hreaks
it apart o tha hazek, an amazinz mumher of tiny crabs scurry out from armong
tier debris. st of thesn erahsg halanz to the farmily Xanthidae. Although
mhsr o e ame Syndend - cn Island anecies of thia fanily are small, one is
the pronihep: erab, Carpilius naculatns may attain a lenpth of 6 inches.
Yanthtd rrohe cnvn aarem he parly Basaffans  w4th the nwcenticn Af carrain
polsonous varieties called Fumi=i, which ware used b kabvma In sorcer,

bnthew armwdaart sraen af crahe are the srimmine crahe. af the famile
Portmnidans. The last pair of legs on thesa crabs, modifiad as naddias, ao
e®fartiyal-- sronel thenm throush the water that they are recosnized as the

et ceererful and actls edars of all ar-he,
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Despite this natatnre ahilit-r, manw snend 2 Var-s ~art of thel= time hoviad fn
the sand.

Burrorring {n the gand {s even more charactarisrics nf the hex crahs,
family Calappidac. The body shells of crabs in the genus Calapsa hava -rfa
wingli¥e expansiona that cover their leps. Saveral specins, tose shells are
covered with nobby protuberances, look 1lilec rocks until they move.

The ghost crabs, which corprise the family Neypolilae, arc proninent alows
the waters edpe on sandy beaches. The crahs dis hurrows in the sand from which
they ererzz and scavenpz on bits of food anurg the dehris that has woste' o
on the shore. Their burrows are readily recosntize by the conical plle of sand
next to each entrance. GChost crabs arc highly active animals that scurry
accross the sand with amaxing azility. Ther oue thelr name to thaeir bleached
coloration, a featurz that sarves them well as camouflage against a background
of yh}:e ;aad. Si;nifican:ly, the ghost crabs living on the Islands' black
sand bes;hes are thensalves darl srey.

Hermit crahas, ﬁapa'i ivi nunu, comprise a specialized farddly, the Pagurd -
dae, that is adapted to life in abandoned pastropod shells. 'hereas tha ahdo-
men of a typical crab is turned under the forward part of 1ts bLody, tlhat of
aermit crab projects backrard as a soft, banana-shaped structure that fits
into its adoptad honme. The fromt end of thesa crahg Ras the *ard covering
typical of other cruatacesns, and vhen the crab has withdrasm inside its
shell, 1ts right pincer, largar than the left, serves to close the entrance.

As a hermit crab grows, it must periodically replace its “orrowed shall
with a larcer one. Yhem a prospactive replacennat £z found, U2 cra cara
fully examines 1t with his clawvs. If the shell is satisfactory, t'c crab qu’
quickly transfers his vulnerable abdomen to the newv home. Sometirmss ona crab

will atcterpr re pull another from a particularly tsafratte a-ell,
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Many hornit crahs tnha™t shallov water, the rost carmen af gt ee g
- - . - . - "

species of the genus Calcinus;. These crahs cfter corneresate under houlidlnrs
are overturned the crabs scurry in all directions. The Jargest of !awaifan
hermit crabs, Dardanus punctulatus, usuzlly occuniss the shell of tle tri
good aquarium pets. This and other hermit crabs make good aquarfun prts.

Like post other crustaceans, hermit crabs realdily accept Sits of fish or
mollusk meat, and a single piece, once a week, will Veep one well and active.

The common sand crab. A seashore animal called a crustaceans (crus-
ta~ shans) They arc called this because of the hard crust which takes
place of bones that aro on the cutside of the animal. The body of the
crustaceans is jointoed. Crustaceans are. also.called ®double-Jointed
animals.”™ this animal is quick apd active.ln its movements. The legs
never s=2m to get in the way of each other. They move forward or sldeways
its a1l the same to this speedy sand-racer.

Cortalin crabs can wander away from the seashore and remain in the air
a long time. The gills are so modified that they actually serve as lunge,

and the animal can brethe moist air.
Many crustaceans are under loose stones in shallow water. Thuy live

among the brown seaweed that grows close to shore. Certain crabs hide among
the branches of corel colonies, A little white crab lives in the sand at
the water's edge. If it gets uncovered it buries itself agaln in the wet
sand. They always dig in backwards.

The egga of the mother crab hatch lnto tiny larvac which swim to sare
face of thc water. The larvae shed their skin s>verrl tines (molt) and
firally chanze into tiny crabs. They contimie to moli during thler grow-
ing stages intil. they become an adult. When the larvae is swimning alot
fs destroyad by other anivals. A few dovelope into crabs.

Hermit crabs can be found under stones close to shore. This crab has
strapge habtits. It finds a molluak sheil and baciu into it.

Grapsold crz’s have round or squarish bodies. Szre ¢” thun erxe cul
of thw water most of the time,or clasbering over the roclhs. near the shore.
Cthers hlde under stones.in muddy places. A large amount of “rodk <rabs”
2> 0 b Tound in ~hiilow watzr. They finmd concealment under rocia closa
to shore., In some crabs the carapace im smooth: others, 14 may be rough or

251



covered with long balrs. Soma rock crabc have flat walking legs *'th aharp

elges,

Crabe with long legs &nd small todies are callsd ® Spider Crabe”.
s-21] ones ray bo found among seaweeds on the reefs. Larger ones live in
deeper water. one taken from Pearl Harbor measured two feet from tip to tip
of its legzs when apread out. The bedy less than five inches across.

Among branching cornl is a good place to find certain kinds of crade.
snooth-backed orce called Trape-ia {Tra-pe-zia) with warm colors brown,
r-ddish, or spotted are not found anyvhere else these crabe can glve a

shays pinch.

Swinming Crabe
The chammlon swimmers are nown by the chape of the last palr of legs.

There flat like paddles. Most of these crabe also have long pairs of legm.
Slapder 17 an? canable of running swiftly, as well as swimning.

Ths "Soncan® crab 1s a swiming cradb. Tt wes introduced from the south
ceps into Fawali, vhere it har rm)tiplied rapildy. 3ccause of Its large

size and huge claws and legs, it.is an lmportant source of food. the
crab lives in canals or in th mouthc or rlvert whers the water is not too

salty.
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llawaii's Seashore Treasures by: Charles iloward Cdmonson
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SHARKS
by Debbie L. Kubera, Pahoa High School

INTRODUCTION

Sharke have baen around In the oceans for mnre than 250
million years. Very little ls known about these creatures
becauss man has thought of them as dangerous specles of the
deap sea.

Sharks have no bones In thelr bodies, but they have =
large cartiledgevwhich substlitutes for their bones. Thelr
jaws are strong and their-stomaches: are tough, veo+tthéir -4}.
geative system allows them to digest almost anything.

The sharke body can be broken up and used for many
useful things such as, soup, olls, {ewelry , souvenlers,
leather, etc...

As a supplement to Hawall's food supply, the shark nes?
not be lmported and thersfore prices for shark products woyle
be reasonable, The best shark fishing areas are In southern
Oahu, so the Industry could easily be based in Honolulu where

sales, processing and proflts would remaln In Hawall.

253



SHARKS

Sharks are chiefly marine fishes and are found In all
seas, but are agpecially sabundant In tropleal and subtropieal
waters; some specles ragularly fnhadit fresh water. Unlike
their close relatives the rays and chlmeras, sharks are fish-
like In form and have lateral gill clefts. Most of them are
of moderata or large size, the largest living sharks attain-
Ing a length of over 40 feet: fossils have been discovered nf
an extinet speclams of Carcharodon which attalnad an estimnted
length of 30 feeat. The majority of sharks are gray In enlor,
and have leathery skIn covered wlth sharp, pointed scales
which are known as placold scales., Sharkskin ls used In
commerce as a source of a fors of leather known as shagreen.
A shark's mouth Is located In the underside of the hesd, be-
low the anteriory projecting snout, snd is studded with numer-
ous sharp teeth similar In structure to the placcfd scaled nf
the skin. The fins are not ﬁnusually largey shark's fins
rarely protrude sbove the surface of the wats: when the flsh
are swimming close to the surface. The tall has twn lobes:
the cartlilaginous backbone extendts Into the upper lobe of the
tall. Shark flesh {s coarae but edlable. The fins abound
In gelatin and are used in the Orlent In the preparation of
a rich, viscous soup. Sharks livers yleld an ofl which is
rich in vitamina A and D.

Most sharks are carniverous, feeding on fishes. A few,

-uch as the basking shark and the whale shark, faet nn
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plankton, straining it out of the water with thelr mleve-
1lke gill rakers. The c-eatures are active and agile. They
do not turn on thelr backs whan about tn bite. Althoush snme
specles are known to attack man, the great majority of sharke
are not man-eaters; the basklng shark and the whale shark,
which are the largest llving sharks, are harmless and they Ao
not attack man aven when harpoonsd, Of the man-esting smharks,
many are normally timid, sttacking only when Inclted by the
smell of hlood. One of the dangerous species Is a fresh-
water gray shark which lives In lake Nicaragua, Central
America, and attains & length of 9 feet.

Shark liver ylelds valuable oil contiln!ng large
quantities orf vitamin A. The fins are rich In gelatin and
are used In the Orient In the preparatlon of soup. Othar
commercial products derived from sharks are a durable Tenther,
made from the hide, and meal and fertillizer, preparet fro- thae
carcass.

Angalfish is just another different specles of the
sharkx famlly. Elther of two raylike sharks of the genus
Squantina, known also as the angel angel shark or monk Tish,
Its pectoral fins are greatly enlarged and ressmble wings
or a monk's hood, which accounts for the names. The angel
shark attalns a slze of from 3 %o 6 feet, and Is harmlens.

Its food conslts primarily of shellfish. Tt is common In
the Mediterranean Sea, and may be found near both the emst-

ern and western shores of the warmer parts of North Americe.
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Hammerhead shark , common name for any shark on the
genus Sphyrna, characterized by a flattened proiection on
elther side of the crown. The eyes are sltuated at each
end of the rubberlike projectlions, which enable the shark
to maneuver skillfully when chasing its prey. The hammerheaA
is a voraclous, fish-eating shark which reaches a length of
16 feet; 1t has been known to attack man, It ls found in all
warm seas and comes as far north along the Atlantic cosst of
the U.5. as Massachusetts, The female hammerhead [ncubates
I1ts eggs within its body cavity. Plve species are known of
the Hammerhead.
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CIGUATERA: SOME BIOLOGICAL AND CHEMICAL ASPECTS
AND ASSAYS FOR TOXICITY
by Marion K.W. Ho, McKinley High School

Atstract

This is a report of the biological, chemical aspects and
detection methods of ciguatera, a neurotoxic poison or poisors
found in marine fishes associated with coral reefs.

Ciguatera poison, ciguatoxin, originates from either a
fine alga or a microbizl heterotrovh; thus, through the food
wed, ciguatoxin is transmitted and cummulated in great
varieties of marine fighes.

Ciguatera poisoning was known since the 16th century.

But it was not until the sixties that the toxin was first
purified. It is a transparent, light yellow, viscous oil which
is unstable. Thus, it is questionable whether the toxin has

a tendency to decompose or whether it consists of several
closely related compounda., Its empirical formula was found

to be (C35855N08)n.

The earlier detection methods of ciguonatera weres bicascays
of mice, cat and mongoose, but none of these biloassays used
has been completely satisfactory., The most recent and the

most reliadle method ias the radioimmunocassay test.
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Introduction

Ciguatera is a neurotoxic fish poison(s) imown since the
16th century. Generally, ciguatoxic gpecies are limited to
those fish that feed on algae or detritus of coral reefs,
especially the surgeonfish (Acanthuridae)}, 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 cold, nausea, joint 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
nsedles” or "electric shocks”", and the feeling of heat when
cold objects are touched or cool liguids 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 weeks
(Randall, 1958).

Since ciguatera has some intriguing chemical and
pharmacological properties, it 1s a very challenging research

problem. Also, the disease presents a serious threat to the
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further economic development of the fishery resources ¢f tropical
Pacific (Hessel and Halstead, 1960), especlally crucial tc Hawail

since its fishing areas are restricted,

Methodology

Most information in this research paper are taken from
references in Hamilton Library and McKinley High School
Libriry. Some very important details were obtained through
conversation with Dr, Hokama who is in charge of the
radioimmunocassay program for detection of ciguatoxin (Dept.
of Pathology, University of Hawaiil),

Historical Background

The earliest reference to cigunatera was pudlished in
1955 generally credited to Peter Martyr, the first historian
of the West Indies. Following reports of the disecase were:
Spanish explorer Quirca’ entire crew was poisoned from eating
"pargo” in 1606 in his visit to the Kew Hebrides, Anderson's
doctoral thesis-in which he reported on more tham 60 species
of polsonous fishes of West Indies in 1829, Steinbach's paper
of 1895 on the polsonous fishss of the Mashall Islands
(Bessel, 1960).

Although ciguatera has been known since the 16th century,
researchers knew very little abdbout its pharnacoiogical and
chemical properties and nothing about its orig;n until the
1960's when there were many attempts to purify the toxin and

263



to develop dotectisﬁ methods (Eoss§1 and Halstead 1960). In
1964, the toxin was first auccessfully extracted (Scheuer, 1964).
More biological investigation into the disease was done by
Cooper, Banner, Bagnis, and Randall in the following years of
the seme decade, In 1976, the origin and transaission of the
toxin were completely confirmed by Yasumoto et al (1976). In
1976, a radioimmunoassay, a new and more quantitative detection
method, was developed to replace the subjective biocassays of

mongoose and cat.

Distinetion from other marine toxins

The poisonous fishes of the tropical Paclfic have been
divided into five major categories, The best known group is
that labeled by Haletead (1967) as "Tetrodotoxic"™ which the toxin
is confined within the puffers epecies, and 1its chemical structure
is completely locid., The second type of intoxlcation is caused
by a toxin produced in the early qpoilage of the dark-fleshed

tunalike fish by the action of the bacterium Proteus Morganii

that reduce histidine t~ toxic histamine and possibly related
products (Banner, 1976)., Halstead (1967) called these fishes
"Scoabrotoxic", The third type of intoxication, lesgs well known
and studied, is labeled by Halstead (1967) as "clupeotoxic" and
is confined to the suborder Clupeoidae. The fourth tyre has
been named "hallucinatory mullet poisoning,” and clguatera is
the fifth type of intoxication, tLe most intriguing marine toxin,
Unlike tetrodotoxin which 1ia produced by a single family
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of fishes (puffers), ¢lguatera is not corfined to any particular

species of marine fish. Unlike scombrotoxin, ciguatera is

not caused by a bacterium. Ciguatera is distinguished from

"hallucinatory mullet poisoning" by the hallucinations and by

the lack of gastrointestinal involvement from the various

mullet toxicity (Banner, 1960). Also, ciguatera is not confired

to the suborder Clupsocidae, a0 it is not related to clureotoxin.
The definition of c¢lguatera 1s very ambiguous: (1) there

is no svecific fish as carriers, because Halstead(1967) 1lists

over 400 srecies as cigvatoxic, including both cartilaginous

and bony fighes; (2) there is at least one or more toxic cCOom-

pounds in the ciguatoxic-bearing fishes,

Biological patterns of ciguatoxic fishes

Ciguatera has regional occurrence, The toxic-bearing
fishes are limited to the tropics and subdtrovics and to coral
reefs. Although the poison was first rTeported in the Caribbean,
the most recent occurrences are in the Pacific, In both the
Pacific ard Caribbean, ciguatera seems largely confined to
islands and is not found along continental marging, The only
ma jor exceptions to this rule are the coastal waters of Florida
and the Great Barrier Reef of Australia, In genseral, almoat
any of the islands of the Central Pucific, and, to a lesser
extent, those of the Indian Ocean and Caribbean Sea may bave
a few sppecles of fish that may be sporadically toxic (Banner,
1976),

Within a known toxic area in Gilbert Islands, many species
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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, Moet food chaine are from fish to fish,
but at least one carnivore known to be toxic, Monotoxis

grandoculis (Foraskﬁl), feeds on benthix herbivorous invertebrates

(Randall, 1958), In Gilbert Islands, a species of figh may known
to be highly toxic on one reef and the game apecies about 100
yards away to nontoxic. The toxic-dearing fishes may disappear
from a given area and appear in an arsa previously free of
poisoncus fish,

Within a toxic area, not all fishes are equally toxic.
Even fish within a ponulation of a single epecies are not
uniformly toxic, The toxicity iz correlated with el ze, the larger
the fish the more toxin it may contain, However, a small fish
can be strongly toxic, and a large one can be weakly toxic or

even nontoxic.,

Chemical Rature

Many attempte had been made to vurify the ciguatera poison
from the figh. Scheuer first succeasfully oxtracted « highly
purified homogensous sample of toxin through the solubility
series of organic solvents (Scheuer, 1964). He named the
extract cigustoxin, It is a transparent, light yellow, viscous
01l which he was not able to crystalize, The toxin is unstable
and loses toxicit 1in contact with air, light, and
chromatographic adeorbents (alumina, Florisil, or sllicic acid).

To some extont, activity is lost even when the sample i# stored
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in chloroform solution in the dark at -20°¢, Although ciguatoxin
behaves homogenously on successive thin-layer chromotography
({TLC) plates in different solvent systems, it is questionable
whether 1t consists of several closely related compounds or
whether it has a tendency to decompose. Tha combustion data

gave the emrirical formula of (635H65 noa)n (Banner, 1976).
Cizuatoxin may be considered to be lipid containing a

quaternary nitrogen atom, one or more hydroxyl groups, and a

cyclopentanone moilety (Scheuner, 1964),

Detection Methods

Until 1976, the most effective methods of ciguatera detect-
ion were bioassays of mouse, kitten (Beasel and Halstead, 1960)
and mongoose (Banner, 1960)., A centrifuged agueous homogenate
of the poisonous “ish tissue ig injected intraperiticnally into
the mouse and causes & reaction of ciguateric nature, but the
problem of false positives and ingensitivity of the mouse
weaken the accuracy of the result, The kitten feeding test was
also proven imperfect. Since the poisorn causes the cat to vomit
its food, the amount inzested is therefore inaccurate. Later,

Banner found that the mongoose, Herpestes mungo, reacted with

symptoas similar to those of the cat and also similar in

some respects to those of the humans, and because of legal
restrictiong of the use of cats as test animals in Hawaii, he
used mongoose for bicassay of the ciguatera, He classified

the reactions of the fish tissue to mongoose in five astages,
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based on the maximal responase in the mongoose within 48 hours
after a single test feeding: O, no reaction; 1, elight r-ak-
ness and flexion of the forelimbe; 2, slight motor ataxia,
more pronounced flexion 0f the forelimbds, and weaknsss of the
hind limbs; 3, moderate motor ataxia with weakness and partial
paralysis of limba and body musculature; 4, acute wotor ataxia
and extreme weakness, capable of only limited movement, or coma;
and S, death, .

The bioassay using mongooese is very sudjective and not
totally reliable since it reguires a very experience person
to determine the differences between a symptom of astage 1+ 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 1t 1e difficult to calculate the correct dosage given.
Thersfore, a new and more precise method is needed to detect
the presence of ciguatera in marine fishes.

In 1977, Dr. Hokama developed *he racdicimmuncassay test:
couple the radicactive material t¢ sheev anti-ciguatoxin
(1251 labelled), count the amount of anti-ciguatoxin 1251
bound to the flesh of fishes, and analysis of the antibody
bound by the¥ -courter. This test examines the toxin in fiash
tissue (high counts are positive and low counts are negative).
Rabbits and sheer were used for raising the antiserum to
ciguatera (Hokama, 1977).

The results of the radioimmuncassay and mongoose bloassay
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have a fairly good correlatiun. It was found that counts below
250,000 CPM/gm is a 0 reaction in the mongoose test, between
350,000-399,999 CPM/gnm is a 2+ to 3+ reaction, above 400,000
CMP/em i3 & L+ to a 5+ reaction. Thus, the radiolsmunoassay

is the only method used at present to detect clguatera,

Concluaion

Inspite of the complexity in many aspects of ciguatera,
gome facts which were once mysterious and unknown to the reaearch-
ers are now becoming lucid. Ciguatera occurs from eatlng
ciguatoxic fishes which are asgociated with the coral reefs
and is widespread in the trovical Pacific and Caribbean.
Biological resgearch has shown that-the toxin originates from
an unknown marine organiem (dinoflagellate) assoclated with coral
reef and is transmitted through the food web, Ciguatoxin was
purified and some of its chemical properties are known.
However, its chemical structure is not yet fully understoond.
Ta the earlier days, biocassays of mouse and mongoose were used
to detect the presence of toxin in fishes, and thes~ tests have
been proven to be sudjective and unsatisfactory, thus the
radioimmunocassay; test was developed for its sensitivity and
practicality in detection of ciguatera.

Further studies should be focus to simplify the assay for
toxicity because the toxin endangers both the public health
and the rrowth of future fisghery industry. The ultimate goal
is to develon a simple test kit for the fishcrmepn grO that they

csn distinguish a toxic fish from a nontoxic fish readily
after the catch.
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STINGS: THE YARIOUS TYPES KNOWN TO OKINAWA
by Janette Spencer, Kubasaki High School

INTRODUCTION

Land and sea share some things 1n common. As on the land we live, the
sea has many dangers. One of the dangers that divera and recreational swimmers
encounter are stings from various types of sea creatures. I have concentrat-
ed on Okinawa, the Ryukyus Islands, as a main topic to research abour the
stings that have occured on the island and to eaphasize Into the wonders
of those sea creatures.

The main purpose of this report 1s to find out more about the sea - fts
creatures — and about people who may have getten stung by those poiscnoous

Creatures.
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The Ryukyus Islands sre surrounded by two bodies of water, the East
China Sea and the Pacific Ocean., Since there {s the ocean there are ocean
lovers who love to explore the waters of Okinawa. Some of thess people
have axperienced 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 weet Professor Yamazato. I conducted an interview
on 21 October 1978 at 11:43 a, m. to 12:14 P- @,, in Mr., Yamazatc's study
office, room 207,

I began my interview by asking about the most common stings that occured
on the island.

He replied that to his knowlaedge, he thought the jellyfish (medusa),

& member of the Phylum Coelenterata was fairly commcn. He discussed a case
that occured in July 22 of 1970. A group of students from the Gushikswa
HBigh School tock the Teruma course for a swimming trip. Soon after the
students started to swim, they complained of atinging on their arma and on
other parts of their bodies. After close observations, the stinging was
found to be caused by a very tiny medusa, approximately 45 om. in diameter.
The creature that stuns the students was classiffed into the Class - Bydrozoa
and was callad Sarsia. The condition of the stings were much similar to
mosquite bites and all students who swam got the infection. According to

the students, the pain on the area whare they got stung continued for & while
and took weeks to recover.

Apother well-known stinger is the Portugese man-of-war.of Physalia
physalis. Actually, they are a colony of polypa. According to Mr. Yamazato,
they arrive on Okinawa after the month of September, brought by wind currents.

Another common sting is caused by the coral. Although 1t doesn't move,
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the coral is a living sea creature, too. A slight scrub against one, would
cause pain, and cuts that may last a few dyas,

Few of us who walk along beachee can resist picking up and admiring a
shell., 1If it 1s & large clam shell we may take it home, perhaps to use as a
baking dish. If we find lots of tiny shells with holes in them we may string
them, to wear as a necklace. Or, some people may be collectors, identifying
and saving every type of shell they find.

However, there are dangerous types of shells to be found on Okinawa. The
cone shells in the class of Mollusca are one type. They usually attach
themselves to areas near the sandy bottoms. Being killed by a cone shell
is 0ot 80 common here on Okinawa. The incident may probably occur only once
in about every ten years or more,.according to Mr. Yamazato.

When I asked Mr. Yamazato about an interesting creature he quickly
responded that the gponges - Porifera are the most primitive of the multicellular
animals. And, they are often thought to be the most unusual. Because of
their lack of mobility and their plant-like appearance, sponges were widely
believed to be plants until the early 19¢h century. Mr, Yamazato treplied that the
Zoocanthics -~ in the Class Porifera very much interests him because it ig ten
times more toxic than the puffer fish.

Another harrassing sea creature is the crowm-of-thorns starfish that
eat up the large masses of corals formed on Okinawa. The best way to treat

P ture
& crown-of-thorns bite 1s to suck the blood from the injured area so that
the poison will not go through your skin. It {s similar to the trestment
of the habu bite,
Puncture
The condition of the crown-of-thorns wike will vary with the mumber of

spines that attaclf the skin., There have been no deaths on Okinava in the

past years, from a crown-of-thorns bi¥e. However a queer, unusual case was



daveloped whan a man was found desd on the shores of Miyako Islands in 1957.
Blologist who've studied the case pradicted that it was caused by excesaive
stinging by crown-of-thorns, but this is not yet proven, and the case atill
lies unsolved,

According to Mr., Yamazato the toxin that the crown-of-thorns hold
in its spines are not yet known.

But it is best not to criticize the crown-of-thorns. Researchers in
the University of Ryukyus are actually studying about a){ eweeesive way to
use the toxin in the hormones of the crown-of-thorns to make a medication
to cure cancer! But further information wae not availabdle at this time.

There are also type; of stinging grass, or sea plants. They are the
bluegreen-type seaweed called Lyngunyia, that grows on rock and on areas that
the ocean can reach. It is almoat like algae and when it makes contacts
with the skin, it starts to sting about 8-10 minutes later. The type of
seawveed appears thread-like and feels like cottor balls. It 1s usually
red-violet in color or brown. There are alsc scme green ones too. The
seaweeds are found Iin large amounts in Kahaluu Bay in the western area on
the Big Island of Hawail and also on Okinawa.

I was one of the people who have had some experience with these dangerous
sea creatures or plants. It was on the summer of 1974, The exact date is
July 5, 1974, when I went to a swimming picnic with my family to the Imbu
Beach, located in the northwestern part of the igland. I was standing in
the water when I accidentally lost balance and layed my elbow part ¢f 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 greem clover-
looking things stuck on to my arm. Since I was frightened with shock, I ranm

to my mother to ask for help in removing the weird sea plant. When my mother
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saw the plant, she couid not 1dentify the sting, and rushed to a nearby
Testaurant to ask for vinegar. While doing so, I removed the green particles
from my arm myself. After doing so, the wounded area became white and pare-
ially shriveled. 1t was probably an Indication that poison was injected

in the skin. Socn I began to get chills and T developed a high fever.

My mother brought the vinegar and poured it all cver the wounded area. That
relieved some of the pain but not quite all. Sowme men suggested to rub

sand over the wound to relieve the pain, but according to Mr. Yamazato, this
would not have done anything better to remove the pain anyway. 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 the class Crustacea and are called Cirripeda. They
are often found in piles by the ocean and attached themselves permanently
to a rock where the body of waters will reach them. 1've also gotten the
chills from barnacles, but the acratches recovered in a week.

Although not too common to Okinawa, Okinawa was invaded by sea wasps
in the sumer of 1978. This member of the jellyfish family is quite capable
of killing people and just may be one the most smerious problems tc face
the waters.

Native gﬁ Australia, where many people are killed by this creaturs
each year, they have progressed north over a period of years B# become quite
common in the Fhilippines. They exist there in large enough numbers to be a
real hazard to swimmers,

Unttl this year, the sea wasp has been all but unknown on Okinawa.

One was sighted near Maeda Point In the summer of 1972, and one was seen

near the refinery island on the Pacific side i{n the sumer of 1973. Earlier

275



in the summer of 1978, reports began coming in of sightings all around the
island. Most of them were not single sightings, either, but generally spoke
of seeing seven, or four, or some other groupings.

The serfous part of this problem is the fact that th's cresture is
highly poisonous and can easily kill a person. an adult sea wasp will have
tentacles vhich are 12 to 24 inches long, and these tentacles contain the
stinging cells. When a swimmer touches these cells, he is injected with
pelson,

f The vorld's foremost authority on the sea wasp is the Commonwealth
Serum Laboratory in Melbourne, Australia. They estimate that coming in
contact with six meters of tentacles will ki1l any adult,

The three hits on Okinawa s0 far this year since the ap-carance of
the sea wvasp have luckily been slight brushings with the animals. Two marines
and one Okinawan have suffered the excruclating pain that comes from the
mereat touch of this creature.

The hits here on Okinawa were all in three to four fest of water. The
ouset of fmmediste excruciating pain {s the main symptom. Almost in-stalgzns
paralysis or coma can result, and death 1is posaible in as little as thirrcy
seconds. The victims here were hit on both the Pacific and the China Sea
side of the island. All of them were in sandy bottom sreas.

If you or somecne else gets hit, DO NOT ATTEMPT TO WIPE TEE TENTACLES
OFF THE VICTIM. This will only bring more poisom darts into action., The
tentacles do not die. These pnematecysts are iike loaded guns. They remain
dangercus and ready to shoot when someone pulls the trigger. The tentacles
may be lifted off the victim. Use a towel or some other protective material
as cloth, to protect your hands. Bathaming the saffected aeea with wethyl

alcohol may bring some relief. (not ethyl) other things that might be used
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for first aid would be Gonh. vinegar, cola, meat tenderizer, baking soda,
or other mild acida. None of thesa will fix 1t. The very best you could
hope for would be a slight lessening of the pain.

The sea wasp, which bhas a clear jelly-like appearance, is capable of
swimning quite fast for a jellyfish. It has been estimated that it cap do
two to four knots, which is faster than swimmer can sustain. Luckily it 1s
not agyessive. It will not swim after a victim, 1t does not attack suything,
and 1t is not looking for a swimmer for its next victim. To get hit you must
go after the wasp. Since they can be found at any depth, even scubs divers
st use caution while diving. Paralysis at 60 feet can be a very sericus
condition, This bhas ended my report. Much of the information of the sea
vasp and #  Jellyfish were taken from the recent issue of the Okipaus
Pastime.

I would like to conclude that from wy knowledge, stings awe caused by
the svimmar's misjudgement, although sometimes they are not. If you don't
bother the creatures, the cresturss will most likely not bother you,

Vhen you wish to enjoy the watsrs around Okinaws, think twice and be
cautious, and don't make the same mistaks as some othar swimmars heve
experienced.

"Swim at your own risk", would be a phrase that I would use to advise

thosa pecple who enjoy swimming on Okingwm.
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SEA PRODUCT ALLERGIES AND THEIR PROBLEMS
by Arlene D. Bazell, Pahoa High School

ABSTRACT

Our oceans, vast and bearly explored,
&re finally receiving some of the long-overdue
research as the fileld of oceanography opens
up. Qur oceans are looked toward for food,
fertilizers and other minerals, energy and
recreation. Put with all the good comes eome
bad. As more time is spent in the occean by
man, and as more sea products and ty-products
are develpoed, produced, and consumed, the pro-
blem of ocean related allergies become appar-
ent. How, if possible, does man overcome this
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 sea by=-pro-
ducts as additives, such as toothpaste, pud-
dings, icecream, and cosmetics? Does this
open up a whole new field of marine immuno-

logy?
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INTRODUCTIONK

When spoken of, the term allergy is often thought of
as sneeging or hives caused by hay fever, milk, eggs, or what
have you. But as the ocean is turned to as a resource for
various suppliee, such as food, minerals, energy, etc., another
cause of allergy must be conaidered: The asea product allergy.

Perhaps the most common of the sea product allergy is the
allergy to the wollusk and anthropods {generally refered to
as "ghell fish"™.) These foods, such as shrimp, lodsters,
etc., are usually easily avoided, with strong will power.

Alno, 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-procducts 1s one. It 1s thought that some of
these patients are allergic to iodine or iodides which are highly
concentrated in sea foods and sea life, In this case, contact
with the smallest particles of seaweeds or any other sea life
would most likely induce a reaction. Thus, even a small cut
on what seems to be a ¢lean, 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-

lize that they cannot tolerate eating a specific

brand 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 whigq they are allergic to that gives them
troudble,
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Whale oll and ambergris are important factors in manu-
factoring of cosmetics and pharamaceutical products. Thus,
Just applying make-up or taking certain medications may cause
a reaction,

Another comment on the sea product allergies, ty Dr.

Carl Lehman of Straub Clinic, was that a hay fever type reac-
tion is posaible, 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. is

a person allergic to pollen would get hay fever, so might the
person allergic to sea products. ILittle research on this sug-
gestion has been done, but it 1is quite possible.

The reaction to sea products and by-products allergies
may range from simple indigestion, to nives and swoller joints,
to suffercation., Quite often a person may not react one time
but another.time he may.

It may be remembered, too, that whereas the reaction

o - F -7T.rgen may be very proupt and obvious, it
alao may be aelayed for several bours, or perhaps

appear orly as a cumulative result of repeated fee-~

dings...*2

The cumulative type of allergy usually starts off mildly
but ﬁay warsen with 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 percon only eacounters a small amount of all~~ . only
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2 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. 1In esence, the allergen is 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-
@ine and heparin., Thus, the lergic response can act in a
cunulative fashion, This cumulative response, in some casges
can lead to an anaphalatic reaction and even death. So al-
lergies are a greater problem than most people realjze,

Generally speaking, an emergency patient is gliven 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 patlent to go into shock if he is sen-
sttive to the drug. To avoid this, many doctors will admin-
ister smaller doses at first and increase §t if necded.
e=ew 7T iyg which may be used is Terbuline.

Many allergy rcactlons 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
baths have been used for many years. Cormstarch, oatmeal,
bran, baking soda, tar or potassium permanganate may be added
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-

manganate, )

METHODS

The reason I had picked this topic is because, after I
wag deeply interested in oceancgraphy, I learned that ] was
seriously allergic to all sea products and by-products, My
allergy was the cumulative form and my blood system reacted
with hives, Jjoint swelling, itchiness, and adventual suffo-
cation 1f I am not cautious, with every digestion or touch
to an open wound with fish, seaweed, or other sea life. The
gea by-products in everyday things, such as toothpazia, ud-
dings, perfumes, ar.i cosmetics would cause hives and sever
headaches,

After seeing an immunologist, I went on an elimination
diet, aliminating as many sea products and ty-products as
possible. Once my system was clear of the poison, the diet
was not as strict. Fish, shell fish and seaweeds were avoided
“al viw yy=-yproducts were allowed. This diet works, to this
day, with need of an elimination diet only occasionally.

1 am one of the rare individuals who has such a strong
reaction to sea products, but I could probably very saftly
venture to say that many individuals unawaringly suffer ‘rum
sea product allergies., As we Increase our use of sea producis

medical related problems will come to the surface.
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Emotions seem to play a large factor in my aliergy, as I
imagine it doea in other allergy cases too. Allergy attacks
seem to come more frequently when oy diet is not watched strict-
ly, when I am getting over a cold, spend faliguing hourz crum-
ming for exams, or have had an emotional strain. Fhysical, em-
otional and mental conditions tend to have, also, an effect on

the severity of the attacks.

RESULTS

With all of this, many of my friends and relatives Lhought
that I wasn't being practical for still Persuing an educatior
in oceanography.

But still, I persue my interest and have received consid-
erable encouragement.

»--high motivation enables many individuals to over
come a lot of hurdles,..®?

ss.allergic conditions may prevent you from obvtaining

first hand personal experlence with some marine sub-

Jects of stucies, but we see no reason why it should

seriously handicap you in seeking a career in marine

bioclogy...*4

I learned through inquireries to numerocus laboratories,
that there are so many areas to oceanography, that only specific
areas require field work. Actually, entering the sea is not
totally neccessarv! Trere 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 or fossilized specimen, agquaculture or even
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studies on the allergy itself! That is only the beginning. There

is 8111l marine illustration, textbock writting, education, ete...

CONCLUSION and RECCOMENDATIONS

My education in oceanography, as it could be for others, can te
in any of these areas. But, thus far, ay education has taught
me something else, something I could not have learned 1f not for
my allergy. It has taught me more patience and caution, when
handling sea life, to appreciate the sea, even more than I cid
before, and awareness, of the foods I eat and the additives
present irn thenm,

I feel that my allergy was not meant to stop me from nmy
interest in oceanography, but to deepen my respect for <he sea.
There are ways to overcome such prodlems this allergy can cause:
To be more eautious with-the things you handle, use of a wet
suit is an added protection, or for an even safer route--to
persue interest in laboratory work. But by no means, should it
£top you. A sea product allergy, o 2 student of oceanogruir,
is only a hurdle, and what are hurdles meant f»r, but to over
come?

FOOTNOTES
Pg. 1

*1 Dr. Carl Lehman, M. D,

Pz, 2

*2 H. W, Bottomley, M. D,
Allergy: Treatment and Care
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FOOTNOTES
Pg. 5

*3 Albert C, Smith, Ph. D., M, D.
The Oceanic Institute, letter of May 10, 1978

*4 Fajth Schaefer
Sea Secrets staff, letter of April 25, 1978
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