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SEA EXPLORER I
by Scott D. Snider, Pahoa High Schoo'I
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Sea ErgHrer I

Introduction

Submersibles of the Past;

The unde ~ater living habitats so far have made underwater study and re-

search improve Wy far. 'vfith these past habitats we have been able to study

orginisms in their true environ ~ent. 'ate have also have been able to see the
ccfec'.s on men eg:nsed to long saturation dives. The denly thing thehe hab-

-'tats are hindered by is the fact t."at they are stationary. The-r have no

forward or reverse movement at all. Theq can ~nly stay as ion~., as the 02 supply

lasts. They can only go down once and. "ome up before reloading heavy balls,st

tanks. 'lith my theorr I have shelved a couple oZ thes.: problems ~

The insides nf m' habitat wil.. be laager but ~af'ortunately will have t1 e

same "sque~Wr voice" problem because of the breathing of holi ~m. So far men
have > uilt showers, spe .ial toilets, and. exellent environment control sys-

tems. These aid in the corn orts of underwater livin ..

.suavely a habitat consist ~f li ing quarters and a small latrotory.
They also have a vcr entry port and an excape su~mkrible .n case of an ac-
e'den' . This is a drawing of t! e arranged cabin o" hat.itat A~ier  built -n Oahu!

ntry
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Sea Facglirer I

Introduction

;.ufmeribles of the Fast  cont.!:

n .he outside if the 1',ving s;.~ce are kept tanks fille<' -~~itih a breath-

able gas mixture+. Also there are cane."as, idio equipment and batteries to

r m the electrical equipment.

..ow I will expain iin depth the underwater liv .n habitat Sea Explnr,.r I

desi,ned. I res:arched on this project for four months patherin;; little

knowledge every week. These next gages will show wh:.t I'vo learned and made

up to produce Sea Explorer I.

Dicussion

Ig theory of an underwat..r habitat is a simple one; an un'".,rwzt-..r le':.rn-

ing laborotory. I think the only way toy can learn is to see it yourself so

I designed a habitat that is m iveaF le.

'P theory of moving a habitat goes like this: aft:..r ' t first lands on

t'.e ocean t ottom and needs to b'. moved it should visa and be propelled to the

next spot. Then it should ag..in again to t' e ' ottom. This may se .m the same

as the old way and it s excet fob tl e fact that it doe"n't need to change

hea-y ballast every dive and it doesn't to ~oh surface.

'%at happens is a heavy duty .butyl Rubber Ponto in is filled with gas

l.y a compress'~. This makes the habitat rise and then it can ke prop..lied

by an underwater engine. >Jhen the scientist would like to stop they should

have a diver sco st the area or look oat the ports and decide where to land.

+ See page/

<-<' See page 7



Sea Explorer I

The compressor pumps t'.e gas o»t of the pontoon and ther. t' c habitat

drops to the sand. The sea floor may riot be level and I.'m ro..osinI- that

»iderwater hydrolic' be used to level the habi-~at~.i' ve not had en ii<gh t.i.:Te

to see any h; draulics underwate, on T.V. or in book . So if it is !ios-i' le
so vill m. level device 1e possible. IP habitat will have two Ziab areas so

more study of unde=eat r can be possible. iere will be an escape r:-;hicle

in case of' accident. I sug'est it be a four man mini sub,  So no one has

to draw staws.!

One thing I haven't consdered, or looked into, is the decompression

fac orson Being a SCUBA diver myself I know how dangerous it is to come up

not followirg t'.e dive tanles. '.Rat happens is when you ar iniderwater

and brea'.hing co,rpressed �.-as .,ou absorb n'tro en in your I ~dy. This is

called the bends. ';Jhen diving in a habitat aft..r a certsiz time  dope;iding

on dep h} a diver becomes saturated with jiitro,;cn. This has no effi.ct on

the diver until he comes ip.."c orMI; to Eoyles law, 'as will expand

wh n pressure is released. So when you come up the nitro:,en, usually in
;joints, expands and causes much pain in the joints. If' the nitrogen .I.s in
your blood stream and expands and a bul.ble,.oes to the brain cr cheart its
all over. To avoid this ou must come «p slowly and i» stages. Era>!ile

200 ft. "or 20 mins., 150 ft. for 16 mins. and so on i»it,il ou reach ':,'~e

surf'ace. ',/hat I hav.n't looked into is the fact ',hat w':en .i' habitat oaves

I d n't know ii it goes through decompression of' »ot. I~ habitat moves



Sea l xplorer I

s terrain.

I figure t at no decompression is ne::<Ied unless R %0 Jntain or h' h

ridge ha: to te passed. If decom. is needed. it w" ll pro' ably have to be

figured out on a computer~ since ~ he rise and "all will vary great+.

I' ve already said that there will be two labs and one living quarters

area+. One of the labs be designed by me. It will have a dcconpression

ni ter or a small computer to "~~rk the de'corn. problems. It will have a bo k

shelf and lab equipment fit for the '.ask of the 5ea .xi.l~rer I, 't will

have space for recording macI.'.nes and other equipment f~r different under-

water exper',.aen4s. It will have a st~rage for food and clothes «nd also a

tool box. faybe a l ook shelf and tape deck could a1so be added for more

at home feeling+.

I have explained all the details of my underwater livia;- habitat Sea

Explorer I. It i" to my knowledge that all of the theories work and maybe

someday a I~roject s' milar to mi»e or with . ome ideas from mine be built

and t» tod. I ho, e these ideas of mine help man reach th': ul'.imost goal

which is livir.g in a working peaceful env'~r nment under the sea.
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Jkerospace iledicine, volume 42~ Number 12. Zecenher 1971.

Henry Horn, President bhksi Ocean Engineerinp, Inc. letters 1976-77.

Ho?anXsg~J. K. The Psychologr and 'fedicine o. uiving ar~d Compressed
Air ' ork. 1969.

Pegg, John. Five thy Ocean Staurati.on Dive dsing a '.mobile
Habitat.
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An Analysis of the Possibility of using
Ocean Thermal Energy Conversion to power

Floating Cities.

by Edward C. Hylin and Jo L. Whitman
University Laboratory School 3/10/77

A Floating City basically consists of a hemispherical structure,

supported above the water by pillars resting on sub-surface pontoons.

Ocean Thermal Energy Conversion  OTEC! plants are anchored or floating

ocean structures, which use heat exchange engines to extract energy from

the temperature differences between different layers of ocean water.

Because Floating Cities and OTEC plants appear to be analogous structures,

we decided to analyse the possibilty of using an OTEC plant to provide

a Floating City with electric power.

Both advantages and disadvantages result from using OTEC plants to

power Floating Cities. The greatest disadvantage is that OTEC plants could

probably only be used in the tropics and in warm water currents. The

greatest advantage is that it may be cheaper to use an OTEC plant rather

than a conventional plant to power a Floating City. There are also

technical and legal obstacles thatmust be overcome before either structure

could be built, though these apply to each structure individually rather

than as a whole. In the end, only a weighing of the aforementioned

advantages and disadvantages will determine whether or not an OTEC plant

is a viable powersource for a Floating City.

12



An Analysis of the Possibility of using
Ocean Thermal Energy Conversion to power

Floating Cities.

by Edward C. Hylin and Jo L. Whitman
University Laboratory School 3/10/77

The concepts of Floating Cities and Ocean Thermal Energy Conversion

 OTEC! have been discussed often in recent years. Since some designs for

OTEC plants call for a floating ocean structure, we decided to investigate

the possibi lity of integrating the two concepts; using an OTEC plant to

power a Floating City.

The idea of Floating Cities has been advocated by various groups of

people, including R. 8uckminster Fuller, a group of scientists at N.I.T.,

and others. Dr. John P. Craven of the University of Hawaii has contributed

to the concept the ideas of supporting the city on submerged pontoons, and

organizing it with regard to population densities, A Floating City as

visualized by Dr. Craven consists of three parts. Part A is a hemispherical

portion which is above the surface of the ocean, Part 8 is the transpor-

tation level on the surface, and Part C is the portion for bouyancy,

stability, and industry, consisting of pontoons submerged severa't hundred

feet underwater. Parts A and C are connected only by elevator shafts,

leaving most of the surface of the ocean free for vessels to pass through.

Part A would be organized somewhat like a beehive, with the greatest

concentration of population being in the center, and density decreasing

outward. Therefore residential areas would be on the outer edge of the

hemisphere, with the top being a park or a open area. As one traveled

toward the center, one would arrive at the next group of activi ties which

need a somewhat greater density of population, such as shopping centers,



stores, restaurants, hospitals, businesses and other service centers.

In the center of the hemispherical complex would be high density activt$es

like theaters, stadia, churches, schools. gyms, and so on. Throughout

this complex vertical transportation would be Py elevator, while horizontal

motion would be by walking. Carts and freight elevators would be used

to move goods. Wastes could be removed vertically to a leve1 just above

the surface of the ocean, or could be separated for processing.

Part B is the surface of the ocean, which is used for transportation.

Hydrofoils could provide rapid, comfortable transportation to many points

on land. The traditional ferry could be used for inexpensive transportation

of a large number of people, and submersible craft would provide a relaxing

mode of transportation, which could be used even in rough weather. Barges

could provide transportation for caeedities such as food, clothing,

and mail. Some provision could be made for pleasure craft. Perhaps some

shelter for vessels should be made under the city to protect such vessels

from being smashed against the structure by large waves.

The pontoons of P'art C are huge submerged structures which are there

to provide stability and bouyancy to the city. Thes pontoons could be

either vertical or horizontal, and would be a good place to situate

light industry, where it won't bother the residents or pollute, the city.

Industria'l wastes could easily be deposited in the sea, or transported

to the surface to be disposed of with other wastes. The surrounding ocean

water could be used for cooling machinery.etc. The pontoons could also be

used for storage of supplies, such as fresh water, or this area could be

14-



used to house the powersource for the Floating City, for example, an

OTEC plant.

OTEC plants utilize the temperature differences between various

depths of ocean water to create electricity. The idea of using thermal

gradients in the ocean to produce energy was conceived by two French

scientists: first Jacques d'Arsonval and then by Georges Claude. Nore

than forty years ago Claude buHt a small 22 kilowatt OTEC plant on

Natanzas bay in Cuba, but only recently has the concept gained much

attention.

There are two general types of OTEC plants: "open cycle" and

"closed cycle". The open cycle p'lant utilizes the fact that water boils

at a lower temperature when the atmospheric pressure is decreased. In

the open cycle OTEC plant, this boiling is accomplished in what is

known as a "controlled flash evaporation process". Surface ocean water

at about 25'C enters an evaporation chamber where the air pressure is

maintained at about 25 torr �.5 psi!. In this chamber the water

flashes into steam, which is then used to drive an expansion turbine.

From the turbine, the steam flows into a condenser, where it is cooled

into liquid again by cold deep ocean water pumped up for that purpose.

The water from the condenser is then discharged into the ocean.

A closed cycle OTEC plant uses what is known as a Rankine cycle

engine. This engine uses a working fluid such as propane or ammonia,

which boils at a high vapor pr'essure at about 24 C. This fluid is first

compressed and then goes into an evaporator, where it boils into gas at
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high pressure. The evaporator is powered by a heat exchanger, which

transfers the heat from warm ocean water to the working fluid. From

the evaporator, the pressurized gas flows into a turbine. The cycle

is then repeated.

An OTEC plant costs more to build than a fossil fuel powered

plant of the same capicity, but the fuel  warm and cool water} for

an OTEC plant is free. For a structure such as a Floating City this

fue1 has the advantage of being the most readily available energy

source, since other fuels must be transported to the Floating City.

In this paper we will analyze the advantages, disadvantages, and obstacles

to powering a Floating City with an OTEC plant.

In addressing the topic of this paper, we first obtained infor-

mation on both Floating Cities and OTEC plants. He arranged an interview

with Dr. Craven, who is Dean of Marine Programs at the University of

Hawaii, for the purpose of obtaining information about Floating Cities.

For this purpose we also made a phone call to Mr. Guy Rothwe'tl at the

Oceanic Institute. From our Social Studies teacher, Ns. Faith G. Paul,

we obtained several reports and pamphlets from which we extracted the

information we needed on OTEC plants. By comparing and ana1yzing the

information from these sources, we arrived at the conclusions presented

in this paper.

There are several advantages that result from using an OTEC plant

to power a Floating City. The first and perhaps most important advantage

is that it may be cheaper to use an OTEC plant, rather than a conventional



fossil fuel plant,to power a Floating City. On a Floating City, the

cost per installed kilowatt of an oil-fired powerplant would be about

$500. Using data from an economic analysis of OTEC plants and the fact

that a barrel of oil now costs about $12; we calculated that if the cost

per installed kilowatt of the OTEC plant was less thn about $1100, it

would be cost-competitive with the aforementioned oil-fired powerplant.

The actual cost could easily be less than this, as the cost per installed

kilowatt of an OTEC powering a land city has been estimated to be only

about $900.

Another possible benifi t is that the nutrient-rich discharge water

from the OTEC plant could be used to support aquacu'Iture. The cold water

pumped up by the OTEC plant for cooling purposes is rich in nutrients

used by marine life. This nutrient-rich water could be used to stimulate

the growth of phytoplankton, which in turn could nourish larger marine

organisms. The produce of this aquaculture could be used as a food

source by the city, as well as providing it with a possible export

product.

However, there are also disadvantages to powering a Floating City

by OTEC. In order to operate, OTEC plants require a warm layer of surface

water with cold water beneath. Floating Cities with OTEC plants are

therefore limited to ocean areas where this situation is available:

tropical waters and warm water currents. Fortunately this still includes

all the ocean waters up to about 23' North and South latitude, as well

as currents such as the Gulf Stream, which carries warm waters from the

Gulf of Mexico past the Eastern seaboard of the United States.

Corwnittee on Alternate Energy Sources for Hawaii of the State Advisory
Task Force on Energy Policy. 1975. Alternate Ener Sources for Hawaii,
Department of Planning and Economic Developement, State of Hawaii, and the
Hawaii Natural Energy Institute, University of Hawaii.
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A second disadvantage involves the heating and cooling of the Floating

City. If a Floating City were powered by a conventional powerplant, what

would otherwise be the waste heat of this powerplant could be used for

heating and cooling purposes. 'fifth an OTEC plant as a powersource, waste

heat for these purposes would not be available. Energy for heating and

cooling could be supplfed by electricity, but this would increase the

size and cost of the powerplant.

Asfde from the advantages and disadvantages of the combfnatfon of a

Floating City and an OTEC plant, there are several obstacles that must

be overcome before the structure can be built. However the obstacles

identifiable now apply to the systems individually rather than as a whole.

Tha obstacles to the construction of OTEC plants are technical; and the

obstacles to the construction of Floating Cities are generally legal in

nature.

The first obstacle to the construction of OTEC plants involves the

problem of bio-fouling and corrosion. The pipes and parts of an OTEC

p1ant  particularly the heat exchangers! will experience to some extent

corrosion by seawater and fouling and clogging by sea organisms. The extent

to which this will occur has not yet been determined. The other problem

with OTEC plants involves their sea-keeping behavior. Because a large

proportfon of the mass of an OTEC plant fs water mass, and this mass is

more or less hydrodynamically coupled to the structure, an OTEC plant

represents a new type of engineering problem, who's behavior in ocean

~aves and currents is not yet known.

The first obstacle to the construction of Floating Citfes is answering

19



the question of how to define and regulate them. Since Floating Cities are

a new type of strucure, few if any laws applying to them have been

.established. The second obstacle arises because of the size of the

Floating City. Since a Floating City would be on the order of 1/2 mile

in diameter, it might interfere somewhat with navigation; and some

method of handling this satisfactorily must be found. The third obstacle

involves the transportation of people and goods to and from the Floating

City. If the city is in a high wave area, the usual methods: ferry and

barge, could not be used since the waves could sink either one by

smashing it into the city. In cases like this another method of transpor-

tation must therefore be found.

These obstacles can be overcome of course, with more or less

difficulty. At present research is underway at Keahole point, near Kailua-

Kona on the island of Hawaii, for the purpose of obtaining data on OTEC

plants. Hera research is going on not only on the problems of bio-fouling,

corrosion, and seakeeping behvior, but also on ocean conditions, aqua-

culture, and the socio-economic aspects of OTEC plants. The knowledge

from this project willaid in overcoming the obstacles to constructing

an OTEC plant. The obstacles appear slightly more formidable in the case

of a Floating City, at 1east they are more complex. The last is an

engineering problem, with a different solution for each Floating City,

depending on the area where it will be 'located. The other two problems

will have to be brought up at a meeting such as the Third United Nations

conference on the Law of the Sea; or if a powerful "International Seabed

Resource Authority" was established, these questions could be left to

20



i ts discretion.

Once these obstac'les have been dealt with satisfactorily, the question

remains as to whether or not a Floating City should be powered by an OTEC

plant. The answer will depend upon a number of factors relating to the

relative advantages and disadvantages of using an OTEC plant as the power-

source. Obviously, a Floating City cannot be powered by OTEC in those

areas where an OTEC plant cannot work. Likewise in areas where the Floating

City would require heating, an OTEC plant might not be a viable powersource.

However, when the Floating City is situated in an area of mild or warm

climate; OTEC becomes the most desi rable energy source for a Floating City,
because of the cost advantage it holds over oil or gas. ln this case, the

possibilities for aquaculture become an added benefi t of using an OTEC

plant as the powersource.

Therefore, we conclude that an OTEC plant can often be a viable

powersource for a Floating City, especially in tropical waters such as

those surrounding these Hawaiian Islands; and once the aforernentiooed

obstacles have been dealt with succesfully, if a Floating City was ever

to be built here in Hawaii, OTEC would be the most desirable means of

providing ft with power.
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OCEAN THERMAL ENERGY CONVERSION AS AN ALTERNATIVE
ENERGY SOURCE FOR HAMAII

by Matthew S. Varney, University Laboratory High School

ABSTRACT

One hundred percent of the oil used in Hawaii is imported from foreign

countries. Should Hawaii's import sources be cut off, we would be totally

deprived of an essential energy source. Ocean Thermal Energy Conversion

offers a means whereby Hawaii could become self-sufficient in energy. It is,

therefore, important to consider the feasiblity for harnessing this power and

environmental impacts associated with OTEC development.
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INTRODUCTION

The total fuel consumption for Hawaii is presently 116,000 barrels of

crude oil each day and 100K of this oil is imported. Of the 116,000 barrels

of crude oil being used in Hawaii, 25% of it is used in the generation of

electricity.'

Since the oil is 100% imported, if for some reason the O.P.E.C.

nations have a disagreement with the U.S., or with Hawaii, and just decide to

totally cut off the oil that they are now supplying us, we would be in a very

bad situation. People might think that, with all the oil coming from the

Alaskan pipeline, we would have no problem getting all the oil we need. The

truth is that the oil coming from Alaska is too high in sulfur content to be

used in our electrical generators.'

In the UPS. there are no other known sources of oil that are really

possible to tap. There are some sources in California but, with all the

problems they are having, it wouldn't be very likely for us to get large

quantities of oil from them. The price of oil can go nowhere but up, and

the amount of oil left in the world is relatively low.

During times like these, when fossil fuels are becoming more scarce,

it is a good time to find and research possible new sources of energy. One

energy source now being studied is Ocean Thermal Energy Conversion  OTEC!.

This is a process that is designed to get useful work from a heat engine

powered by the temperature differences between warm water at the surface and

cold, deep seawater.

Here in Hawaii, quite a bit of work is being done with OTEC. On the

island of Hawaii there is a proof of concept plant in operation and

'Howard Wiig, interviewed by Matthew Varney, 3-3-77.

~ Ibid.
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extensive studies are being made on it, including its efficiency to total

environmental impact studies. If the research does pay off and a good system

is developed, the potential for OTEC becoming a major alternate energy source

is tremendous.

METHODOLOGY

To research the feasibility of OTEC for Hawaii, I conducted personal

interviews, identified books, articles, and reports of major significance,

and analyzed major issues. The results of my research are presented here.

FEASIBILITY FOR HARNESSING THIS POWER

In 1926 an OTEC power plan was built using seawater as the working

fluid, but the system was operated on land. This, if not the first, was

one of the first OTEC power plants. This early OTEC power plant had many

problems and was running at very low efficiency so before long it was

discontinued.'

OTEC is still in the planning and designing stage, but the need for

some new way of harnessing an almost inexhaustible source of power increases

the support of many organizations. Currently, the National Science

Foundation's Division of Research applied to national needs are supporting

projects at eight different locations for over 1.3 million dollars."

One of the major problems is getting a design that will work with a

reasonable level of efficiency. If you compare the efficiency of an OTEC

plant to a conventiona'I coal generation plant, it is clear that the coal

plant operates at a 30K efficiency where the OTEC plan has from a 1 to 3K

'Arthur W. Wagen, Thermal ~Ener From the Sea, Noyes llata Corporation, 1975,
p. 1.
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efficiency. This low efficiency of an OTEC plant is, however, overshadowed

by the free fue'I that it would use. Also, not needing to operate at such

high temperatures and pressures as a high pressure steam boiler, will bring

the operating costs down into competitive ranges with the other systems. The

OTEC systems that have been studied so far have had low efficiency levels,

but more recent designs are proving to be more efficient.

Another consideration is economic feasibility. At this time there are

no real answers because there are no hard facts, only assumptions. There are

also additional problems such as the rezoning of large amounts of coastline

to permit OTEC development and legal problems, including international regu-

lations governing the use of oceans for ocean-based systems.

DESCRIPTION OF YWE OTEC PROCESS

There are two major designs that researchers are working on now: 1!

~o en ~c cle ocean thermal power plant and 2! closed ~c cle ocean thermal power

plant.

First, the open cycle power plant  Figure 1! uses the fact that water

boils at a lower temperature when you decrease the pressure on it. To

achieve this in the system, they use what is called a controlled flash evapo-

ration process. This uses the warm ocean surface water at the temperature

of approximately 25 C. This water enters the evaporation chamber which air

has been removed from causing a partial vacuum. This partial vacuum provides

the lowered pressure needed for the water to boil at the lower temperature.

The steam that is produced passes through pipes into an expansion turbine to

generate electricity and then the steam travels into a condenser cooled by

the cold, deep ocean water which is brought in.'

sArthur W, Hogan, Thermal ~Ewer From the Sea, Noyes Data Corporation, 1975,
p. 4.
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Second, the closed cycle power plan  Figure 2! also uses seawater but

not in the same way as in the open cycle power plant. In a closed cycle

power plant they use either ammonia or propane as working fluid. Instead of

evaporating the water, the warm seawater is passed over high pressure cham-

bers containing the ammonia or propane causing them to evaporate and then

push the generators to create electricity. After pushing the generators the

working fluid passes into condensers using again the deep, cold seawater.

After the working fluid is condensed, it will go back to the beginning of

the system to be used again and again.'

When you compare the c'losed cycle with the open cycle system, you will

find that different OTEC experts have different professional opinions. Some

feel that the open cycle power plant is more efficient and some feel that the

closed cycle power plant is better.

The argument for the open cycle system is as follows. Some experts

predict that the open cycle power plant has the potential to produce 25$ more

power than the other system. The reason for this is that there is possibly a

heat loss from the warm seawater when you transfer the heat to the working

fluid in the closed cycle system. Also, in the closed cycle system, the

component that allows the heat to be exchanged between the seawater and the

working fluid is the single most expensive piece of equipment.'

Closed cycle systems are also likely to have problems with loss or

leakage, the toxic working fluids causing pollution to the ocean.

On the other hand, different experts say that in exchanging the heat

from seawater to working fluid, there will be only little or no heat loss,

Concerning the possibility of leakage of the working fluid into the ocean,

they say that if that ever does happen, the amount of working fluid that is

Arthur M. Hagen, Thermal ~Ener From the Sea, Noyes Data Corporation, lglg,
p. 4.

7Ibid. p. 6.
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used is not enough to affect the marine environment much or at all. As you

can see, the opinions on which system is better are conflicting and will

somehow have to be worked out.'

OTEC AS AN ALTERNATE ENERGY SOURCE FOR HAWAII

The potential for OTEC to become an a'Iternative energy source for Hawaii

is tremendous. When the designers and planners have worked out the problems

that they presently have in developing a system that will work efficiently,

it will be of great importance to Hawaii and possibly our whole country.

Unless unpredicted environmental problems become apparent, the potential

of this system would have several major affects on Hawaii. First, and most

important, Hawaii could possibly become energy self sufficient. Second, not

having to use oil to drive the electrical generators would lead to the reduc-

tion of air pollution. Third, by adding some extra equipment to an OTEC

plant you can also produce hydrogen for a very low price.

To be energy self sufficient means that you don't have to import such

products as oil to drive the electrical generators. Instead, you would use

systems such as OTEC to produce power from the natural resources around us,

namely seawater. In addition to producing electricity by the use of OTEC,

you can also produce great amounts of hydrogen gas and oxygen gas for a very

low cost to be used here in Hawaii and as an export product.'

The possibility for Hawaii to become an exporter of hydrogen is good.

For this to become a reality, this would have to be done: the electricity

which is produced by some of these OTEC p1ants wi1I be used to electrolize

the distilled water produced by an OTEC plant resulting in hydrogen and

T. Lucas, How to Build a Solar Heater, Pasadena, California, World Press,
1975.

'Collection of Reports: Alternate Energy Sources for Hawaii, 1975; Report of
the Task Force on Ocean Thermal Energy Conversion, p. 6-18, appendix G.



oxygen gas. Then the gas can be stored or piped to shore in a reasonable

fashion.

Hawaii is now producing '1,250 megawatts of electrical power. It would

only take slightly more than three 400 megawatt OTEC power plants to equal

the total electrical output of the State. Also, for Hawaii to produce enough

hydrogen to use and export would only take five additional OTEC power plants.

Therefore, it would take approximately eight OTEC power p1ants for Hawaii to

become energy self sufficient. Take those power p'lants and spread them

throughout the island chain and it wouldn't affect the amount of open waters

for transportation or recreation to be a problem,

Hawaii does have very good conditions to support OTEC. The weather is

relatively warm and needless to say there are many si tes which would suit the

needs of OTEC plants.

ENV IRONMENTAL IMPACT

For any type of project that is being proposed, whether on land or in

the ocean, I feel as many other people do, that there should be a great deal

of thought put into the environmental impacts of the proposed development.

In all stages of the development of OTEC, there have been extensive studies

and papers done on the environmental impacts of the systems.

At present there are two major environmental impacts to be considered

and a few other smaller considerations. The first major impact would only

be considered if the OTEC concept was applied on a massive scale. The prob-

lem would be its affect on the ocean's thermal balance. To implement such a

massive use of OTEC that would affect the ocean's thermal balance would be

quite unlikely. If it did happen in such proportions, the resulting cooler

surface waters would absorb more of the solar radiation so the temperature of
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the oceanic surface waters would be affected little or not at all."

The second major possible environmental impact would be the upwelling

of all the deep-sea, cold nutrient-rich water used in the condensers. This

is a problem no matter what the scale of application. The nutrient-rich

water, if exhausted to ocean surface, could produce uncontrolled but possibly

environmentally acceptable biostimulation. Instead of this being an adverse

impact, it could possibly prove to be another advantage of OTEC. If the

cooling waters coming off the condensers are then channeled or piped into an

on-shore lagoon or pond, it would stimulate the photosynthetic process by

providing the necessary nutrients. This might possibly create a good environ-

ment for an aquaculture site. Another less important impact is the possible

affects of leakage of the working fluids from a closed cycle power plant. "

CONCLUS IONS

Ocean thermal conversion is still in the developmental stages, but

already we can see how useful it will be in the future. When the deve'lopers

do find a design that fits all the criteria and put it to use, it will become

even more apparent how important it is.

Right now the whole world is wondering what will happen when we fina'tly

do use up all the fossil fuels. We are supposed to be having an energy crisis

now. This may be true as far as fossil fuels are concerned, but people don' t

realize that there are alternate energy sources. For instance, to have an

idea of how much energy there is available, consider that in fifteen minutes

the earth receives enough solar energy from the sun to equal the amount of

energy used worldwide in the form of fossil fuel and nuclear fuels each day.

"Collection of Reports: Alternate Energy Sources for Hawaii, 1975; Report of
the Task Force on Ocean Thermal Energy Conversion, p. G-10, appendix G.

Ibid. p. G-1]
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Further, in less than four days the earth intercepts the amount of energy

equal to all of the earth's fossil fuel reserves. "

The only problem now is to find a way to tap this immense source of

power. One way that can be applied in the near future is ocean thermal energy

conversion. It is only a start toward tapping the source, but it is a good

one.

Whether or not the energy crisis is real or being staged by the oil

companies and the oil-rich nations isn't the question. What really should be

considered is that sooner or later there will be a real crisis on our hands.

By then, if we do not have an alternate energy source such as OTEC we truly

will be in trouble.

Hagen, p. 15.
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EUREKA! AN ALTERNATE ENERGY DEVICE
by Robert S. Williams, Pahoa High School

Soon we will run out of' petro-

leum When wc do man wi'1 be h>rc

pressed for enery�r. A few, with

forsight, have concentrated their

efforts toward alternate energy

sources. Sooner or later man will

turn to the sea for his need.s.

In this paper, I will ex-

plain a device which u cr w~vc,

wind, «nd t' ie power, ."is d vice

is simpli- and inexpensive, Tt,

proves mach more practical t; n

other plans for wave and tide

ener~ devices. This device

should pr~ve to be o" hereat in-

tere;t to sn� one who is concerned

with thc idea of erecting huge

multi-ri '.''lion doll.r proj «ct: �., now

proposed, and would like to sc-

less cxrensive and smellier, ' c:

obtrusive, energy device.
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INTRODUCTION

The State of Hawaii, and most of the United States, relies on some

form of fossil fuel for their main source of energy. For years the

shortage and the inevitable tot"1 lack of oil and coal has been pressing

on mankind to find ways of harnessing inexaustable energy sources.

Sources such a9 the wind, solar, bioconversion, and ocean waves, currents,

and tides are the main fields of research and developnent. Ha~a.ii is the

most vulnerable of all the fifty states to dislocations in the global

market because of the fact that we are nearly totally dependent on sea-

born petroleum.

Two-thirds oi the earth's surface is covered by water. The land space

is growing short. All of the current developments on harnessing wave

energy are both quite large and extremely expensive. The Issac' s wave

pump is the only simple design for wave energy capture. See Figure l.

STATEMENT QF PRCBLiA

Present tide developments .me expensive and they block 4sys to sea

traffic, unless they use expensive locks. + design is a marriage of

wind, wave and tide power in a simple, inexpensive, and practical

package.

Me have great need for such a design. Harnessing the available

=ea energy and resources may be oui only hope for a world whose demands

increases as the supply decreases.

DISCUSSIQN

For many years, I have been interested in alternate energy. Me all,

at one time or another, have been intri~ued with the idea of 'free energy'



from a windmill or a solar collector. I read many reports about develop-

ments in these fie3ds. Tidal and w-ve ener~ interested me also, because of

the present need for a simple inexpensive way to rapture th; t energy.

I obser red that all the present technology were modification on a, general

Bare system. They would darn a bay and 2 t the rise and fall of the tide

turn the turbines in the dam. This system, as I mentioned before, has

two bad points. It i,. very expensive. For example, the capital costs

for a double-effect tidal power unit in the Bay of Funder wnns 460.1

million. Generally they range anywhere frora $350 million to a high of

$660+ million. The second bad point, is that most sizable bays see

considerable traffic. "ith the darn systems, in some cases also exp~sive

fish ladders must be provided.

The first complaint also applies to present t,ecjinology M the way

of wave energy devices. They e ither take up s, great deal of our shor3.inc~

or they take up a great deal of space at gee. The one excepti~n is the

Issac' s wave pump, which is not very efficient and not worth considering

as an energy source in itself.

I looked at the issac' s wave pump arid noticed similarities in deyign,

but this was in supportive research, and I arrived at my concept independently.

In my energy system, I used a floating housing for the generator, the

shaft of which was geared with two ratcheted gears and anothor connected

to one to reverse the action. Qn the sea bottom I placed a concrete

block and out froid thaty stretching upward, I placed two thin steel

beams. These beams have teeth oui them so as to engage with the gears.

Thus on the upward an . downward motion of the waves and tide, the generator

would float, while the bea~s, beinp stationary, would turn the shaft.



The design is illustrated in Figure 2.

.'i, you cari .ee,;c.i.r 2 reverses the action. Thus generating energy

on. the up and the do.rn:iotions,

ihe float ! oiisiri~ size would be regulated ly the weight of the

generator arid i e«"s, plus the drag of the be~'.s..ilastic could be

used in the gears and float housing to minimize thi.; to an extent.

3n toi of th floab housin� I added. a, w'nd iill of the darrius or

'c:g~i-l.eat,er i tp,.e tn add to the eficiency of ' ' e floe.t, .tany parts,

includ'.ni the b3.~des, could be made of plastic i.;"t . d oi 'lu.iinum to

miriimize we! >,ht arid maintaince cost.

<',arriu,". windmill is a vertical windmill markod by increased

e'='ficienc" over our corivehticinal types. I!o vane is needed and no pc-.r'-o.

to owc.r the windmill shaft. i1ith the added windmill, t.'. .~neaator

unit :oulc. look li'~ g byway . '."' ' = Tra;" both vcrtic,il an. horizontal

energies are captuied. Tnis ty -e of device would be .iuc" jess ex'-;.ive

tfcii ~.iier proj =r s. ' ut as ar as a cost per kilowatt hour, I would not

be able to det'.riiiirie this until such time hat l wou'd . ' le to c '.t i.i

fiuid tc develop a prototype.

CO!JCLuaIGN~ ~i lJ iiZGQhf.~, i ..fl iIiv'

Th-. result o-" ~;,- invention wo ild be unobtr u ive and would have "cry

little environmental impact o' a negative type. It wow,' s �.ve se- tr-..ft'ic

the troubl . of locks and migrating fish the incovience o~ fish ladders ~

~h.~reline imp ct wo ilr' bo low +b» orly c a".-,:o Joe."d be th;it of one cable

leading »p the be;ich.

The result could be cle .n, safe energy. Tl e co t wo rid '. e low,

.;id the iriit, would', be adaptable to altos any size. The local conc|itiors

wo~ld dot. raine the size. t/it! the Trade ~ ind: 'r. J.-:,: ', an almo..t
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constant out,iut from the windmill coul 1 be e".p cted. Pl'zs, most of the

t'..~;e tbe re axe siza~.le st'.Ils on tho open se,a. T,";e ti~-.s "i:-:.. and lor'ez

cons';~lly o.: a'. s predictable rate~ so a. cons"..~n. source ",. >1mi'il''1i

tb ere,

ccmmI ttee on Alt~ ma!,c ~ erg' Scources for >awaii of the State

A<''isory .as' i'oree on nergy .'olicy, recommer>~led, in a 197.' report~

.'. t a modez ..',-. St~t". int,er.:::t in adapti. e '.ecbrology be t;.kcn in wave

anrJ tide energy. Th' same committee pl" c,~'..; .' ', t. r commend" +ion nn the

So it can ' e cle.rl; seen that it ~ s imp;~rativeu:-.e o~ wind energy.

Committee on Alternate Mergy Sources for Hawaii of the S ate
Advisory Task Force on Energy "olicy, Alternate Ener~
Sources for hawaii, Haw.-.ii i~atural Energy Institute. University
oi Hawaii, >'ebruary 1975.

9|5.

;.'ade, Gary. Home rown oner fo~ the Home and Homestead,
Oliver Press, 'rJillits, alifor»ia, 177

38

t jn.', a pr actical sgste' i I e d velu., ed.

conclusi >n, I ~hirk several further su gesti~ns a~' in order.

I s i,",;e t ti«it most of tbe system be m,-.de from pl.=,'tic to re;.:.', co»osion,

an<i be bligh',er in weigh,. I suggest that cn «nchor cord ! added to keao

''..'rom .''lo,~tin�' away durin, .q atom. The toiler fcL- the win@vill sI ould -e

",~de of pla tic and re.nforeed wi-~'. aluminum, and should b made to

collap "e in high w in .- to qvoi~l damage to tE., m«in unit. Thon after a

storm the unit could be reset manually.

Eureka L I can see my device as bein~ a i ractical me,.ns of meeting

hawaii's future energy needs.
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FISHERY CONSERVATION AND MANAGEMENT ACT OF 1976:
PROBLEMS AND IMPLICATIONS

by Randall T. Chen and John K. Ogoshi, McKinley High School

ABSTRACT

This paper explores the implications of the recent establishment of a

200 mij.e Fishery Conservation Zone around the Hawaiian Islands. This is a

result of the Fishery Conservation and. Management, Act of 1976~ which went into

effect on March l> l977. Through research, it was found that Hawaii~s fishery

resources are underutQ,ised. The Act wQ1 allow Hawaii to expand its use of

these resources had acQ3. also give Hawaii a greater supply of resources to draw

upon in the future, The management plans which are a result of the Act limit

the foreign catch of armorheads and alfonsins in the Conservation Zone to

2~000 metric tons and do not allow any foreign harvesting of coral. These

restrictions~ which conserve the resources for future use by the local

industries~ are not expected to cause Hawaii any political diffi,culties. The

only potential source of difficulty at present would be the possible enactment

of a management plan for billfish. This would affect the Japanese tuna catch

within the Conservation Zone and probably lead to protest by Japanese fishing

associations<
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INTRODUCTION

The Fishery Management and Conservation Act of 1976 gives the United

States exclusive management authority over all fishing resources~ with the

exception of highly migratory species~ within 200 nautical miles from the

shoreline. Within this fi:hery conservation zone, the United =tates has the

right to determine the amount of fish that foreign vessels may catch and also

decide what nations may fish in the area, Also regulated under this Act is

the harvesting of various species of coral, crustaceans, mollusks, and sponges

by fores.gn nations.

The Act gives American fishermen first preference in fishing the areas

within the fishery conservation zone. Foreign nations are allowed to catch

orang that portion of the optimum yield of a fishery that is not harvested by

American fishermen,

The optimum yield for each species is determined as part of a fishery

management plan which is drawn up by the Regional Fishery Management Council in

whose area the species is found. In determining the optimum yield~ a number of

economic, social ecological and biological factors are considered, to provide

the greatest overall benefit~ with particular attention to food production and

rscreational opportunities.

Management plans are formulated by each Regional Council for the individual

fish species particular to the region. The United States is divided into eight

Regional Councils~ with Hawaii belonging to the '.western Pacific Council, along

with American Samoa and Guam.

These councils are the basic organization for management and conservation

of America~s fisheries within the 200 mily zone. Aside from developing fishery

management plans~ they must also submit periodic reports to the Secretary of

Commerce and review and revise assessmsnts of optimum yield and allowable



foreign fishing.

The Regional Councils also decide the opening and closing of fishing

seasons~ what grounds can be closed to fishing~ and the type of fishing gear

that can be used. The restrictions on gear can pre~ ent the harvesting of

immature or illegal species through the regulation of net size and the depth

and speed of the tow

The quotas set by the "ct are not expected to limit or reduce the catches

by American ishermen but may Limit the catches made by fore'gn fishermen. It

is left to the Regional Councils to estimate what portion of the harvest -ble

fishing stocks Americans are not using. Thi= surplus is then made available

foreign fishermen, Generally, foreign fishermen will be allowed to catch species

not caught by American fishermen. A result of this is that in Hawaii~ foreign

fishermen will be able to fish for armorheads  Pentaceros richardsoni! and

alfonsins  Berys splendens! up to a quota of 2,000 metric tons since the fishes

are not caught by American fishermen. T"oreign fishermen are restricted from

harvesting precious coral withir the 200 mile zone around Ilawaii since the coral

is of importance to Hawaii's own coral industry,

In addition to adhering to the establi hed quotas~ fore: gn fishermen will

also be required to pay license fees~ and keep detailed records of each use of

their fishing gear -- recording the position, speed, the species caught and

the tonnage of the catch. The foreign vessels must Lso allow boarding by the

U. B. Coast Guard for inspection and enforce..ent of regulations and may also

be required to carrv an American observer on board,

THE LOCAL FISHII'JG IKIJIiSTFY

Commercial fishing in Hawaii is an industry that has not been expLoited

to the fullest, In 1/73~ Hawaii~s landings by weight totalled 7,026 tons,
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placing it twenty-second among the fifty states and twentieth in the value of

its catch  q6,1 million!.

%>st of the commercial fishing is done for tuna. In the fiscal year

ending June 30~ l975, skipjack tuna comprised 10,261,257 pounds and other

species of tuna 1~460~146 pounds~ making up Bl percent of Hawaii's commercial

land,ings,

A large part of the resources that are within the range of part of Hawaii~s

existing high seas tuna fleet are being caught by foreign longline fishermen.

Also, fishery scientists feel that the skipjack tuna resources in the central

Pacific are underuti1ized. At the present time, 350,000 - 400,000 tons of

skip',ack are being caught annually in the Pacific 'nd it, is felt that this

catch can be doubled without overfishing the stocks,

Because of' this~ the future of Hawaii's fishing industry may lie in the

expansion of the existing high seas tuna fleet and the expansion of the

markets serving them, w':;ile at the same time developing new fishing grounds~

such as t,he Leeward Islands of the Hawaiian Archipelego.

The adoption of the 200 mile Fishery Conservation "one will increase the

opportunity for '.Iawaii~s commercial fishermen by extending their fishing area

and preserving future resources. However, the Act is not expected to benefit

tuna fishermen gre.;t1, since tuna is a migratory species and is not regulated

by the Act. !Iawaii tuna fishermen will still have to compete with foreign

fishermen who will not be limited by catch restrictions

FOREIGI< FIBHII.G '.;xi TH»".-ZLI,".:>!JULY;-RIJ-GZIZNT =LA!I I-0":. ~'9 OZ~J',r: -AIw '.LFO.'"INS

The foreign fishing within the conservation zone occurs mainly around the

!:-ancock Seamount, located just inside the 200 mile lir»it northwest of the

Northwestern Hawaiian Islands, Here, foreign fi shermen  the majority from

Japan and Russia! fish for armorheads and alfonsins, which 're not presently



harvested by American fishermen, Armorheads make up over 90 percent of the

foreign trawl catches on the seamount~ with alfonsins being only a small part

of the catch, The fishing by bottom longlining is focused on alfonsins.

The bulk of the Japanese and Russian fishing for armorheads and alfonsins

is Bdne outside the Fishery Conservation Zone around the seamounts northwest

of the Midway Islands,

At a@ one time, about 5-15 Soviet and Japanese stern trawlers fish the

seamounts northwest of I'!idway while about 16 Japanese vessel.s engage in bottom

longlining off 3!idway, The annual combined catch of these 16 Japanese vessels

is estimated at not more than 4~000 metric tons, which consist mostly of alfonsin.

About 500 tons of this catch is caught within the H.S, Fishery Conservation

Zone.

The annual combined catch of tapane. e trawlers fishin--: the seamounts

northwest of Nidway was 19~957 metric tons in 1975, which consisted mostly of

armorheads. About 10 percent of this was caught within the Fishery Conservation

Zone,

The total annual harvest of armorheads and alfonsins  of which the armorheads

comprise over 80 perceht! by Soviet and Japanese vessels from t; e entire seamm.nt

chain is estimated as between 10,000 and. 50,000 metric tons, There are ro

figures as to the amount of this that is caught within the H.ST Conservation

Zone although general estimates of Japanese fishing alone have been given.

The Preliminary Fisher�' !~xnagement I-lan for armorheads and alfonsins limits

the total foreign catch of these fish to 2,000 metric tons periyear in the

Hancock Seamount area Wd other seamounts west of the 1BO degree meridian. I:o

foreign fishing would be allowed elsewhere. The total effert would be limited

to 50 vessel days and vessels would be sub�-'ect to all regulations of the Fishery
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Conservation Act.

The 2~000 metric ton quota is designed to allow potential U.S. fishermen

for armorheads and a3gonsins to undertake future operations in the area under

the best possible circumstances  with stock levels unreduced by foreign competitors!.

If a 10~000 metric ton annual harvest of armorheads could be sustained in the

Hancock Seamount area, it is speculated that an annual catch wor .h y6~000,000

could be taken by U.S. fishermen.

The Act also aU.ows U,S, scientists to study fishery resources in the

Ilorthwestern Hawaiian Islands while they =re in a virgin state since foreign

fishing is limited to the seamount area.

Also, by examining the data from the allowable oreign fishing operations

on the seamount, U.S. scientists would be able to a"se s the fishery stocks

potential~ as well as to keep a record on the amount of the stock being harvested

THL' ~DELI'CK,"ZY' i".K'.D~B:ZIPi ?Ltil' FOP. BILLFISH

'.s of March 9, 1977, the Ãatkbnal iIarine Fisheries Servico was still in the

process of writing up a prelimin-ry fishery management plan for billfish. If

this plan is implemented~ Japanese fishermeh, feel the quota on billfish would,

limit their tuna catch within the conservation sone.

This would occur because billiish is not considered a highly migratory

species 'oy the act and therefore is not exempt from regulation, A quota on

billfish, which is an incidental catch of Japanese fishermen, would then limit

the amount of tuna that could be caught, even though tuna is defined as a

highly migratoxy species and is not regulated by the act.

If the management plan for »illfish does go into effect, it will prob-.bly

result in protest by Japanese fishing associations since approximately 2 percent

of the tuna Japan catches in the ?acific is caught in the 200 mile fishery

conservation sane around Hawaii'



THE HAVIAIIAr. CORAL I!'DUSTHY A~I! ThE PRELZGNARY NANAGEtZNT PLAN FOR CORAL

The Hawaiian coral industry makes use of three difierent kinds of precious

coral - red. or pink coral, gold coral, and bamboo coral. Ano�her type of

coral - black coral, is also harvested but since there is no foreig~ in-

terest in harvesting black coral and since the known beds occur primarily

within the territorial sea, this type will not be considered.

Six beds of pink, gold, and bamboo coral .iave been located wit,hin the Ha-

waiian Archipelago. Of these six, only the bed off .'iakapuu, Oahu has been

extensively surveyed and it supports the only existing commercial fishery,

Ofher unexplored banks in the Hawaiian Archipelago are thought to support

precious coral st,ocks.

Xn 1975, at least, 500 people were employed in various stages of the pro-

duction of coral jewelry. In that year, the gross retail sales of' the Hawai-

ian coral industry were about +ll ;.illion, which is an increase of three over

the retail sales of 19' 2. This is partly due to the develonment of Hawaii's

own coral resources � which make the local industry less dependent on foreign

sources of supply.

To continue to grow and prosper, the local industry must have access t,o

a reliable and controllable supply of raw material. The coral bed at liakapuu

is thought to be just a fraction of the commercially productive coral re-

sources of the Hawaiian Archipelago.

The preliminar� fishery mana;;ement plan ."or Hawaiian corals preser:e

these resources by prohibiting the ioreign harvest of precious corals from any

bed in the 200 mile conservat.ion zone. Foreign vessels will be allowed to har-

vest coral only when the bed has been surveyed and scientifically assessed,

and the s.~~s 'ield that will be a;ailable has been determined.
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ZCRErGN SeV~TrNG 0~ CO,"XL

Although at the present, there is no documented foreign harvesting of
precious coral within Hawaii <s 200 mile conservation zone, Soviet and Japanese

trawlers may be indirectly harvesting coral and damaging coral beds in their
fishing for bottom fishes - arrrorheads and alfonsins. Yhe effects of this on

the domestic co"al fishery are unknown and bein~ stu]ied as pa t of the re-

. earch being done on the commercial harvesting of coral.

LA':.' ZI. ORCEK.'.lT BY LOC.'.L COAST GUAVA

of I'Iarch 1, 1977, the United States Coast Guard and the Fational Marine

J' i sher ies Service are in char ge of enf ore ing law in over 2. 5 mil 1 ion square

miles of coastal waters off the United States, Because of this vast amount

of space to patrol and only a limited number o aircraft and ships to patrol it

with~ the Hawaiian Coast Guard. is concentrating its main efforts to patrol

"active fishing areas" and only randomly spot-checking the less fished areas,

ln order to accomodate the patrolling of the newly acquired area the

United States Coast Guard. is reactivating three old Coast Guard cutters and

retaining a fourth on active duty, even though it was scheduled to be

decommissioned, Also reactivated. are four retired Defense Department planes

and the last five spare short-rm-:e helicopters have been put into service

The Coast Guard department in charge of law enforcement in Hawaiian waters

consists of three C-130 planes~ two high-endurance cutters~ two b~ey tenders

and. three patrol boats, Areas are patrolled randomly approximately three times

per' moahh. However this figure wi11 increase when more fishing boats arrive.

All foreign fishing vessels are required to possess a fishing permit for

a specific area in which to fish. As of this wr-'ting only two Japanese

vessels and two Russian vessels have applied "or a permit. Since the total
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amount of fish allocated to foreign fishermen is 2,000 metric tons, each ship

has been allowed to fish for twenty-five vessel days or to .c tch 500 metric

tons of fish~ whichever comes first,

U. S. observers must be -:Dowed to board any foreign vessel to assure

that rules and regulations are being complied with. The observers are trained

to be able to judge the amount of fish that are being taken. They report any

violations they may suspect, Violations of the law includes fishing without a

permit, harvesting more fish than permitted, fishing for to many days and fish-

ing in areas other than the area designated by the permit, Ileasures of

enforcement range fram issuing of citations for minor crimes to seizure cf the

vessel for major violations,

Lieuten-nt Scott L. Anderson of the Coast Guard feels that there are

few problems concerning the law in Hawaii, Bo far all foreign fish'n�-

operations have been following procedures and very few have been seen in

local waters

CQI P LUS ION

Research revealed that Hawaii's fishery resources are presenting under-

utilized and that there are many opportunities f' or he expansion of ilawaii~s

fishing and related operations,

.he establishment of the Fishery Conservation 7one gives the local fishing

and coral industries ~meat potential for further development. The enactment of

the I'.anagement Act has created the possibili.ty of local fishing for pelagic

armorheads and alfonsins~ which are presently not harvested by American fisher-

men. The coral industry vill also benefit by the restrictions on foreign coral

harvesting within the conservation zone. The potential supply o coral;~ithin

the zone will enable the local industry to remain indenendent of foreign sources,

The Preliminary Fishery Yenagement rlan for armorheads and alfonsins  which
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make up the bulk of foreign catches within Hawaii~a 200 mile conservation

sons! limits foreign harvesting of these fish to a total of 2,000 metric

tons. While this is below the current catch of Japanese fishing vessels alone,

the <!uota is not expected to cause any political problems, The only source

of difficulty at present is the proposed Fishery Ywnagement Flan for Billfish

lf put into effect, the plan would limit Japanese tuna fishing operations

within the fishery sone, and probably result in protest fram Japanese fishing

associations,

The passing of the Conservation Act will be very -eneficial to the 3tate

of Hawaii' The Act will conserve Ilawaii~s fishery r'esources by protecting

them from over-exploitat,ion and also provides Hawaii with the opportunity to

further develop its maritime industries,
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SHARK FISHERIES: A NEW HAWAIIAN INDUSTRY?
by Heidi K. Ranta, Kalaheo High School

Sharks have ingabited oceans of the world for over 250 million years,

Man remembers them mostly as dangers of the deep. The facts are that more

people die as a result of mosquito bites than' from shark attacks. Because
of these myths, though, sharks are left to 31ve out their lives with little

oppasition ~m man.

Over 250 species of sharks are known to man. They inhabit almast aU.

aceans and seas of the world. Yet, very little is knawn about their lives

or how they survive, Sharks have no bones in their bodies, only a stiff

cartiledge , Organs are loosely fixed and a shark could literally beat

himself ta death. Strong jaws and a thick stomach allow him to digest

almost anything.

As a commercial product, the shark is valuable. Every part of his

body' can serve a purpose for man. Sharkskin could be used as a tough leather

in making shoes, belts or the handle to suitcases, Teeth and Jaws are valuable

in the tourist industry, they are used for making pendants, earings, and

other Jewelry as well as being souveniers, Fins have long been used in

Japan far making shark-fin soup. The shark-liver is an excellent source of

Vitamin A and oil which can be used for lubrication. Steaks can be had

from the shark flesh and are eaten fresh, smoked or dry-salted, British

fishmd chips are aften made of one species of shark sold under the name

af flack or rock salmon. Left over entrails can be used as bait for other

sharks.

Cemmercially, sharks can be caught in numbers by using a lonI-line

method. This consists of steel cables with haaks along the ocean bottom,

at the surface or hanging perpendicularly in the water, One-eighth inch
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SHARK SPECIES IN HAWAIIAN WATERS

r Shark

The Nako, Tiger and/or Hanunerhead Sharks, as well

as other species of shark found in Hawaiian ~aters could

create a new industry for Hawaii. Shark Fisheries based

in Honolulu would supply jobs, anew food source and other

products to Haw'aii's economy.

i   i

ad Shark
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USES FOR THE SHARK

Ai fins for soup
Bs liver-oil k Vitamin A source
C| Steaks, edible
Dg Jaws and Teeth, tourist industry
Ei Entrails, shark bait
F< Sharkskin, leather



steel cable is used and 14/0 mustad hooks, as many as one hundred or more

at a time for each line.

Bait, for catching sharks is easy to acquire. Aku has been known to

work best, but this can be expensive. Shark entrails or meat comes next in

line for effective bait. ZEl or miscellaneous fish may also be used, how-

ever shark is the most economical.

world hunger and a food shortage is bein; preached throughout the world

today. Fishermen could pessibly be able to provide more food without the

shark as a constant competitor. Sharks are present in our waters and could

not easily be eliminated. At present only about 0.5 percent of the world'8

cormercial fisheries catch consist of shark. A solution is to use the shark

as a natural resource and supplement to the world's food supply. Shark «eat

is considered one of the best cuts of fish by some, and methods of prepara-

tion are numerous.

To begin shark fisheries in Hawaii would provide many new fobs, This

would aid unemployment problems and create an expanding business. Fishermen

would be needed to catch sharks and bring them in to dock, there, more jobs

could be created in processing and packaging plants, The tourist industry

would also benefit from a shark fishery with teeth, jaws and shark fishing

charters, Every part of the shark can be utilised in some way to make

this a profitable industry.

As a supplement to Hawaii's food supply, the shark need not be imported

and therefore prices for shark products would be reasonable. The best shark

fishing areas are in southern Oahu, so the industry could easily be based

in Honolulu where sales, processing and profits would remain in Hawaii.

Sharks have inhabited our oceans for centuries. They have been feared

and worshipped in Hawaii. lf shark fisheries were established in Hawaii,

man could benefit greatly from their present competitor - the shark.
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THE DOLPHINS ARE !N DANGER BECAUSE OF PURSE SEINING IN THE PACIFIC
by Kathy D. Neill, Aiea High School

In the 15 years that tuna fishermen have been purse seining, hundreds

of thousands of dolphins have been slaughtex'ed. Although the National Marine

Fishexies Service tried to prevent the killing of dolphins, their efforts

toward this end have been fairly unsuccessful. The tuna fishermen do not

deliberately kill these dolphins, yet the slaughter continues.

Several factors are responsible. The yellowfin tuna, well liked by

fishermen because of its light color and a non-oily taste, associate with

the dolphins. Scientists have been pondering the question as to why dolphins

and yellowfin associate for years. Some possibilities as to why yellowfin

swim with dolphins are that yellowfin may like the protection of the

dolphins from sharks. Also tuna tend to group near dolphins because of

the dolphin's perfect sense of direction, and they can orient themselves

even on the surface.

The first dolphin is known scientifically as ~nel hinus ~del his, hut has

the common names of crisscross, while-belly and common dolphin. "Delphinus

is gregarious and sometimes appears in vast herds that churn the water from

horizon." The common dolphin is either black or brown in color. The animal's

belly is white and has bands of gray, yellow and white on its side.

spinner dolphin got its name from its habit of leaping and spinning in the

air. Scientists don't know whether it is a sign of exuberance, amorous

demonstration or a distress signal. No other dolphin that is in the wild

does this, though bottlenose dolphins can be trained to do it for show.

Reiger, George; Audubon Jan '75, pp 3-27
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The Stenslla praffmani or spotted dolphin ie the last dolphin most

commonly seen in the tuna fishermen's nets. Because of the dolphin's spots,

its nickname is spotted dolphin.

Another factor responsible for the death of dolphins is purse

seining, a technique used by fishermen for 15 years. The fishermen set

an enormous net, which is three quarters of a mile long in length and 250

feet deep, around. a school of yellowfin and dolphins. Then the fishermen

close the net at the bottom with a "purse line". The catch is then hauled

near the boat.

After the dolphins are caught in the net, some of them will swim wildly

around, then the dolphins group together in one corner of the net making

strange noises. Some scientist describe this noise as singing. Many of the

dolphins panic and dive underwater, then become tangled in the meshing and

drown before they can be released. Other dolphins will go into shock from

fright.

Even after the dolphins get moved out of the net, they are still in

danger. Hundreds fall prey to the sharks who patrol the net's perimeter.

1f the dolphins escapes entirely, the animal sometimes will leap compulsively

and wierdly across the surface of the water for miles. Their family units

are shattered after they are caught and released; the shock effect is

still unknown.

In the last 20 years, tuna fishermen have slaughtered hundreds of

thousands of dolphins. As many as 600 dolphins are killed per set of the

net, some hauls have killed a 1000 animals. Tuna fishermen of all nations

may have killed 78,000 dolphins in l976, over the 66,000 limit. The

National Marine Fisheries Service set as a maximum for 1977 at 33,000

dolphins for United. States' tuna fishermen.
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On. October 21, 1972, the United States Congress enacted a law to

become effective in December 1972. The law forbids capturing or importing

marine mamma1s into the United States. The law prohibits importing products

made from any part of a marine mammaIs It also authorized a research program

to study ways and means of reducing the number of dolphins killed by

expeditions. A special permit is needed for very limited importation.

One of the controversial exceptions allowed by the law was a two year

waiver for the fishing industry, especially good for tuna fisherman. During

that period, fishermen were allowed to continue killing dolphins. This was

subject to certain regulations requiring fishing techniques that were least

hazardous.

One proposed regulation for the law was that United States canners

would not be allowed to buy tuna from foreign sources unless the tuna catch

is certified as to have been made under the same laws as the United States

fishermen follow.

Jack B. Lindsey, president of a tuna canner company asks, "Who could

tell whether tuna caught by one fisherman transfered to a mother ship from

another country, and finally sold to a United States processor, were caught

according to our regulation' ?"
2-

In a ruling by a Washington  D.C.! Federal Court, October 21, 1976,

United States fishermen could not kill any more dolphins in 1976, and the

Commerce Department set a limit of 30,000 for 1977. On March 8, 1977, the

United States Circuit Court of Appeals allowed fishermen to purse sein

again and set a limit of 59,050 deaths for 1977, "incidental porpoise kill"

2. Business Week, "The Crisis in Tuna Fishing", November 15, 1976
3. Honolulu Advertiser, "Tuna Netting Permitted, March 8, 1977, D-1
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There are ways to prevent dolphins from being killed. One idea was to

reduce the fishing nets from a 4 inch mesh to a 14 inch mesh. On the top

72 feet of the net, nylon lips or chutes are sewn on. A crew member on a

rubber raft would guide trapped dolphins out of the nets. The only danger

of this plan is that if sharks are in the net, it can be dangerous for

the crew member.

Another method, called "backing down" , is where half of the net is

hoisted. aboard. The tuna is in the front of the net and the dolphins are

in the rear. The ship then reverses its engines to cause the far end of

the net to sink. The dolphins can escape, but so can the yellowfin. If

crew ~rs are near the area where the dolphins escape with cane poles,

they can catch all the yellowfin that escape.

Therefore, I feel Congress in this Session should make the maximum

limit of killing dolphins zero. In l972, along with the law, Congress did

provide funds to help research for better techniques of tuna catching. In

the Hawaiian Islands, tuna fishermen use other methods to catch aku and

ahi. Thus use bait fish, especially nehu, but. are faced with two problems.

The supply of bait fish is limited and it is not as profitable as purse

seining. There are research efforts underway in Hawaii to develop an

acceptable bait fish for the Hawaiian fishermen, even though such techniques

of fishing is not as profitable as netting. The Pacific tuna fleets should

follow Hawaii's good example.

The dolphin population may become lower and lower if we do not stop

fishermen from killing 66,000 dolphins a year. There are no legitimate

reasons, I feel, why such numbers of dolphins are killed. Tuna fishermen

should learn ways to avoid such death if utilizing purse seining or be

4. Cousteau, Jacques, Dolphin, p.224
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outlawed from doing it.

The United States has asked Japanese and Russian whalers, to stop

the slaughter of the whale. The United States should also set a good

example by outlawing the killing of dolphins, and take the lead in

providing effective alternatives to the needless slaughter of dolphins.
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OUR NEW 200 MILE LIMIT
by Lee E. Tasaki, Kailua High School

On February 22, 1977 the new 200 zaile limit was sit, The reason was

so that we could control fishing in these areas, This new gona includes

the countries of kaerica, Canada, Britain, Mexico, Chile, Norway, Brag!.1,

the Soviet Union and dosens more. We the United States are trying tc end

the ruthless competition which is threatening to turn our ocean into an

aquatic wasteland, Sometime this yeaz the European Common Market is ax-

paced to adopt similar limits.

This does present a problem on being able to awatch 2,5 million square

md.les of open ocean. Inside this gone, the United States Reserves wiU.

have tha right to decide who fishes where, how, and of what species.

Foreign fighermen will be able to fish in our ~stars, but they will have

to purchase licenses and follow very strict American rules.

Since the early 1960's, large trawlers from Japan, Russia, Foland,

East Germany, South Korea, Spain and other nations have come to cur coast

lines to fish, The East Coast is probably' hit the hardest, they figure

somewhere fz'om 800 to 900 fishing vassals came there each year.

Soma of their big vessels are larger than football fields and carry

a crew of 100 man. They locate first electronically and then move like

sweepers, clearing everythin in the nets path.

A single set of nets may take more fish than an average Aaerican

vessel does in a year. Most of the Aaerican fisherman today still fish

with hooks, trap or hand line from small boats and with a crew of three

tc four men, Landings of Pacific Ocean perch on the Oregon coast average

about 15 million pounds per year. Three years later when the Japanese

and Soviet trawlars came around the kaerican landings were down to 1

million pounds'



In 1961, Iew Inglandars took 742 nd.llion pounds of good fish tree the

Seorges Bands of Cape Ccd. Ten years later another +0 million pounds.

lt is said that Atlantic haddock and halibut stocks have gone down 10

percent of their foraer yields.

From 1970-1974 the Japanese catch ger 15 percent, Soviet Union 27

percent, and South Korea 145 percent. haericans, who a decade ago imported

one quarter of their commercial fish are ncw illporting more than three

quarters of their needs.

This is not only an Aaerican problea. ks nations have depleted the

ocean's resources, hostile encounters have been brought on. Last year>

the British fought a six-month 'cod wax' with Iceland, Iorwegions have

fired upon Soviet ships, in Java fistfights and boat burnings have broken

out between traditional, sail-powered fishermen and owners of motorised

vessels,

The trouble is, fish are in short supp'. The worM catch is about

70 million metric tons. Ixperts say that the ocean can sustain a yeiM

of no more than 61 million metric tons.

Inside the United State's 200 mile fisheries conservation sone, the

fish are ours, This enables us to maintain a rate of how maqy fish are

and < ~n be taken each year. This new law does invite outsider's to continue

to P sh these waters but it will never be the same. Regional councils

vill decide when open and closed fishing seasons will be what fishing

grounds should. be c1osed to fishf<admen and what kird of' gear they may u"<.,

This of couse will reduce quotas on all foreign fishermen, There

will be some fish that will not be open for foreign vessels like herring,

halibut, salmon and crab, This also may bring back soae of our old,

forgotten fisheries into business.
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INHERENT PROBLENS OF MARICULTURE
by Mare M. Nishimoto, Lahaina1una High School

«Zf there are many types of operations to correct a defect, then none of

the operations have proven to be effective. "

This marie has poven to be true in such operations as the arms talks, the

criminal !Istioe,systae, etc.. he in the attempt to meet world hunger, it is

also, unfortunately, true.

However, with the rising of the new culture industry, mariculture~ the

possibility of ending hunger world-wide has an extremely positive outlook. And

not ozQy solving one prollsm but also producing benefits and advantages such

as tax revenues, employment, etc. ~

Unfortunatelgi this program is not as flawless as it might seem. There hhs

been some problem within present systems of mariuulture, both biological and

monetary. Ia my paper~ l will try to point out the significance of these pro-

blems which have caused a setback to ~or operations of maricu3.ture.
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«ihgrtMag our contemporaries can do on the surface, the mermen of tamor-

row will do under the sea.«This quote by Jacques Cousteau axempU.fies the fun-

damental philosophy of mariculturists %hat the industries af the future will be

oceanic rather than land-based.

But before the development of such large-scale operations of mariculture

can be regarded as feasible, inherent problems must be alleviated.

In current mariculture programs, problems of funding and food supply have

stifled large scale operations of culturing. Twa such programs, green turtle

and pink shrimp fazvdag, have encountered such proplems, If these problems can

be solved with reasonable amounts of time, Nygey, and devotion by mariculturistsp

the gains of this new industry would be more than rewarding.

Hawaii~ the ~ oceanic state~ could become the mar5.culture capital of the

world and cauld resp the gains steming fran this new industry, However, there

are problems that need to be dealt with before this indust~ can be established.

This paper will discuss twa inherent problems in mariculture and examples of

each In the case of green turtle farming~ the problem has been a biological one.

Let"s investigate the preseet system and the prablea it faces.

The prominence of green turtle farming first occurred in mid-1972 in the

Qgyeum Islands. In that year, Hariculture Lhd.ted~ which founded the farms~ in-

troduced its products into the Caiman markets. Every part of the turtle is used

as a product. The turtle was processed into a variety of products including cali-

pee, steaks~ calipash, be~ shell flippers for the soup trade, fat for the cos-

metic trade, liver for sausage, affal for cattle feed~ polished shells, scutes~

and leaths' items for the taurist trade The eagerness with whihh the products1

were purchased thereafter established a goad business for Dr. Robert Schroeder

Reiger~ George, 'Green Turtle Far~y A Growing Debate'~ Sea Frontiers, 21 h!:
222, J~ August 1975m
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and his wife, who together founded the turtle farm, Since then, other turtle

farms have been established through financing from Mariculture Ltd., with bene-

ficial resultsi Heaver, the turtle farms have not beem withput problemsg

Margr experimentations on the formula for turtle food were conducted, The

first formula was a feed also used for catfish, After a period of two years,

this formula was discarded for a more specialized formula, which is mostly com-

prised of fish feed. The formula for this feed was obtained fran an amino-acid

analysis of different ajUsuLls. At the present time, they are fed a varied dietf

with a special soybean derivative pellet, which is placed directly to the hold-

ing pens of the turtles,

But again~ problems arose from the formula and thefeeding. The unconsumed

feed~ which was flushed into the sea outside of the farm canplex, has caused a

biological unbalance. The unbalance has caused an overabundance in algae growth

which~ although is more suited for fishlife, had a detrimental effect on the co-

ral life.

As in any new operations undertaken~ problems will arise. Fortunately, the

problems that are $aced in the turtle farms are rather easily remedied. One way

to alleviate the problem of the unconsumed pellets is to introdece a bobtam

feeder into the turtle tanks to consume the untouched pelltes, By introducing a

bott' feeder~ the problem of the effluent would probably be remedied~ and also'

the bottom feeder might be, in turn, used as a possible culture specie, 3ut, then

again, this is a hyputhetical situation and not one which has been proven to work,

However~ there is a way that has been proven, or rather inferred~ to world This

solution~ under whihh is currently used in an ~e/oyster farm, has promising

effects. The method has as its prhaary camponents seawater and raw sewage. Let

us investigate the mechanics of this method.

At Woods HolesOceanographic Institution~ the first algae/oyster farm, it has
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been proven that sewage can be diluted and reuse in different ways, including

an environment in which algae can grow. Present+~ algae is being grown in sewage

which will be used later as a feed for the oysters In stimulating growth of al

gas, mariculturists ars able to produce tvo advantagesg first, the pollutants

in the sewage are consumed, and seccmQy, the algae is used as feed for other ma-

riculture species, Let us investigate the first advantage,

Obtaixdrig reer sewage is no problem, but the treatment of it is a rather dif-

ficult task. First, the sewage has to go through two treatments to reduce the

quanti,ty of the toxic materials in the sewage and let z'emain only inorganiv pol-

lutants, such as phosphate and nitxogen ccepounds. Than, seavatex is added to the

effluent which remains to stimulate growth of algae. After the algae starts ta

develop, it begins to reduce the inorganic materials. The result is cleansed eater

axid algae~ vhich is the primaxy food for the oyster culture at Woods Hole.

Therefore, it has been shown that mariculturishs benefit from the treatment

Qf sewage in that it is a nev source of food for the 'farms' ~ In retrospect, if!

has been shown that algae will grow M sea vater and diluted sewage. But what

would happen if the diluted sewage was to be m~i with the nutrient rich efflu-

ent, stmmdng fry the turtle faxma7 I think it is obvious that this process, if

it is put into effect~ vill alleviate two probleasy the rdduction of sewage and

the elimination of the nutrient-rich effluent of the txxrtle farms

In the second advantage of growing algae in sewage, the benefit is a direct

result of the first advantage. The effluent that is used for the feed of oysters

is also the primary feed for a number of other maricultured species, One such

specie which lives on algae is the pink shrinxp~ "Penaeus duorarum" ~ The algae

would prove to be an ample food supp+ for the shrimp, This path wiU. be inves-

tigated later. FLrst experitwMatjons with pink shrimp farming vere conducted

in 1963 when a University of Miami student successful3g raised a few pink shrimps
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free egg through the fisst ten stages of ~ which are considered the moet deli-

cate and difficult periods for raising shrimps. Since those first experiments,

the progression of ehHmp farming has accelerated and it has introduced a new way

to supp+ the demand of a well known product,

The potential gain from a larg~cale shrimp fam is enormous. In 1972, the

U.S. had to import appmxdmately 575.6 miD5.on kilograms of head~ff shrimps to

sustain the 4emaad for shrimp, even though he U.S. harvests that year were approx-

imate1y 549 million kilogrems of shrimp. The hnportation of fo~ goods shows

that the present domestic harvests c~ot meet the deaand of the public, Clear+,

a large-scale shrimp farm operation would make the potential monetary gains over-

shadow the difficulties of the mechanics involved, But again, fust as the turtle

farms, problane axose with shrimp fanning The ~or problems were financial ex-

penses The two main items which contributed to this problem were the difficulty

of obtaining viable shrimp eggs and the cost of food for the shximp,

Mariculturiets at the Turkey Point Shrimp farm had to call commercial fish-

ermen to see whether they had caught any gravid~ or egg-bearing~ shrimp, If they

had~ chartered boats fram the farm. would have to go out end collect these shrimps.

However~ these chartered boats cost fram $200 to $400 a night, end it takes seve-

ral. nights to harvest the shrimp, Accumulation of such costs could prove to be

a disastrous setback if the farm doesn't live up to its expectations.

Another item which contributes to thefinancial woes is that the cost of

feed for the larvae stages is increasing The primary formula used to feed the

larvae costs about $4 per kilogram. The cost of the least expebsive feed doubled

between the years of 1969 to 1974.

Problans such ae these hEve stifled a large-scale culture operation. If

such an operation, a highly inclusive one, was to be put into effect~ the demands

of the consumex' would probably be mit.
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discussed so far has been the problees which exists~ or have existed,

within two present systaes of mariculture, The problems which have been solved

have contributed to the progress of mariculture, Those problems which have not

yet been solved could prove to be a barrier of great significance to the future

of mariculture~ particular3g hare in Hawaii.

TakuJi FuJimura~ developer and yha$zman of the State's Anuenue Fisheries

Station~ stated~ sthe biggest problem in moving faster in aquaculture simply is

money'. Here in Hawaii, a comprehensive mariculture progeam could become one

of the state~s msJor and most beneficial industkees. But because it is located

in the middle of the Pacific Ocean~ Hawaii faces different problems than those

existing in current programs. But these new peoblme could be easily remedied

through state and federal funding and support Although Hawaii has received one

of the largest grants from Sea Grant~ the federal funding has leveled off during

the past three yeax's, This causes a real problem brause of the lack of growth

potential~ and the cost-of-livang must be absorbed,3

Hawaii could become the mariculture capital of the world because it has all

of the natural resources needed to start a larg~cale program, However~ as pre-

viously stated~ there are two maJor problems within present systems of maricultmte

that have stifled initial work in America and here in Hawaii.

There are initial ~tial indications that these dual problems of obtaining

suitable food and properly disposing of waate materials cekld be solved by using

waste to stimulate the growth of algae, Me need to develop programs ta test these

processes, Funds are needed to begin such programs, yet aH.ocations of federal

funds cannot meet the need of starting a mariculture pxogram in Hawaii. Caamercial

Altonn~ Helen, 'Big Hopes~ Limited Funds'~ Honolulu Star-Bulletin, February 22,
1977, Progress Section 1-Land~ p.16

Altonn, Helen, 'Isle Aquculture Potential ?Seen', HonolulumAdvertiser, June10,
1976~ H-1
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concerns aeneas to be unwilling or unable to develop a large-scale solution to

the problem,

Clear+, this infant industry is having problems growing up, However, if

this infant doesn't develop, the world wi33, lose an individual that could con-

tribute to the solutions of its probleas.
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TILAPIA: POTENTIAL AQUACULTURE CROP FOR HAWAII
by Tina L. Daehler and Laura L. King, Kapaa High School

ABSTRACT

In this paper we will explore the characteristics of the

J'ava tilapia  ~Tila ia mossambica! . It is a universal source of'

food for man~ and many growing "wild" i5 our reservoirs and else-

where should be considered for another aquaculture crop for

Hawaii, We will also discuss how tilapia have been cultured in

various countries, and the possibility of polyculturing it

with eel  g~~~ ~
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INTRO UCTION

Since recorded history began, tilapia have been an impor-

tant source of food for man. As far back as 2,500 B.C,, tilapia

were harvested and. may have been cultured, according to an Egyp-

tian tomb frieze. In the Bible, the fish that Christ fed the mul-

titudes were, in fact, tilapia. Up to the present, tilapia have

been an important source of protein in Southeast Asia, the Near

East, and in Africa.

In Hawaii, as well as the rest of the United States, this

fish is looked down upon as "that ugly fish in the muddy water".

This "ugly fish in the muddy water" deserves more of a chance to

prove itself.

According to Kauai's Marine Advisor, tilapia are an impor-

tant food resource. It has more protein than beef, pork, or lamb

with less fat. Tilapia contain an abundace of vitamin A, B com-

plex, and minera.ls. Tilapia would be an excellent fish for cul-

turing because of its hardiness, ease of breeding, rapid growth,

and high quality flesh. In addition to this, tilapia adapt easily

to various water conditions, and they accept many types of diets.

Tilapia's qualities enable rt to occupy almost any setting,

including our markets, if only we would let them. The question

now stands asI Is it a worthwhile effort to develop this type

of aquaculture in Hawaii' ?



TILAPIA IN HAWAII

Twenty-four years ago, Java tilapia  Tila ia mossambica!

were brought to Hawaii by the Territorial Division of Fish and

Game. The tilayia were to be used in clearing the aquatic vege-

tation in canals, for food as game fish, and possibly for tuna

bait. Today all the "wild" tilapia found in reservoirs and else-

where can be traced back to these fifteen imported survivors'

By investigating the "tried" methods of spawning, growth rate,

solutions of overpopulation, harvesting, and marketing, it is

obvious that Hawaii is a practical kingdom for tilapia.

S PAWNING

Spawning in tilapia, not like most other fish cultures, is

very easy and presents no problem. This allows tilapia farmers

to farm without learning extensive skills or technological

know-how.

Tilapia are mouth-breeders. The male scoops out a small

hole on the pond floer with his mouth. A receptive female lays

seventy-five to two-hundred eggs there. After fertilization by

the male, the female incubates the eggs in her mouth for three

weeks. The eggs hatch at three to five days. The fry can re-

main in the mouth of the parents for safety. This results in

a high survival rate.

2
The ideal setting for spawning ~ould be in a pond of 1.000 m

Tilapia spawn in warm water, on a loose, sandy bottom. The pond

should contain twenty-five to thirty females and half as many

males.

Tilapia breed every three to six weeks in warm water. In

Hawaii spawning would continue throughout the whole year> since
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there is no abrupt decrease in temperature,  En cooler parts of

the world, tilapia have a nonreproductive period of about two

months.!

Tilapia prosper anywhere from fresh water to sea water.

Java tilapia are able to survive and spawn in water of 3 ' 5g

salinity.  Average salinity for sea water is 3.5$.!

Spawning frequently is one of the factors which determine

the growth of tilapia.

GROWTH OF THE YOUNG

Like spawning, stocking methods and food supply also deter-

mine the growth of tilapia.

Stockin S stems

There are two types of stocking systems~ Nonoculture and

polyculture.

Nonoculture is the less popular of the two and is practiced,

on a small scale, in rice fields in Southeast Asia. These stock-

ing rates were 220 to 180 fingerlings/ha.

The normal" figure for' tilapia production in a monoculture

pond is $00 kg/ha in the tropics and decreases with colder clim-

ates. However, the production can yield 2000 to 2500 kg/ha with

fertilization and/or supplementary feeding. In subsistence cul-

ture, a smaller production output is more beneficial to the cul-

turist because there is less competition for food and space,i.e.,

tilapia ~c n be farmed uo to 18,000 kg/ha, but there would be an

overabundance of fish too small ta be of importance.

Polyculture of tilapia can be split up into two basic partsI

a! increasing production of each fish used

b! increasing production of tilapia only
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An example of increasing the production of each fish in use,

is a commercial pand polyculture in Uganda. Ther' ~Tile ia mossam-

bica and common carp yielded total production higher than can be

achieved by monoculturing either fish.

At Auburn University, Alabama, experimental cultures with

Til~i~i nilotica �500/ha! and channel catfish �500/ha! yield-

ed a better total production than oduld if each were monocultur-

ed ~ H.W. Swingle from that University, suggested that this takes
* * I *f'  lt 1 IL t

conceivably acting as a predator on the tilapia fry. Although

considerable consumption of tilapia fry by catfish was not ob-

served, the tilapia made use of not only plankton, but wastes

and excess feeds meant for the catfi.sh. Also, production of cat-

fish was extensively increased.,

En Camaroon, the other tyye of polyculture was carried out.

~Til ~i ~niloti. a and Heterotis niloticas and Hemichr ernie fas-

ciatus were farmed in both subsistence and commercial pond cul-

tures. The results were good. production and effective population

control of tilapia.

Another took place in j;ndia. Tilapia was cultured with milk-

fish and catla in very fertile pond.s. Although the milkfish and

catla were practically wiped out, the tilapia production was goad.

Pood supply, the other factor in growth, is no problem for

tilapia. Tilepia accept many types of diets' They benefit from

algae, plankton, insects, table scraps, flour, rotten fruit,
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coffee pulp, and in some cases, will accept animal feed ~ An il-

lustration of how adaptable tilapia are to different types of

food is in the Congo. Ntill sweepings were thrown into tilapia

ponds. This resulted in production much above the normal for that

area.

In a study at Auburn University with Java tilapia, it was

found that they grow best when fed food amounting to 3$ their

body weight per day>

Pond fertilization is very important in a plankton-feeding

species. As with supplementary feeding, much more research has to

be done in this area. Again, at Auburn University, studies were

carried out with Java tilapia, involving the use of phosphates

 which is the best group of fertilizers for inciting phytoplank-

to production!. A series of experiments using 8-8-2  N-P-K! fer-

tilization, 0-8-2  N-P-K! fertilization, or no fertilization at

all, showed that fertilizers definitely increased tilapia produc-

tion. It was also discovered that the 0-8-2  N-P-K! mixture

was more effective than the mixture containing nitrogen com-

pounds.

In Southeast Asia~ sewage is used. for fertilization of til-

apia. Also, the chemistry of the water and soil must be taken

into account before fertilization. But again more research must

be made.

POPULATION CGNTROL

The biggest problem in tilapia culturing is that of over-

population which can cause stunting. It has been found that

environmental factors dominate genetic factors in sire determin-

ation.
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There are three ways to overcome this problem>

a! separation of parents and young

b! monosex culture

c! control by predators

Se aration of Parents and Youn

There are two ways to separate parents from their young.

One is to net out the adults after spawning, leaving the fry

behind. The captured adults are put in another pond to spawn

again, But this practice is not feasible because the breeding
cucles of each adult don't happen simutaneously.

The more practical way of separating the young has been

accomplished in Indon&sia. A drainable spawning pond is set
above the fry pond, After the eggs hatch, the adults are dis-
turbed so they' ll release the larvae. Then the larvae are

drained into the fry pond.  The fry mature at 2-g months and

can then spawn.!

Monosex Culture

A more commonly used method is the monosex culture. By

individually sorting out stock, the sexes are separated. This
is a hectic way of overcoming the overpopulation problem. One

female mistakenly let into a pond of males can ruin all the eff-
ort involved. So, another method of monosex culture is hybrid-
ization. Attempts at crossing various species of tilapia have

proven successful. Three groups of crossbreedings have produc-
ed 100/a male offspring. But males have one disadvantage~ they
continually dig spawning nests which can eventually ruin the bank

of the pond.
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A lot of technical management is needed with government

concern, rather than small farmers lacking time and the tech-

nological know-how needed.

Control b Predators

The last method of overpopula.tion control is that of add-

ing predators to the tilapia ponds. The predators eat the ex-

cess tilapia, decreasing the stunting rate of the tilapia.

This is carried out in Africa. and Southeast Asia, with catfish

of the genus Clarias. Also eels  An uilla 'a onica!, large-

mouth bass  Micro terus salmoides!, ans carnivorous sichilds

such as Serranochormis robuotus and Hemichromis spp. are used.

As of March 10, 1977, a propsal has been passed through

the State House to experiment with eels in aquaculture, since

there is a big demand for eels in Japanese and. European mar-

kets. One of the arguments against the bill was by Domocrat

Jack Larsen, D-8th Dist., "Once let loose in our fresh water

streams they will compete directly with prawns and other ani-

mals that need our limited freshwater source," Democrat Kawa-

kami replied that as far as he knows "it is virtually imposs-

ible for the eels to spawn in fresh water." Whether in fresh

or brackish water eels would act as one of the predators for

controlling overpopulation of tilapia. At the same time it

would be a polyculture producing both eel and tilapia for human

consumption. With this predator control there would be less

stunting and more growth. In fact under very favorable condi-

tions a single Java tilapia csn reach a weight of 8/0 grams

in one year. It may be noted also that males grow two to three

Gregg K. Kakesako, "Eel Bill Squirms Past House", Honolulu
Star-Bulletin  March 11, 1977!, p. A-16.

Ibid., p. A-16.



times faster than females.

HARVESTING AND MARKETING

When the desired weight is reached harvesting is perform-

ed, either by seining or pond draining. If part of the crop is

to be left back, electrofishigis best because it doesn't cause

damage to them.

After harvesting tilapia can can be sold fresh, iced, or

frozen, Tilapia too small for marketing can be used as bait,

livestock feed, or feed for other fish cultures, such as trout

or eels.

CONCLUSION

Because of the excellent qualities of the tilapia, we feel

that Hawaii should. take advantage of them and develop tilapia

into a ma.jor market product.

In researching this topic, we have found that there are

only two real problems in farming tilapia in Hawaii.

Due to the tilapia's efficiency in spawning, the pond can

become overcrowded, causing stunted fish. Other countries have

farmed tilapia and eel together and have overcome this problem.

Since there is a proposal to experiment with eel as an aquacul-

ture crop, and there is a big demand for eel in Japan and Europe,

why not farm tilapia and eel as a polycuiture?

The other problem is itS reputation. Although tilapia is

a gourmet food in places like Pakistan and parts of Thailand,

people in Hawaii are not that eager to try it. Tilapia actual-

ly has a high quality flesh, plus an abundance of protein.

The tilapia found in Hawaii is the Java tilapia  ~Tila ia
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mossambica!, and is the most adaptable and most commonly con-

sumed species in the world.

What are we waiting for?
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AQUACULTURE IN HAWAII: METHODS AND PROBLEMS
by Carol S. Okirnoto, University Laboratory High School

ABSTRACT

Aquaculture can play a major role in supporting Hawaii's

economy. It will generate more jobs and use less land than sugar

cultivation and will potentially yield more money per acre. Five

major management systems fax' aquaculture in Hawaii are compared

with static pond cultuxe emerging as the most promising. Suitable

environmental characteristics for aquaculture are considered.

Water pollution and diseases are discussed as potential threats.

Ongoing scientific research in aquaculture is' ehown to be indis-

pensable and the compatability of aquaculture with other shoreline

activities is considered.
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In this paper I vill discuss the feaeability of large-scale

aquaculture as an important economic activity for Havaii. I vill

look at management systems, environmental needs, hazards in pro-

duction and competition for use of the shoreline and land.

The research for this paper included y peeaohal interview,

exdmination of important reporte, articles and books. The discu88

sion which follows analysks important issues and raises important

questions about aquaculture for Hawaii..

A U CULTURE IN HAVAIIi

METHODS AND PROBLEMS

Historical records show that the Japanese and Chinese cul-

tured fish as far back as 4>000 years ago. In ancient times trav-

elers who vent to the Far East returned. and taught the Romans hov

to raise carp. Recently archeologi,sts in Greece dug up a book on

the culture of carp written in 460 B,CD Wealthy class of people



had ponds long ago and used them for both growing and storing fish.

Records dating back 600 years show that, the government of Java

passed laws setting up severe penalties for anyone caught stealing

fish frem ponds. And as far back as 500 years ago carp culture

was common throughout Europe.l

For more than 800 years, Hawaii has had some form of fish-

farming. An art practised by ancient Hawaiians in more than 350
ponds throughout the islands.> Today only 141 ponds can definately

located. The remains of these old ponds structures revealed that

the ancient Hawaiian people achieved some degree of sophistication.

They built stonewalls around mouths of natural inlets, and diverted
streams to trap the fish, it guaranteeing a constant supply of .

f ood ~

Modern aquaculture in Hawaii is less than 15 years old. At

the present moment, 16 aquaculture farms exist throughout the

islands ~ About 20 ancient Hawaiian fishponds are currently being

used, 18 for home use and 2 for commercial purposes.>
Before considering major production, there are benefit and

limitation factors to consider. The establishment of an aquacul-

ture in Hawaii will play a major role in supporting the State

economy. It will increase sources of tax revenues to the State

such as real property taxes from more productive valuable land,

general excise taxes from sales of products and income taxes from
workers and owners. These vital sources will be essential to
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broaden our tax base and put less pressure and demand on agricul-

ture, tourism and military. It will create new jobs for Havaii's

skilled and semi-skilled people, thus reducing unemployment. This

industry vill generate about one job and one and a half indirect

jobs per ten acres of pondland vhile our present papaya industry

employs only one worker per 25 acres. Sugarcane currently employs

one worker per 22 acres in production. For instance, one acre of

pravns can yield $10,000 income per year while one acre of sugar-

cane yields only $1,500 income per year. If $4,000,000,000 income-

per year of sugar were to be made, 240,000 acres vould be used

while on the same bases using pravns, only 24,000 acres of land

will be used. Xt will also fulfill the State's desire for a

greater independance from mainland and foreign imports, particu-

larly food products. "Approximately 80 percent of all goods and

services purchased in Hawaii are shipped into the State.+ Aqua-

culture vill also provide vorldwide export to developing countries

where aquatic food products would act as a lov-cost food protein,

Price fluctuation due to variable supply and demand however�may

limit aquaculture production. Variable demand for the fish pro-

duced is equally important. The method of production may also

affect consumer acceptance.6

Nost aquaculture production in the world makes use of one of

five management systems depending on the physical geographical

features of the area. location, and the intensity of culture.
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These five systems are briefly described herei

Ranch Culture In this system animals under culture browse or

forage for natural food in large natural water embayments or shel~

tered coves. A good example is salmon culture. The young salmon

feed, grow and mature in the ocean. Then they migrate back up

their "parent stream" to spawn. They are then removed for spawning

stock. Hawaii has virtually no area where this system of manage-

ment could be applied.

Static Pond Culture In this system stock are confined to man-

made earthen or concrete ponds, The size of the pond vary from

1-2,500 acres. The most widely used size production ponds rances

from 40-150 acres depending on the intensity of farming. Small

ponds present fewer problems in managing, harvesttnp, and treaOkug

disease and parasites. Beoause the water area is greater in a

large pond, the wind is able to make waves resulting in fewer oxy-

gen problems. This advantage in turn is off set by the serious

problem of dam or levee erosion, This basic system with its vari~

ous modifications is probably the system most prevailent in the

world today. Hawaii has numerous examples of this type of farming

technique and is likely that more operations will come about in

the immediate future.

Racewa Culture In this system high stock densities in an

area is permitted because of a large volume of water flowing natu-

rally or is pumped continuously and is passed through the enclo-

sure.
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Two kinds of raceways are used based on how the ~ater is circu-

lated ~ Raceways in which water enters at one end and is disposed

of at the end is known as the "open" raceway. The water is not

used again. Hawaii has one commercial operation in the develop-

ment stage. In general, this type of aquaculture seems applicable

ta Hawaii. because land cost for large operations are high and

water in certain areas is plentiful. Raceways in which the water

enters at one end and is removed at the other end, filtered of its

wastes, aerated and used again are "closed" raceways. Raceways are

only feasible if large quantities of cheap high quality water is

available for the "open" system or if the water can be removed and

waste effectively removed for a "closed" system. The present level

of technology is inadequate to produce a healthy crop at a commer-

cially profitable levels Labor requirments for the recirculating

system are high and costly due to the need for continuing mainte-

nance and observation.

Ca e and Basket Culture In this system the stock is confined

in wire mesh or net cages suspended or supported  on rafts! in

large bodies of water. Predatation can be controlled but products

are easily stolen by poachers ~ This technology is applicable to

certain ponds and embayments in Hawaii where pollution and problems

do not exist or can be controlled.

Closed Densit Culture In ehi.s system the stock is confined

in a "container" through which a continuously recycled flow af
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water is passed. This highly sophisticated type of management is

environmentally controlled  oxygen and temperature is constant all

year around using modern techniques!. This high density culture

requires very skilled and knowledgeable management. This techno~

logy seems applicable to Hawaii in view of small land requirement

of the system.

Suitable environmental characteri.sties are essential for a

healthy production and profitable farming. Available resources

should be abundant if the aquaculture industry is to prosper to

its maximum. Hawaii's most available physical resources is its

warm temperature clean ocean water. However, Hawaii's most valu+

able resource because of its limited avai,lability-- is land. This

situation prevails largely for several reasons. One of them is the

land ownership pattern in Hawaii. Ownership of land is highly con-

centrated. The State, County and Federal governments together con-

trol about 48 percent of the total land area. About four-fifths

of there public lands consti.tutes the bulk of forest reserves.

About 25 percent of these lands are under leases, principally for

agriculture purposes. Private ownership of land �2 percent of the
total area! are also highly concentrated. Ninety percent of this

private land belongs to fewer than 40 owners, each with 5,000 acres
or more, Agriculture is the primary user of land in Hawai.i. Almost

three-fourths of the total land area is used for forestry and

grazing and for plantation, and to a small extent, diversified

crops.8
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Palis and barren lands, that is lands incapable of use

incapable of use because of steepness or lack of productive capa-

city, occupy about l2 percent of the total area.9

Water for aquafarming can be obtained from several sources.

City water , surface run-off, wells, springs and industrial thermal

wastes. Under proper conditions, each may be suitable for use.

Rainfall which does not soak into the earth i.s know as run-off.

Surface run-off may include water taken by streams, reservoirs as

well as surplus rai.nfall from around the immediate area which

may rundirectly into the pond. Run-off may be an economic source

of water for culture. One of the most serious problems in using

the run-off is that it may pick up harmful residues and aquatic

pests. Run-of f from nearby f armlands may carry pest ic ide residues

and poison harmful to the f ish.

Some industrial plants may release waste water which are most

of the time safe for culture use. Such wat'ers has usually been

warmed several degrees thus influences the rate of metabolism and

resulting in rapid growth af the animals The mai.n problems with

water management are related to oxygen depletion and water poilu

tion. Oxygen depletion may cause death of all the fi.shes in a

pond in a matter of hours. Fishes that do not die of oxygen deple-

tion will eventually die of bacterial infections or diseases which

become more susceptable under stress' Oxygen problems are also

indirectly related to weather conditions.
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Cloudy weather with very little wind may cause the supply of oxy-

gen in the water to become low.

The most common source of water pollution comes from city

sewage. The pollutants not only stunt the growth but kills the

numerous forms of life that lives in the water. They absorb oxy-

gen from the water, killing the fishes by suffocation. Other pol-

lution substances destroy plant life and without jt, all life must

come to an end. Mercury can be extremely harmful' Contained in

industrial ~astes, it is absorbed by the fish, When these contam-

inated fish are consumed by humans in great quantities, it may

cause severe illness. Another form of industrial pollution is

thermal pollution, Electrical power plants use billions of gallons

of water to cool their turbines. The water becomes heated and when

it flows back into the streams, it raises the temperature. It

kills many fish which cannot adjust to the sudden increase in

temperature. Another form of water pollution comes from pesticides

and insecticides. These are used by dirt farmers to kill weeds,

rodents, insects and lice. These chemicals find their way into the

waters, contaminating them. They may be blown there by the winds

or carried by run-offs from farmland into streams or directly into

nearby culture ponds'

In open aquaculture systems which use natural later, there is

a constant danger of aquatic predatatosa. An example of this sit-

uation in Hawaii is the problem of saltwater fishpond operators

h~v~ with barracuda.
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"Trash" fish can also be a nuisance. They compete with the fishes

for oxygen, space and feed.

Fish much as other animals are susceptable to certain diseases

and parasites. In culture, the higP population density tends to

magnify some of the problems such as the incidence and spread of

disease and parasites. Such outbreaks may be the result of inap-.

propriate management procedures. which in turn causes environmental

stress on the stock. which in turn makes the animals susceptible to

contact disease.

Nariculture in Hawaii would be a little more complicated

because of the uncontrolled environment, Such operations would

conflict with the recreation users and the esthetics of the ocean

front. Recreational use in heavy in Hawaii and priiaarily oriented

toward boating, .sPort fishing and surfing. Hawaii in comparison to

Sarah's embankments .are quite the opposite. Recreational boating,

sporting fishing and,surfing are almost non-existent in Japan and

marine aquaculture has been a major production for a long time. If

we were to expand our use of marine coastal areas for aquaculture

to the extent that Japan has, it will create a serious conflict with

the recreational users. I would think that only a national food

crisis could force us into that position.

Here in Hawaii people place an extremely high value on our

coastal zones. People who own shoreline property regard their

unobstructed view as assets and can become powerful force if
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their view is obstructed. Commercial floating farms  cage and b&8

basket culture! is a type of management that will conflict with

shoreline residents.>O

Large-scale aquaculture should be encouraged in Hawaii. The

problems with aquaculture today may seem infinite but are no greater

than those faced by farraers with agriculture.

Scientific research projects in Hawaii are investigating tech-

niques in spawning, rearing, food requirements. and many other fac-

tors related to culture of aquatic animals. Research will bring

out the "best" results for mass production and minimize the prob-

lems�.
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A }UACULTURE 50
by Lisa A. DeLong, Kalaheo High School

As the earth's population increases, available farm land decreases.

With more and more people looking towards the sea for an occupation, the

ocean's resources will soon become drained. Seafood is rapidly growing in

popularity. Housewives no longer caxry the dread of scaling and cleaning

fish. They buy it frozen, packed, and prepared for cooking. Refrigerated

trucks and railroad freight cars can transport sea products thousands

of miles inland. Doctors recommend fish for every diet. 'Ihey are rich in

minerals, vitamins, and proteins, and contain ingredients that fight

bacteria and viruses. With their haphazard fishing techniques, fishermen

have no way of knowing whether the daily catch will meet its quota.

Fishexmen also face problems involving government restrictions and pol-

lution. As a solution to the food shortage on both land and in the

ocean, consider aquaculture: the cultivation of both plant and animal

life in water from its earliest stages until full grown, harvested and

sold in the market.

Sea Farmers are faced with many problems in their search for the

least expensive yet most qualitative product. Real estate developers

reclaim much land from the seacoast and build factories, houses and

recreation fields. In doing so they eliminate marshlands and estuaries

which could become rich nursery grounds for many species of plants and

animals. Other problems that confront the sea farmer include weather

conditions, preditoxs like sharks, loss of feed to othex' fish, and lack of

control of waste. Always in offshore waters is the question of owner-

ship of crop. three main illnesses affect fish: parasites, natural and

man made pollutants, and improper feeding. A good farmer keeps his

water clean by changing it at frequent intervals and never overfeeding.

99



Parasites flourish in filthy water. Older fish are often often removed

because of their susceptibility to disease.

Scientific research in genetics has enabled sea farmers to breed

larger, faster growing, more meat producing and disease resistant plants

and animals. By studying mating, spawning and hatching of eggs scientists

have succeeded in breeding f'ish with desirable characteristics. As this

type of research continues aquaculture will become less of a gamble as an

occupation.

The State Agricultural Department has approved of four loans for

aquaculture enterprises under a loan program established in 1971 by the

legislature. Reports on their farms follow. Taylor Pryor expects much

success from his Kahuku Seafood Plantation. As a farmer grows hay for

cattle, Pryor produces plankton for shellfish. His oysters can be harvest-

ed at seven months, where as a calf takes two years. This sea farmer

claims that he wi11 soon be making $200,000 for each monthly harvest of

250,000 oysters. A group of scientists formerly associated with Pryor

plan to raise oysters and prawns on a faxm in Hakipuu, 0'ahu. Ed Otsuju

is in the process of raising prawns in Hauula. Kenneth Kato has received

funds to raise prawns, catfish, and carp in farms on Maui and 0'ahu.

An aquaculture consultant to the State Department of Planning and

Economic Development; Robert Schesser told Congress during testimony in

July that aquaculture could be Hawaii's "fourth industry" because of its

warm waters. Schesser is working in contract with DPED drafting a master-

plan for Hawaii's future in aquaculture. The field will add jobs and mil-

lions of dollars to Hawaii's economy.
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MAKING AQUACULTURE WORK PROBLEMS AND BENEFITS
by John E. Sisson, Punahou Academy

hMTRACT

Aquaculture is s. field which has a tremendous potential for growth.

Although there are many problems in developing this resources from land

and water use, to types of fish need.id for oDh4>9~ to pollution and river

control. There still is sufficient reasons. for Hawaii to exploit its aqua-

cultural potential, The reward for investing energy im this resources is

the strong and. real possibility that Hawaii can become protein sufficient

and thus less dependent on imports, Hawaii's future depsnd.s on her ability

to have this self-sufficiency.
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A sapor step in man's civ1lisation was that of the develo~nt of

agriculture. The difference between the energy expended hunting for food

and the cultivation of foood was enough for man to lay the first foundations

of complex society. As Hawaii becomes, as it already hss started, a complex

state with a population of up to a million people, the same sort of

advancement must take place 1n food production. Hswai1 must stop the random

hunting of fhsh and start the cultivation of them in order for Hawaii to

achieve its full potential, Because, without this controlled use of f1sb,

Hawaii can never approach the self-sufficiency it ~uires as an island.

state. To fully exploit the benefits of aquaculture and fish culture, we

aust exam1ne the problems and advantages the establishment of aquaculture

will have here.

The main point of aquaculture , or in this case fish culture, is to

maximise the +suable product you can get from the available energy and.

materials. To do this most effectivly you have to control the full life

cycle of the fish. You want to exercise this control f' or two reasonsi one,

to minimise losses from predators, disease, and starvationy and two' to

make capture and. use of the fish simple. To exercise this control you have

to deal with the ma!or problems of feeding, breeding and control of the

fish's environment.
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First, before we leal with the variables like fish type and. breed.ing,

we must deal with the basics that must be met to set up any fish farm.

urgent need of the fish farm is lani.Strangely enough .one
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Because it is tbe fact that the farm is on the lard which allows the neared,

control of the lif~ycle af the fish. The lani must be relatively flat

for large area ponds, which are necessary for effective prod.uction. The

land. must also be close to ruuLs or some form af txansportation, because

fish production is useless unless there is a way to get the fish to people.

The sapor pjroblem is that where there are large land areas, there is often

no saurce of ~ective transportation ar water.

Mater, obviously is the most impc~t thing to have far a fish farm.

This means not only water for the fish Co swim in but also flowing,oxygenated

water to remove wastes and. provide the fish «ith oxygen. This flowing

water, need noC only come from a river. As long as Chere is enough flow

any source can be used, inclml5,ng tides, as in bracM.sh pond, culture, and,

pumps. The volume of the water flow is very impoztmrt because it determines

directly the mise of your fish ponds. This means that if there is not enough

volume of flow no matter how big or carefully you make your ponds, yau can

only support a fixed. number of fish,

These basics in themselves are hawk far Hawaii to solve because the

two things that Hawaii lachI are land ani large amounts af fresh water,

But there is a solution, and that is bmckish pand. culture which requires

much less fresh water and. is usually situated. as much as passible slightly

aff-shore in swampy land.. This means that no one is downstream of Che farms

getting polluted, «ster and very little "usuable land," is laches up in fish

production. Also, river d.elta land. in Hawaii is seldom in demand to begin

with. The only problem with this system is that it depends on both river



and tidal flow which means that when you feed the fish some of the food. is

lost along with the wastes washed out. This cuts down on your production

eff iciency',

Once we have the land and. water problems solved we stQ.l have to find

fish that wi11 live in the environment we have set up and. fulfill the

necessary criteria for a successful brackish water aqmcultural project.

One major criteria of the fish is that it must be efficient, In order

for a farm tb be successful you must get maximum growth on your crop within

the fi~st y'ear or you Mll not be able to attract private investment and

compete as Nell «ith other forms of foe& production. Along with a fast

growth rate, the tish must be able to live in your environment, it must be

able to eat the available foad, grow, md. breed in your brack5.sh water

envtronment, Some fish that fit these requirements have already been

found as a result of aquacultural research in Thailand since 1959. Some

 Broussonet!, the N~kFish  Chance chance-Forskal!, and the Sea Bass

 Lates calcarif er!,

One other criteria in selecting fish is to try to have fish that use

a, variety of food levels and sources. This means, if possible, to have

fish that use different levels of the food chain in the same pond, Suoh

as~ surface feeders eating phmts on the surface, producing excrement

which fertilises the water and the bottom, This fertilised water produces

planktonic food. which supports mid-water plankton feeders, whose excrement

fertilises the bottom along with the surface feeder's to suppaet the bottom

feeders who help to process the excrement and help provide nutrients for the

plants  fig. 1!. By using this method you can have a self-cleaning system

as we].1 as one which by producing on all levels can yield over 10,000 lb/acre,
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One ether thing to consid.m when establishing fish farms is that fish

are more sensitive to pollutants than almost any other animal, This means

along with a good, supply of oxygenate& water, the water must also be pollutant

free. Zn Hawaii there are three ma!or kinds af pollutants that coaM effect

aquaculture. The most important of these is pesticides. Fish have such a

sensitivity to them that as little as 1,5 parts per million of something

such as MT «ill cause death in 96 hours. And there are at least 50

insecticides and herbicides that effect fish, some in quanities as little

as six parts in ten billion! Hawaii being strongly agricultmal means

that there is probab+ pesticid.es 1n aH. major streams,

Two other m,!or pollutants that might effect aquaculture are d.etergents

arxt. suspended matter. A detergent concentration of more than 3,1 parts per

million is fatal to all fish an& the concentration can easily reach that at

the mouth of a river where the fish farms would be. Along with detergents

as a problem, there is the one of suspended. matter in the water, Suspended

mattex is small particles U.ke silt or fine d.irt which cut down the ability

of plants to grow by cutting out sunlit, Xt also clogs fishs' gills

so they can not breathe, Suspen&ed matter collects at the mouthed' of
rivers and is the result of erosion af soi1 an& run~ from cultivated. land.

To allow any fish farms to exist at the mouths' of rivers we must

establish some sort of river management. Otherwise these pollutants plus

others like metal salts, cyanides, and. heavy metals will slow down or atop

production and. poison the crop of fish.

Fish, because of the fact they are co&-blooded, are very sensitive to

any change in their environment especially in earlier life. This means

that no%only water and, oxygen are taken into account when planning a fish

farm, but also things like parasites, bacteria, pH, CO2, an& temperature
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must be planned into your 1rkal structure of the farm, For example, when

breeding fish the eggs must be kept in a well oxygenated, warm area, But

the same conditions that help the eggs to hatch, also promote bacteria

to grow on the eggs, often in a thick "soup" which weakens many of the eggs.'

Antibiotics must be ad.d,ed to prevent this "soup" from farming, yet gust a

little too much and you Rill the larval fish, thus very strict control

must be practised. Other conditions are also critical, such as the pH must

remain between 5.5 and 9 and the tempeea.ture must never go above 35 C,0

aquaculture is a lot more than just throwing fish in a pond and. then harvesting

them a year latex.

Besides solving al,l these problems of conditions, there is one more

major one that will have to be solved., the creation of a market for these

fish. Tastes have to be changed so that there is a deaa4P and a possibilgty

for pjrofit, Private ind.ustry must get interested, and this can only be

~omni,shed throught the use of subsidies and, incentives by the state.

Because, as I said, all aquaculture farms d,eveloped will be useless unless

there exists people who want to as/ will market and. eat the products.

There are many problems that must be solved but there are also at

least three major advantages it would have for the state, One is, right

now the state ia limited by what it can catch and. import fox its seafood.

If Hawaii has the capacity to be protein sufficient throught ~mculture,

it «ill have the choices to control ite growth instead of being limited by

the non-controlable circ tances of' fishing and. mainland production. Hawaii

tries to grow all its own vegetables, so it isn' t, as dependent on the main-

Shouldn't Hawaii try to be pjrotein suffient also?

aquaculture is also more ecologically sound than fishing because it

uses over-all much less resources. Less equipment and. much lhasa fuel are
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used compared to chasing after fish. Acd with oil orisons and other

shortages y l e ms is better, Th i s a l so red,uces depend,ency on the mainlami,

knL finally it is very good for the economic growth of the state.

We use local labor and don't send aoney out of state for imports. To have

more «oney Rept in the state promotes economic growth in all areas of the

state and that is very good for Hawaii. Hawaii needs to be less dependent

on outside samrces for its foad. and economic growth. Plus we are using

the resources af Hawaii for a change. Hawaii has some af the best area of

any of the states for a large aquacultural p~grea. Me should and must use

that capability,

There are many problems to solve to make aquaculture work in this

state. Problems involving land., mater, pollution, and the biology of fish

have to be solved to make aquaculture a reality, But the benefits of

increased self-sufficiency, economic growth, and conservation af resources

can not be overlooked either. Hawaii has as many or more possibilities

as any state and I feel that the best way to take advantage of these

possibilities is to use Hawaii's resources for aquaculture. I feel by taking

that step from hunting to farming, we «ill do more than gust add a new food

source, we will make this a better state for the future.

108



Axdiwinata, R.O., Pemelihaxaan Taxes, Bandung-'.s-Gravenhage, Penerbitan
Vorkink-van, 1 1,

Bardach, Dr. John, Lecture, Nov, 1,2,13, 1976, notes!

, Directorate of Fisheries, Vest Pakistan,

Fisheries in Thailand, issued by Department of Fisheries, Ninistry of
Agriculture, Bangkok, Thailand,, Sept. i/61.

Jones, J,R, Krichsen, Fish and R ver ollution, Lend,on, Butterworth and Co.,
Ltd,, 1964 ~

Lewis j Wi 1 1 iara Ã, ~ $b,intai Fi shee f or Ex rimental and Instructi ona1
Puujioses, Carcondale, Southern Illinois University Press, 1 3.

Loftas, Tony, The last Resources Nan's loitation of the Oceans, Chicago,
Henry Regnery Company, 1970,

NcKee, Alexander, Farmin the Sea, New York, Thomas Y, Crowell Company, 1969.

Ong, Kee Bian, Fish Culture, Borneo Literature Bureau, Asiatic Lithographic
Printing Press, Ltd., Hong Kong, 1968.

l09



Fig



AQUACULTURE'S PROGRESSION: RESEARCH
by Holly C. Yamane, University Laboratory High School

At the moment, Hawaii's economy is supported by three

major industries: Tourism, federal expenditures and agricul-

ture. Hut if, for the future, we wish to create new and

different Jobs, economic diversification for Hawaii needs to

be obtained.

Aquaculture is not yet one of those buisnesses helping

to support our economy, but it is growing: and~when fulLy

developed, could become our fourth .'.n~ ~. tr�. his is wher e

research corn~~ '~. ~ order fox an industry to grow and

progress, to where it could be one with economic impact, you
need to have the key,to having a productive industry, which

is research+

Research can tell us hew aquaculture can develop its

potentials and technologies to where we~d have an industry
that is not only producing more with less, but one ~Rich

would also be a sound investment ~



INTR OGUCT ION:

Aquaculture, when fully developed, could supply the needs

of' s. sizable area, of the ~tete's market for aquatic foods as

well as proride worldwide export products, such as prawns and

oyiters for Jayaoi kq%@emiture could also help us to obtain

greasier iedopendeaOe fran Mainland and foreign food iImport

px'obaoht. Al,l this o.a iLNppen through research,

Reieagoh in aguaoulture is of two main sections. Researoh

of pfo4olAkon toohnologtea, as well as research of the species

thoseekreo ~ Th&e two Ieotions are both quite inter-related as

they both can have eff'cote on eaoh other, which in turn can

affect your production rates' This is because certain charac~

teristics of a species do determine what environment it is

best raised in and it~s up to research to take advantage of

these factors and use thee 4o their fullest potentials'

In this paper, I rQl be focusing Iiainly on the pr ogress-

ion of our aquooulture research ae4ivibies and how it has

helped our industry to grow.
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Hesear ch: Pro ess ion

There are several ma!or organizations which are carrying
out aquaculture research;

Stat ~ Government: Department of Land and Natural Resources
University of Hawaii

Hawaii Institute of Marine Biology
College of Tropical Agriculture

Private Non-profit: The Oceanic Institute

The Division of Fish and Game of the Department of Land

and Natural Hesources have sci~ntists who ere in~-olved in re-

search activities of' aquacultu-0 oooparatively with other

State agencies and pr ovate indivjduals at many s ites around the

State, but the greatest effort has taken place at the Anuenue

Fisheries Research Center. Division scientists have focused

their attention on INinly determining the aquacultur ~ potential

of the Malaysian pre@ Nod the oyster ~

The particular species bei~ invest,ugated as well as the

way research is approached is diffea'ent for each of the four

ma!or organizations.

The Hawaii Institut ~ of Marine 8iology has evaluated many

local species of shellfish and fish to determine their aquacul

ture potentialsy but due to problems with nutrition, many of

these candidates were dicarded. However the HIMB's program has

been made over in order to concentrate its research efforts

and development resources, on three species which show high
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comeraial promise as aquaculture species:the malaysian prawn>

the topminnow   a tuna 4.itfish !, and the moi.

The Oceanic Institute~ '<ho had been focusing its research

efforts on developing the aquaculture potentials of the mullet,

has widened its program to apply to other species the techniques.

developed in its mullet program.

The Anuenue Fishex ies Research Center of the t!epartment of

Land and Natural Resources, had also bean concentrating its

affox'ts on only on species-the Malaysian ~rawn. Rut thoughit>s

still focusing on cost-redaction in its Malaysian. prawn-reak-

ing system, they have expanded its research efforts in cooper-

ation with the TTniversity , to attempt to solve the problem of'

ax tificially spawning catfis'h and grass carp in Hawaii.

Lookihg at Table I can give you a look at the curx'ent

standings of our aquaculture reseax'ch activities progress'

These critical research areas are all very important, as they

are necessary fox the progx ession in the cultivation of a spe»

ciao The summations aN the bottom, show the degree of progress

in each area, and although the areas are all listed separately

in the table, they are actually , in practice, highly inter-re-

lated

The area in which the greatest progress has been made is

the spewning of animals in captivity. This is because of the

sucsss wegva gotten in having prawns, moi, and topminnows
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spaw~ naturally in artificial enclosures, and inducing mullet

to spawn with hormone injections ~ Rut in trying to arficially

spawn moi with hormone injections, we were only partially

suoessful:some eggs were produced and a few individuals were

raided from eggs to the juvenile stage. A significant discover-

y was made when it was found that ~of would spawn spontaneously

while being hald in suspended net anclousars. Tha f'artilizecl

e~~s could simply ba har vastad by filtering the enclosed saa

water.

The next most advanced area is tha growout experiments

with juveniles ~ There was some sucoss with moi and mullet,

but with the mullet ther was a lack of consistent results~

such as high survival and rapid growth rates. However, a good

reproducible aud economically feasible methodology for the

Malaysian prawn~s growout phase, which is from the small juveniles

to market-size prawns, has ba~ n developed,as wa can see from

the small yet visible commercial prawn industry that has devel-

oped here in Hawaii.

Nutrition, food requirements and faad formulations, is an

area which has gotten a great deal of attention in tha past,

and is the next most advanced area of' research. Nutrition can

have effects on the economy of aauaculture in several ways:one

way is that an animal which is in nutritionally poor condition,

oan be more vulnerable if a change inth= water quality was to
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occur, than a well-fed, nutritionally healthy animal. In keeping

the animals healthy, you'd be ablee to protect against product

ion loses. The impz'ovements of natural and artificial feeds

could also increa.se and enhance the commercial yeilds, as a

high-quality diet could give you more rapid growth zates.

Peed costs can also be a limitinp factor in the economic suc-

cess of meat-eating aquaculture species, for it can make up

half of the total cost of producing a crop. Therefore the need

for in:~xpensive feed formulationsis claer.As with the Nelay-

sian prawn, in efforts to increa,o~ production rates, while at

the same time reducing operating costs, research efforts

~ d t o the f ormulat i ons and testing of an inexpens ive prawn

feed which was also practible for a full-scale commezcial prawn

op erat ion.

Our next most advanced areas of z'eseaz'ch az'e larval rear-

Ing, facilities engineering and production economics and marke0-

ing. Some of the primary aquaculture spec ies in Hawaii, such as

the marine species  moi, mullet,and milkfish! don't have consis

tent supplies of !uveniles available for stocking puz poses due

to variations In larval suvival. Rut there are well defined and

reproducible .,erin~ techniques for the prawns «nd topminnbws,

the other primary aquaculture species.Six years of reseazch

efforts, by the Oept~ of Land and Natural Resources, has resulted

in the develop ment of a practical mass reaz ing technique for the
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giant freshwater prawn, and its current inventory stock oan

adequetely fulfill the needs of a commercial operation of any

sise in Hawaii+ Facilities engineering y production economics

and marketinp, studies don~t have very high levels of progress

as they are quite recent as compared to the other areas. Product-

ion economic studies are particulary limited because the neces-

sary research data such as costs of food,Juveniles,growout, etc,,

are not available from the other research areas yet. Rut a com-

prehensive larval rearing-cost evaluation made from the PF 1966
69 period showed that the cost of producing prawns af 8mm aver-

age length, was about $6.63 per thousand  fixed costs, such as

ammortisation of capital outlay, taxes, etc.,not included !.

Labor accounted for about 77' of the total cost, clearing indi-

catinp that the reducing of labor costs wo»ld blinds -bc it p

me 'or low,rinv of production costs.. During FY 1'..~-70, attempts

to y'educ c lshux' Out 1 m wer e made bp us in@ much le r per lay vc 1

rearing tanks �&,~>7 ins" .ad of' tb", ~08 to 1, 11~. liter taahs

used in FYl968-69! ~ Although> with the larger tanks prblems

such as water quality managment and temperature and sunlight

control did occur, the total cost of producing 1,000 !uvenile

prawns was reduced to 41 ~ 93. Narketing studies for various aquatic
products could be, but not have been, carried out due to the

lack of f inane ial support.

The least advanced areas of research are disease in rear-
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ing schemes, behavioral x eseax'ch and genetic selection expex'-

iments ~ After significant progress has been made in the other

research areas is when these areas usually come into greater

development 4t the moment, except fox' the Malaysian prawn and

topminnows, there is no work being done to begin experiments

to find the solutions to the key problems in these areas~Pur-

ther investigation of the already known diseases is needed so

wc~ 'oe able to detexmine causes, methods of' diagnosis, treatment,

and control measures for prawn diseases.

At present, research on diseases of px'awns and other aqua-

cultux e animals had lad to the identification of several path-

ogans as well as the formulation of two working hypnthesis on
2

the disease mechanisims in prawns.

Behavioral research is also needed ss it can help to d ~-

termine what the effects of stocking density and body size on

shelter use and movements are, and as with the Malaysian prawn

the amout of agressive interaction between prawns can determine

the rearing density, which can in turn, haveeffects on prawn

production.

The most impoi ~one korea could be genetic x eseaxch. Peleci-

ing"and breedins,- ~xixmale with the most favourable characteris

ties, such as:cast growth rates, disease resistance, shorter

larval life, etc. is needed for reduced costs and the final do-

mestication of an animal species.
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Suces¹ful genetic research is the all Important "bottom

line"' item oi the research areas'
3

our Aquaculture Tndustx' 's Growthx

Aquaculture has developed to the point where over gl
million is spent annually in the State for research and de-

velopment, Through our scieatif ic discoverie¹, e'er eyaey~

bure industry h¹s suceeded In producing more with,%saeva as

well as helping the rest of the world with our discoveries

and technological advances .

Ayd so , as of now, because of the research and develop-

ment work done, hawaii. has an economically viable, growing

aquscultux'e industry. Aq»aeulture has the potential, as as

industry, to go a long ways, and research is what bes been

discoverinp th~~ technologies to brine i s this far, and it

can take us fuf ther, Without the advancement of our methods

and knowledge, there wouldn't be any progress.

~RQ555ZX,!

Research ha¹ shown aquaculture the way to a produc~

tive, yet practical industry Ve have discovered the species
which do have aquaculture potential and we axe now trying to

make the fullest usa of these potentials.

And now that the industry is picking up, it~11 need

more support. We need to improve what we have as well as
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develop new and batter technologies. Gnce again you'll

have to look toward research.

FOOTNOTE ES

John b, Corbin, Aquaculture in Hawaii l976,
Hew a i i ~ l976, p e33-

2 ~ Ibid ~ p p 57

3 ~ Ibid,, p 10.

4 ~ Ibid,, p.8 ~

". 1.-.L jOGliAPRY

Corbin, John S.,A ua 1t re Rawa -an assesment
prepared f or the Department of Planninp and Economic
Development, 'state of Hawaii, January 7976, pp. i-60.

Ling, .V ~ ,
ro anbar de ,Ciudad da Max co

I.: ' . L«
R 11etin: Pro ress Hect on -Land Febuary 22,1977,p.l6

Fujimura, Taku]i, velo ment of a Prawn Culture Industr
i li«I 1141

30 197ll
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THE AQUACULTURE OF MACROBRACHEUM ROSENBERG17
lyggpl I I f I ddl~~ig

I. Characteristics

Nacrobrachlum Rosenber ii, the giant, long-leg~e<i }~rawn of brackish and

fresh waters~ has been highly esteemed as food by peop1eof the t,ropical coun-

tries oZ Asia snd the Far East. The pop <larity of the Malaysian prawn has

grown rapidly and its demand is progressivelv enlarging. Therefore, methods for

increasing the prod iction oi the prawns are necessary in order to mee the needs

o" the vast and e, er increasing multitudes of people.

"'he <,iant '.falaysian Prawn, ',facrobracMum Wsenber ii,known as '<Udang Galah«

in '.Isla~~a, is distribute widely ~ n most of th. ',rop.cal a<d subtropical areas

o +he Indo-Pacific Region. The ..ndo-1'acific Regi~n includes Fast Pakistan

Ge� l,n, Burma, India, Philipines, Cambodia, Ind~neaia, 'hailand, Vietnam, a. d.

ital i'rsia. The prawn thrives in hoth fresh Ind > racy.ish waters and occurs all year

ro izd.; rawns are inhabitants of most rivers,"estuaries, and especially lower

-e~ions that are influenced by tides. '. rawns can be found u; to at least 200km

from the coast,, and present in l~kes, water rese~oirs, mining pools, irrigation

canals, and some i ad<iie-fiel<!s which have direct or indirect conr.ections to rivers,

In both sta! es, adult and larval, the prawn is euraline t i a considerable

deere< . In its nat ~ral environment~ the ..-rawns spawn in brackish water and the

~uveniios trav< 1 upstream to fresher waters. Larvae hatched in 3 to 6,<' t rackish

water are able to tolerate an imme~iate transfer to x<y water less than 21 .

salinity without s rious losses. The best larval stage salinity to close to 12

or lg.

!.arvae n<.ed salind wpat-r for survival~ but, iuveniles a d adults are sile to

freely move to fresh; or if maintaine<! '.n 7 rackish, they apparently continue to

do well.

,he q mstion of salinity is im oStant
because fresh water supplies in many regions
ar lim' ted. Continued experimentation to
deter. zine survival -rd growth un'!er a
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spectmv" of saHnities has the potential
of opening up large areas for ..rawn cul-
ture in estuaries in pr tein-short trop-
ical countries. 1

Tenr>erature appears to be a more important factor than salinity. Larval

Prawns are s 'nsitive ti te".;.~erature. The prefewred temperature for l~.rval

rearing is widely agreed hy cultur'sts to be at 2'., degrees :entigrade.

.'fter becoming 50-day old juveniles~ th ' '.falaysian Fxawns can survive

wide te:zperaturo variations. ~t one e.<rome, a<hilt .nd .'uvenile prawns survived

16 ",ogre; cent igrade ten cratur;s for several days, and with so~e deaths but
0

nat totally lethal at 14 G..".t the other extreme, 35 C i" .'iven as tho lpq.er
0 0

lethal lait. The opt<~ range is ab~ ~t 3< -31 C with 29-33 0 being acceptable.

A narrower range was give-n as 2~'-30 C ~.x;.rect'.cal, 30 C as th max' >um, and

79oG as optimal.

If. lays. an I~rawns arc ag ressiv~ an<I c~ibilistic as are most crustaceans.

Among freshwater species, tI.e .'alaysian prawn iS one of th soast aggreseive

and not too highly can .ibilihtic.

'Ialaysian prawns have been raised successfully in Zibergiass, concrete,

plastic and cex'amic tanl-.s, ar,uar%a, swim~ing pools, and ponds with earthen

bottoms. .Jsual3y a subst..ato is ad . d for aid in he px itocti~n of prawn

larvae. Tge substrate assists in re-'uc"=ng predation and cannibalism.

l'Iacro! rachium ...senber ii I reed and spawn easily and readily in a suitable

environment.

conclude-' that the !lalaysian prawn is by fax the superior anim-.l fax culture.

XX ~ FR."'i DIIkr TIK L'6 "I" I.:ill P~m'. Ã

l~ealthv mature prawns kreed year roujtld in a pr",per environment. There is

little difficulty in maintaining the bro~d stock in tanks ox' >.ands axl' ri~>e

females are selected when needed.
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liat,ue f<males are rea<l,~ t~ l re 6 after th~. cmplet.. a;,re-mating moult.

Pipe ovaries are viai].le in th. 'male as 1 ir: e, oran,-"-c ' ~red. egg in. asses

located in the .orsal arid later~1,rts o' t'-.;:ephalotl.orax. The ab:loninal

]~luera are <]istended slir;h 1�' ml arc'.;. o.u' r;rr' t' nlar~en the brood chznber,

', t�q~ical mature female can ~.roiluce:i;i t. 6," .' e,', -. urger enales

can l..iy egps t>rice in five months .;.,ri somet-' ie '.orr. ~ ',--n.

9:rn remales are;.lacy<] <n a tant wit' o«t t]ie presence o.' a:iy iales, n.

i'ewal e th.t .ia have �-''ist comrleted a:-.oui". ]s s i];'ect + be5o.;- attacked and

kill .', ] ' ~thor f"m;.les rrit]iin the sa >e 'ark. >it]'. a male .".re;-en'~ he protects

the vulnerai le female Pr m at] -'<c. ~ ' ne ial . can:! otrct .fi v . ir six females.at

one t 'me ~

III. ~ .'a iXK: iO . '!ST~-L..,'»'',,

well e;;.,ablished, >i~e to t ir. fec ui.'it' .'i''. '.!' ~ «as» oi holR'ii! substantial

]".rooR stoc'-~ occas'onally culturist are c.'».' 1< .. ~: � =ducin, mor» pos"..-larvae

t]>o..i the r ~-.o;9;le t. st-cT: 'r..d .~r~w s:C."-',::i,nt3y,

; ra'n larvae,",-nt 'nue thro'i;-]- eleven st.~ges a "ter hate'<'i,.g. ".| i r ei:rht o f

tive.,e sta."',s .>re notice.hie wit;.out tl<o a'd of closer ex@.!nation. Tho lirvae

are lan<-t nic d ir'ng t! o' larval de~rel ~ ient. 'ih".�" c-.as4vrit.' fee<i 3~,r-.ng

Th' �.y are stron;.; s'~ 'iier Jplov -n flTit ','','ei' t,il "'est 1;e',.d '.qY>th. ~ p~r i o<i
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'ifter mat, n', ix to twenty hour~ later, t' .;;.�, s arr, extru<]~-1, ".he time

in w]i'ch it takes I;h<. e". s t i be extvir]e i'o e:1's ~n ]- oar" aI't'r the pre-

m:.tin- m ult tho actual naI,~ng takes lace. The eg .-. are att~cher] ' ~ the leo-

ods oE' t",. ~e >~3.e w'.ere t!.e,~ r'., en. ".<e egi,s sl ~vl.r c'anve .s t!io larvae .lat:i;"

to the hatchinp stage. o larvae are jul"...y '.".. o. c<] wit];:~n lC to 1" Rays.

T]ie og -s '.:<.i.ch on abo:it t'.e 1."th r]~> ~ The»nna .ed females also extr,de e= s

but t]" un.",ertilize<i eg s dro~' fr "i t!.e ~1~-.-.o]s i.n a few <la-~s.

' be berr'e8 fern:iles ~r ] old in salinit';s ~, tn 1 until the eggs . inally

hatch.



and their ventral sicle upward. >ntil they reach ten days nf a,:., they swim

closely con.reg.tee; j zst '.|nder the s,zr"ac <if +he water. A".tzr 10 d-iy's, they

slowly l-,e"in t.-. l:is;;erse tbro,:.",h o zt th" 'oncl rom ',he'r "t ~ ~otherness".

.s the larvae approach netannrphosis, they t",;n<l +o jiimp and maybe stranded

zzp out of the w..ter. '!oscjj iito screening <as applied to t. ed <.s of ti.'. tan1

ancl provecl to he th~ scilntion f~r ',his problem,

.= nce '.he larvae are 'lan': tcinic t.' ey r-<' zaire food part.'.clos t~ l,e szzsp<.n.'ecl

it the rater iint'l c~:. le+<.l - cons:med. Certain eouipment sizch as: erf<irate '

~~z t il es ai~, t ries and spe.'al 1:<' designecl tanl-s with pr.perly circ.~late~ w

w-. t,-z have $ oe» y;s< <J ~i<1th great szzrcess.

".rreR," bstanc:c.of the laz.vae, Larvxc sw- i w:.<ile e,t n;" an<i ca+nb their food

zzith th<. z«a~i'.3ej eds and thar <clc j ops.

ha larv-l - o.rth zat . '" so~iewhat lrregizlar;haft er t' e "irst thre';.:ta.-o

s".r'n;. tine first o st �.-::, tlie eI-;, sac . s st'll;-:.i'ch,.d=~. ~onr incliv~ d i. «ls.

th< laz"rao - rov! <".n" "'oo l foz' "' "%, 1'eod n" <j'lr]sg thi s '>e<'inc' ', s con .i doped

n lecessaw~ o

1 ' t l"; da, s, 'he first czotam~rphosis into . ost-laz r<ze <;an be ezcoec-

".~r th<' larvae.

1V ..lUV~i';:iYLi'. l 'JUL'<J'l~

9.pen<-'~n- ~n temporat»zc and 'ther factors, 1" � ! > d-' s ~fter hatohin~y tho

~ ~~vae c~m"lote their Hpvel~pment. After izctamoz,,basis t."ey res able acazlts

Bli 'clearance and ener. 1 ~; el<av 1 iz . They are;. z 1 in;~er .:lanktonic an l settl to

12S

',cd. "he teczporatnrc should he at a'b<i<zt 7,' ~ an-'l salinit.' <t lo~~, withan

a<loqnate food s il ply. actors snch =s temperat»rc, s<zlinity, density, ind food

steve'ne the t;~e it ta4es I he larvae to co«<plato metamopphosis. Larval de-

~ elnpnent !is, b< .n z c poets<i l, ta.: e fr~ra 30-!<. days. Prawn larvae are enryhal lne

<: an tolerat:i i~-: to "1,.'�salinities bnt a 1~.'> sil'.nI~.' e qs iz est desir.�', le



the substrate and beche crawlers.

'urmg this sta~e the larvae ire still referred to as post- larvae '='5!,

althou:--h distinction 7..tween 'L a»d juveniles is a matter nf si-e. They are

us >a3.5�'~ call.ed L for >W.out 6." days. 1r 'win� the,',"i day",>er'od they moult

everv "cn days, ",row ra; id+, arid can,attain a length o' 5 cent.i.meters.

'F>,o transition per'o4 fromm ..L 'o juvenile is a v»lnera' 1e t' ~' for the prawn.

Thc. bab.~ ~ra>.>na settle to the bott~>s or cling t obj~'.cts nd are subject to

a~ ~es."~-oi. or c,~n-; .lpga' 's>~ .'rn:» - allow pre>ms. Predation hy such creatures as

dragonfly nymphs is also a threat ~ Sh .lls, twigs, and other ok sects suffice as

proper substrat ' and reduces casualties,

~ur-' n~ th= two ~o.>th p-:rind t', o ~ ivcniles .incre .se th .ir hardiness and oan

t~ler'te vari'! le temperature changes.

'uveniles can l e st~el ed 'n ponds ~" gr';-~-out <'acilities where temperatures

ar~ suitable Znr growth, such as tropical regions. In te-operate .;ones, it is

>!refer:.'1 t. aa9>tain �-'»venilos in reJring tangos f ~r longer periods util

temperatures bec-. ie s i'table, usual,5;. in late spring.

i v:cniles ~ay not be necessary for the first 12' dz,>s if the pond.

h "re a;uI icient sap»ly o" natural foo-'s.,owe er ..Ui ab.indance 'I nat'>r.'1

fe tilizers are req iired "",r pond fertilization. This pr~ctice .~a> be appl'..ca''.�

in trop-.cal regi u>s maivllj.

Density i a a~�'or factor in the moNtMity oZ stocked prawns..'i densit~

of 12-1.~ juveni5es per sq. meter, with an average of 15, results in a 50~ Nior-

tal'ty retch Lower densities produce higher survival and mor rapid growth but

a5.;,o alnw,r ihar.-i=st. lIigher densit.'=es result in ioth lower s irvival an > growt >

rates.
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"; CritiCal faCt~Z. -.'n t!.e c'sI; oC»ra rn .r~<'!ct. n -.',.= ~"-!  I. ".'W~-t'..'..�.:.;s

the .~rirci'al feod Coat S  .; !ring the ~~roe-overt St lL -;-;. ".hen th . pra!m iS

 ;r~;r'.zl�' to m rket,x', le siz,. ~ "liepending  !!! the t,~;.e ~ !�xov-o!t s!st;", us:. !,,

pr'1 it !ala/ 1 0 vPZv SCBS'M:i.Ve + O C !Stg t -;:! l' CO,:raWDS rf 3 give!." S.L 6 ~

here 'aS 3 CODSenS!XS t:.at W,zch a' itional rase ..C1 -:S !!c".'e:i !n "OO ' e~.Lirc-

'.r! alta Ot.,!r-!WnS 2':ra'". ADI QP ~ 2

Chqrlctezio j S o r' ~ rl .t r qje~-. !!r l!m! J oo  ' .! l .-y r!  ! t tr! parer eg.. err SiZe

are as follows'

a! Costa as little as !!oS.-ible.

b! L r>virr' -. 3 ! I'icient 'rowth.

C! re".!;-~~".' . t31 1'.! Wit..EOr!t, .930 l:..n O..'!'! t'' ienta ..OZ' Llp

d! i;,e handled rgith oas~!,'znrj c<!nv !z ". !c» ~

f! Gontaizl mater'ale ',hat. c~st and g"-,1- dor!.'t "1>ct!late,
to~ clrastical+.

g! JJesir 11e t - the r.r..ms.

hj .' e d seas~ !'r . a.. n . -toxic.

A sz!oc .' Led ' ' o'' ref'l'll es 7' r ! Rnlz"."'-1 l '' '' . 'PY, ' i ' 0 'eta!~le !Uterlal

in Starch. 'O!ZD ' praWDS "ro!r 1,eet .'!! 1 '.n' .r'.g::"nta<n'»' »L:-'h l-. rl.rSe s!  r;h,

.L,! As' ' So11.eSZl Czrd W,'s .: ~.te-' t. ';.;e=�' gll :.".=;-'!ll in 1!rVal C»lt«re.

",!!Von'1 leS aZ e ',, ',;l !,$ 1-r . ' ~ ' ! ' '. -, -Z Ol/' r!'l'! $ S I; 'l g, r't .. ' '�.!.r

ar":coat C~ma~nl! uS:r'. 3n<l a~!le C'Q' «''Sta l!.=r~ ~.,'orir..-",. The 'Z !ZDS aZe r.'.. «r' 1

z ltioDs. Various t,~~es ~ ' ..'r»ds '.r" '�:.; '.!s"", s rc".-:ss 11'j' lc'l A.

i r'~ile: 3'. ! t, Cat "i r=lle!.S, ".a3 St:,-. Drkn..'.; ! ~, er'~ent31 . iar ne ?i!l'icnS,

' rO:t,~1 $ sllri.:! Ch!WS, an r' ...Z -:~r~n So'.st !e1 Ze' S ~

.~st;!l"1-;En �z':!w- " K ." "n ..i n . !z"t.'eil; ".n: s. Ut1 out  o;!r .'!Dds~ thez'e

:r.". a n!rmal 	'"ae 'i io !J -..orr....., u C.. l'"..;oz!, .:, ' ot1r '~!lt r.l 'l!.Ci «.lz,nt. life

exi ti!!r; o!l ",h ' 1.. !n.', ' .!tto!!l, ""."I r is ! .i ' ',.t >,h.', ti' . z! !,,!:	 .,. Ct.' vi "g
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of a "nnR waIces a contrikution to ~red gr< wth, l i'. -',';to percent,.: -,o c" fo-r1 t1 .

~on<> . rn.f"'.1;:.s is unIc.o;m."3

; resent feeds proc' ice r t ms i s.=..'.-'.; nactor�f g ia3,itp ' st ",' .:r= j.s, t;,11.

a n<j l ', ior .i.'. rovemer ts, 1 esidos 'i>l '>jc' ' s,tl;I el.' tete.'�growl,h~ the j.'o t< ".,. eLL'

als~ rex<it, in e..ce'lent t.xtur, f'1avor~ .-u<d color.

Vl s jjlsjh ti!j's

Fresitwater prdtrrn cult<urists h~v» "; f.', ' <:r ' "., ic cities with dis",s than

c»lturis+s cf other crus',:;ceans. The !a<".o' n-::h,i<t,.i s,';cies 'n.ears to ', n vexeds

ct ~i. anf! cl.'scase i ..>ist:ar,, ~,.'c"<; th».les., cf>mplicat'ons ' t e oc.ures and will

pr tl:a'bl-f ko ~ ~n occurii

ic i.kt " ''LG
~r i <;, i-:<,', ~ i co r s, ~ soa. rV' !

i S S 'n, s in ' -n g ', !sn;" ', 'Q' '.>s n ',S! t ,'i<, +rans j<snt
;-.a-'s ' .."- c~ .se-'. ~ra~

I

oi' teal: Pnt t 'nf;-t::.s '.hat I,n.-,, s ~ "s; rs.".::nt, d prni<ln ss to '.I. nnssn

'. nr::li '.-,: r ison-s 'm.in| o "i,lnoi. spots. '".its --1~i'.< nn sss to -'norss.".: '<st .r

fliW anf] resnVe reeid ide .n u~ erat.n fO d. Later, t..e ail;.'iti n O ' 3g Salt Wae

foun! t' h.. e.' ect <ve.

Ga»ses '.-.. rawn - ise. t:hi it,.:. c~u3.d e w ttdr . ali g, lack of al<.wc, intens-;

light e,<p.ts u'<, ina",:-".floats J.'et, a'..d lil:h pl~ «ll o .' 'i1»ch lower t'.c �ra; ns

r: ."..'stones an<1 c.use stress and .':-;t1.gue.

1n spito of the f;".w w-'. e-oisces, disease is n~t cor.sidestep 1 t~ 1 e a m-tj~r

~>'",. <.le -".n ~v<.re~me in c<n er.ial jr wn cult,:are.

VII ~ J -t Us I.Jj. I 'J<JS

Zu .'i'.this s.'fste~s I':. p-,wn c lture de-i<.nds on ',lio ar». 'n wh:.ch t.'.e olner~tion

here ~a t. 4e su ."<ci<.nt. s!.l lies ~f land and hi"h g,alitiys to '. eIlace,

<fr~ter. There is no aLfreo~ent. n tl -. ai~un-' "" lan<', that ': =. nee<'ed t. sustain

i f!s cc» 'fin,r jco-thirds to i.hre'-is too sna13 for a .>a,jar ent .~>r< s:;, wi'.h

"ourths lf t'-.e area. I.'s"ential quanti+~es of w;ter, ne,je:,'.'nz o= 'he f3 ~w rates~
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cauld be as much as 10 million gallons per day. Other elements like capital

costs woiQ.d hike accord-'ngly.

Prawns can be ciLj.~ured successfu1ly in ponds, raceways, tr'ughs, «nd tanks.

Open Tlow-through systems, recircu1ating systems, and partial+ closed systems

are suitable. Prawns can ! e culture as a single crop~ or with a c~mbination

oi' other animals in pol."cult !re systems. Culturists may depend zn natural temp-

erature or they may incre~se them br t e direct application of energy, so3.ar

heaters, and the addition o' thermal affluent.

,wrthen I onds have been �"rifitatle and most successful 'n prawn culture.

I'ro iuction ran er from 2500 t . !F000 pounds per .cre per year.

The s':ze o. the prawn is usually deterz'ned by the ease o. har est ng and

pond maintenance. Common s', >os are ha3.f-acre and acre, though there are many

variations. W -tenth acre ponds have been used to hold brood stocks.

There are tw . methods for harvest'ng, drair!',ng and sein n; . Draining is

the m .st f .as-'ble and requires less 3,abor.

If a 5~!,i mvtal' ty is to be expected, then the ponds must be stocked with

tw'ce as many .-'i!veniles than are t i b: harve:-.ted.

VIII, P'.tOC';SSIIFi AND N4PSZTIICG

' nrket si e and elasticity nr Ifalaysian prawns is !!nknown. Some markets

with limited supplies 'bring pre,nium prices. In .'Iawaii, wholesale prices ar-

from ."3.00 to 43.00 per poun,I, he~ds on, with the retail prices at ~~>4.50 to $4.95.

Malaysian I rawns are highl ~ I..erishable. I"or long shelf li. e, killing the

prawns by flasIZreezing, and then holding them at a cznstant -30oC was recom-

mended. Lower temperatures are better, because the ice crystals are smaller and

tissue damage is reduced.

The fresh prod !ct is in greatest demnd. To maintain their good condition

the prawns are blmched before iced. She technique requires the prawns to be

chill killed, blanched at 150 C for 15 seconds, and then re-iced. The entire

process takes less than a minute per batch of prawns. The result in the tech-
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nique is a 6 dsy shelf life.

IX. ECOÃ0:Q.CS QF PRANN C",LT',JRE

In Hawaii~ the cost oZ raisin�~ prawns to market size is presently about,

$2.00 per pound. The costs of feeds are about 42 cents per pound of prawn pro-

duced. Labo costs are estimate to be from 30 to 40/ of grow-out costs, and

the feed at 22$. In order to reduce costs of grow-out, machine labor must

r place hand labor to th greatest extent possible, and a less expensive feed

is defifitely needed. ~'another possibility is t~ increase the survival from

t're normally ac'epted 50,i ~

Since Prawns are �renently snmewhat expensive, chere poses a question of

what will b» +.I.e market for lirx rry foids during a serio»s, world-wide recession

or depression, if such w~re tn occur.

It seems a, parent, that, the freshwater; rawn ind rstry will not be able to

s rpport mass market c»lturirr� until the market is large enough to suf.. iciently

matbh the demand and decrease the cost,

X. COITAL '"-IOV

Although hatchin,; technolo~ and »roced,res in cultur ng are adequate no«

tn supply round 8 r. port small localized enterprise , they stil' reqrrirc improvement
to achieve higher volume and year round post-larval cuikturing at much lower costs.

Refinements should seek to util!..e natural energy and nutrient,s in order to avoid

srrch heavy dependencies on the rising costs of ;ower and feed.s.

1'cede and nu -rition are nf major importance n the; conclusion that grow-out

Rconom cs are probably the main goal to overcnme in the c culture of Nacrobrachium i

Nore work should be I ne n the animals thems."ives in order tn find out their

nutritional requirements while looking for better an; ! cheaper fe:ds. The pond

in which they grow should be st»die,' much moee irrt':ns,"=ly to understand the

eco3.o~ical relationships between the two. If an energy balance was met between

prawn and pond, it might quickly reveal not, only better nutrition but es,sier and



so far. The ones that have risen have been treated successful~. However, it

is eventually possible and expected than more complications will surface a.

higher density c;culture is achieved. It is sug;ested that a disease reporting

system be established and a '.fscrobrachium pathology center be created'

:n c01tur'n~, experimezzts w'..th power plant cooling water effluents should

be perf'ected. .'xperimenta1 culture systems should develop advanced techniques

in mass culture as a public service, governmen' funded of c<vzrse. Ef"orts

s!~oui ' bs acc .mp3'shed ~y attempts to achieve primary improve~ents in the cost

and effect,ivenes." of prawn c lt zre s;it~ms an ' pond ec-logy.

'."l e ~ zest:.;n of pr.;v c»lt ue oconom'cs has several pros. ectives. one

would E.e i,". it wer, =ris-.; to ho ahead with the development of a cultured 1|usury

food when threatened wil;h recession an.1 depres=ion. Cult, ared crustacea may be

the only way le"t tc satisfy the demand as the world reaches the maximum yields

o;" wildstock that is sustainable. A fut»ri.stic pez spective is that a cult~wed

product with 1ow man-made ener ~ products as beef feed-lots' i'market size is

rEetervtined by the wholesale price of t e prawns; hence~ cost-effectiveness on

grow-o»t is an absolute must i freshwater prawns are Wer to become an industry

of economic si-"nificance.

If time, mon~, research, and much determination are put forth' by culturists

the lfalayaian prawn may turn out to he on4 of ag mculture's major breakthro'zghs

in far-~'np our waters. If man can master the art of growing all his food, I~ut-

ting to »so the full potential of his resources, there may never be anothez

starving, pro .ein deficient bo~ on t1 is earth. The s»ccessfull oulturing of

:dacrol-.rach'um Wsenber ii i.s a E ositive step toward a goal of universal

contentment and satisfaction.

Cheaper pond management. Controlled experiments and pilot operat'.ons are required

for s»ch n .eds.
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MANGANESE NODULES IN THE PACIFIC
by Galen H. Kuwamoto, University Laboratory High School

Reported information on the following...
Introduction:
Part 1 - Hawaii a natural for nodules and diagrams of location
Part 2 - Metal content of nodules and values and impacts and diagram
Part 3 - Deep Sea Mining System  hydraulic system/cable line bucket!

and diagram
Part 4 - Japanese program for maganese nodule exploration
Part 5 - International laws to keep sea mining

1! Existing rules of international law
2! U.N. Deep Sea Committee prospective issues in a legal regime.

Introducti on

The widespread occurrence of ferromanganese nodules and crusts has been known

for many centuries. Our understandings of their distribution and values can be

credited to the efforts of the men who participated in many early oceanographic

voyages. Included are the expeditions of the Challenger, Albatross, Vityaz,

Eltanen, Vema, Horizon, Atlantis, and others.

Realization of nodules contents came about through a case study conducted in

1957 and 1958 by the Institute of Marine Resources of the University of California.

A large haul of nodules, rich in Cobalt. nickel and copper was dredged from the

Tuamotu escarpment, just east of Tahiti . The program was conducted by the scientists

from the Scripps Institution of Oceanography as part of the 1957 International

Geophysical Year Program.

Based on their oceanographic data, a broad band of ferromanganese nodules

beds, rich in natural raw metals, 'lies 500 miles south of the Hawaiian Islands.

This puts Hawaii the closets to many of the deposits and miAay between major

markets in Japan and the United States. Hawaii will play a major role in mining

this valuable resource.

In 1958 the German research vessel Valdivia conducted a oceanographic spec-

troscope analysis  high-resolution x-ray photo emission of ocean floor! of

nodular sea beds in the Atlantic and Indian Oceans. Based on the Valdevia data
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charts, nodule beds were patch'ly distributed throughout the ocean, but large

amounts of ore was found. Manganese encrustation was restricted only to the upper

surface of nodules with the underside free from manganese. This suggests the

nodules were in a region of rocky terrain and strong tidal currents, and not 1n

low sedimentation areas and ca'lmer waters where they thrive.

Generally manganese crustal thickness was in the order of leo. The rate of

accretion was from 1-10ne per 10 years. The1r findings put the North Pacific

Ocean a better means of resource compared to that of the Indian, Atlantic Ocean

regions.

Hawaii, A Natural For Nodules

Hawaii is a "natural for nodules" and a number of research reports indicate

Hawaii is the heart of a vast undersea region in whi ch these nodules are most

plent1ful. There are at least four major reasons why Hawaii is a "natural" for

manganese research and related studies.

Our eo ra hie location is the center of a reat rin of Pacific Nations is

the most obv1ous one, During the turning point, Hawaii was once a great center

for whaling fleets and oil tankers, also during Pearl Harbor, they used the base for

a naval shipyard and military and naval base complex. Today an 1ncreasing amount

of marine services with a new oil ref1nery for serving foreign bottoms has been

built, also an encouragement of the use of harbors for more economical transchipeerit

of goods by surface and air to other ports has been proposed.

Because of its central location, Hawai 1 is a logical point for providing services

to vessels and their crew, research and development, and possibly processing of

nodules. Also another main point to take under consideration is the active volcanoes.

There are 1ndications that the formation of nodules is somewhat based upon the

presence of volcanic materials.

The second reason Hawaii is im or tant is that we have a stron foundati on of

of technical ex ertise and facilities in our 1sland. Many people may think of

Hawaii only as a tourist center and an agr1cultural state. However, Hawaii has a
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nosher of inte~tionally known research centers such as the Hawaii Institute of

Geophysics, the Hawaii Institute of Marine Biology, the Institute for Astronomy,

and the Bishop Museum.

This strong technical base makes Hawaii an ideal research and development

center for manganese nodules. especially for the study of the causes of nodule

formation, for deep-sea testing, and for processing technology.

The third favorable factor about Hawaii is our tradition of usin science

and technolo in an innovative and so hi sti cated w . In agriculture, for

example, Hawaii has been a leader in the development of sugar cane and very advanced

methods of growth and harvesting. Also continued studies of ways to convert

volcanic magma heat into low cost power has been developed and under more research.

Possibly in the -near future we could use geothermal energy to process manganese

nodules for low cost operating fees and high capital and gross income.

The fourth factor favorin Hawaii as a center for man anese nodule work is

our "Farci n Trade Zone", art of our De artment of Plannin and Economic Develo-

ment. It is one of seven such Zones in the United States. Material may be landed

and processed, and the original or processed products shipped to other countries

without payments of import duties. The Trade Zone has other special attractions

and incentives for international comerce.

Metal Content of Nodules and Yalues

At the present time, a conservative estimate indicates that there are some

several hundred billion tons of mineable nodules in the high grade areas of the

Pacific Ocean. The highest grade of nodules yet discovered and reported is found

in a deposit about 1000 miles south of Samoa. Nodules from this deposit will

yield about l.gX nickel, 2.3X copper, 0.2% cobalt and 36'l manganese on a dry

weight basis. Deposits of the nodules can be found in other areas of the ocean

which are as high as 2.6$ cobalt or 55% manganese. In general, the chemical

composition of the nodules is very uniform over a large distance of the pacific;

however concentration' of nodules can vary.

137



The highest concentration of nodu'les presently known is about 100 kiloqram

per square meter of sea floor which would work out to be about 300,000 tons per

square mile.

An average concentration in a deposit considered for mining would probably

be in the range of 30,000 to 25,000 tons per square mile of sea floor.

The average size of the nodules is about 4 centimeters; however each

deposit may vary with sizes ranging from 1 to 20 centimeters. The largest size

nodules everdredged was approximately 4 feet in diameter.

Although deposits of manganese nodules can be found in almost all depths

of water, only those deposits lying below about 3,000 meters are presently beinq

considered as economic to mine. High qrade nodules are qenerally found at depths

ranging from 4000 to 6000 meters.

On a Pacific Ocean-wide basis, it has been estimated that the nodules are

forming in the ocean at the rate of about 10 million tons per year. This rate

exceeds the present rate of world. consumption of valuable raw materials.

In fact, generally, on land mineral deposits are considered as depleting resources.

In the ocean though we find that many of the mineral deposits of economic value,

including deposits other than manganese are a valuable and pollution free resource.

One major point and advantage in considerinq the nodule deposits on the

ocean floor is it will represent a means of reducing pollution of the atmospher'e

by permitting the closing down of many pollution prone, land-based sulphide

mines and possibly, by the use of the nodules it will serve as a removal far

sulphur dioxide power plants.

Deep Sea Mining Systems ..
Hydraulic System and Cable l.ine Bucket

Although numerous systems have been tested for the recovery of nodules from

the ocean floor, only two appear to have any economic standpoints.

The h draulic s stem generally consists of a pipe which is suspended from

a surface float or vessel; a gathering head, designed to collect and winnow the
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nodules from the surface sediments and feed them to the bottom of the pipeline

while rejecting materials; and some means of causing the water inside the pipeline

to flow upward with sufficient velocity to suck the nodules into the system and

transport them to the top.

There are two hydraulic dredges being considered: conventional centrifuqal

dred e um and air life um .

Capital investment in both systems presently being planned or under con-

struction range from about 30 million to about 60 million for systems capab'le of

handling and recovering about 1 million tons of nodules per year from depths as

great as 18,000 feet of water.

The estimated operating cost of these system range from $10 to $20 per ton

of nodules.

The over'all economit: use"of a hydraulic system, in qeneral, indicates a

total capital investment of at least $30 million. The process plant investment

costs $75 to 100 million capable of handling 1 million tons per year. Total

capital investment of nodules mining and processinq would be $135 million.

Such a venture could produce about $67 million worth of products with a

recovery efficiency of 90% the operating cost would be about 39.3 million per

year, yielding a gross operating cost profit of $27.7 million per year and allow-

ing a gross rate of return of 21% per year.

The second type of system, presently being planned for full-scale production

is a Mechanical Cable Line Bucket CLB . This system basically consists of a

loop of cable to which is attached a dredged bucket at 25 to 50 meter intervals;

a traction machine on the surface vessel capable of moving the cable such that

the buckets descend to the ocean floor along one side of the loop, skim over the

bottom filling with nodules then returninq to the too.

Operating the CLB system is relatively minor with capita'1 costs in the

order of 2.5 million, this includes exclusive cost of the surface vessel which

can recover about 3 million tons of nodules per/year, the
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l. stir up sedimentation on ocean bottom
2. effect organisms and their habitats
3. growth of phytoplankton as a result of stirring up bottom

Reasons for .

l. efficiency rate of recovery higher - 90%
2. capital investment higher than CLB
3. gross net profit higher than CLB
4. reduce pollution on land than CLB'
5. made for large hauls

Against . . .

l. effect marine bottom
2. cost to operate higher than CLB
3. system only capable of recovery at certain depths

Impact analysis for Mechanical, Cable Line Bucket .

no measurable effects to ocean floor
may harm bethnic organisms and their habitats
no growth of phytoplankton

l.
2.

3.

Reasons for .

low in price to operate
gross net profit of return investment higher
gross net operating profit. higher
no measurable effect to ocean floor
can go to recover any depth

1 ~
2.

3.
4.
5.

Against

recovery rate lower - 79K
can only take so much in one haul

l.
2.
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operating cost per ton would be $.50. In addition to being very simple to operate,

the CLB can work at any depth and can recover any size nodule.  Note: system wi 11

be located aboard vessel with access to repair.!

The use of the cable line bucket will produce the nodules at a rate of

3 million tons per year and would have capital investment of $20 million.

This operation would produce about $52.1 per year worth of products,

with a recovery efficiency of 705. Operating cost wou'Id be estimated about

18.3 million per year, yielding a gross profit of $33.8 million for a 169%

rate of return investment.

On the basis of impact analysis the hydraulic dredge pump will



More tests are to be done in the future to provide the best understanding

of each system and to get the best economic results from it.

Japanese Program for Managanese Nodule Exploitation .

Japan is an island country, and its limited land resources cannot house

its rapidly growing industry. Most of Japan's copper and copper ore is imported

and all of her nickel and nickel ore is imported. The price of both of these

raw materials has decreased but in Japan the prices have increased.

In examining future nickel, copper, cobalt and manganese resources, deep

sea nodule mining has a great potential interest to Japan, and Hawaii is nearer

to Japan than its importer New Caledonia where most of her materials come from.

Manganese nodules can absorb a great amount of sulfur dioxide which is the main

cause of pollution in Japan.

Industry produces severe pollution in Japan. Power plants, especially,

use oil which is rich in sulfur. This is why it's so polluted.

A Japanese University ship and a study team visited the United States

ship charter . . . . . . . . . . . . . . . . $5,000
CLB  $1 million; 3 year depreciation!. . . . 1,000
other fees . . . . . . . . . . . . . . . . . 2,000

$8,000TOTAL PER DAY

Nodule dredging as a future business will be very beneficial to both the

United States and Japan. So far, one line dredging was the only means of

getting samples from the deep sea until recently, so the nodule supply was

limited in amount, and they could not test it in large quantities.
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under the di rection of Dr. John Mero of Ocean Resources, Inc., La Jolla,

California. Japanese companies organized a test near Tahiti using a 1,300

ton ship. The test was a complete success using the CLB at a depth of 3,675

meter  't2,000 feet!. This sparked a major proposition in Japanese Nodule mining.

Dr. Nero estimated it would cost approximately: $16 per ton using the CLB.

If there were 500-1000 tons of nodules per day from 5,000 meters using a 20,000

ton Japanese ship it would cost daily:



Japan and several companies are testinq several modified means to recover nodules

with the Cable Line Bucket. These are some of the ventures underway in Japan,

1. build new surveyinq shio by l975
2. conduct a nodule survey by that ship beainninq in 1976
3. reconstruct the CLB and test it in coooeration with other interested

countries l975-1978.

International Law Aonlicable to Deep Sea Minina:
Existing Rules of International Law and Arquments

Mith reqard to existing rules, the threshold question is, !<hat area con-

stitutes the "deep seabed"?

In doing so the Continental Shelf Convention was proposed. Under this act,

coastal states have exclusive exploration and exploitation riqhts over natural

resources of adjacent submarine areas.

These area rights extend out to the 200-meter isobath or beyond that, to

where the depth of the suoerad,iacent waters admit exploitation.

Another argument that came up was, do the rules of international law apply

to this area beyond national jurisdiction, which we shall call the "deep seabed" ?

In general, the Convention on the High-Seas, which is qenerally declaratory

of established principles of international law, confers riqhts and imposes duties

on high-sea users. The foremost rule is that no nation may assume sovereiqntv

over high-sea area,

Specific freedoms such as navigation, fishinq, layinq of submarine cables

and pipelines and "others which are recoqnized bv the qeneral principles of

international law", are orovided,

Another task that came up was what relevance is hioh-seas doctrine to nodules

mining?

In brief, it means that until accepted rules emerqe qoverninq the miner's

activities, he has an international obliqation to pay "reasonable reqard" to

other high-sea users, including navigators and fishermen.

Some nations have recently assented that the deep seabed area and its

resources are common property of mankind. The United States has consistently
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rejected that contention.

Under high-seas customary law, the deep seabed area cannot be seized as

national territory. But from that a major question has evolved. Mho has title

to the manqanese nodules resources?

To answer that question it would be impossible to define but so far those

having the technological capability to exoloit the resources might find it in their

interest to maintain that the nodules belonq to the first oossesser.

All one could say at this point is that existinq hiqh-seas doctrine would

permit some protection of one's riqhts to exercise hiqh-seas freedom. Also

reasonable criteria would have to be marked aqainst specific facts and the

International law does not provide the minor or his banker with the type of

security such that of land mininq,

United Nations Deco Seabed Committee on
Prospective Issues in Leqal Reaime

In 1970, the United States out forward the first detailed and comprehensive

proposal for a regime which would apoly to the mininq of manganese nodules in the

area beyond national, jurisdiction. This was the beainninq o~ the United States

Draft Convention on the International Seabed Area.

In the U.S. Draft, an "International Seabed Resource Authority" would have

the power to license the mininq of manqanese nodules and would carry on certain

supervisory activities in connection therewith.

Essential to the U.S, Proposal are the international standards to orotect

the ocean from pollution, to protect the inteqrity of investment and to prevent

unreasonable interference with other uses for the ocean. In addition, the

United States stronqly supports sharinq revenues for international communitv

purposes and compulsory settlement of desoutes.

Several important issues have emerqed. One primary ouestion is who would

control an international authority?

Obviously, the well accepted principle of sovereion eauality in U.N.

affairs implies that each nation is entitled to be treated as a sovereiqn.
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The United States has proposed a governinq counsel comoosition and votinq

structure for its proposed International Seabed Resource Aqency which wou1d

accommodate both the one-naNon - one-voCe principle and the 1egitimate concerns

and expectations of those nations having the greatest responsibilities for

mining the nodules. Other nations have put forth proposals, and more can be

anticipated in the neqotiations before this question is finally settled at the

Law of the Sea Conference.

One other issue of concern is orospective world supply and demand for

extracted metals.

The most relevant document reqarding prosoective international law con-

cerning deep seabed manganese nodules is the Declaration of ~rinciples adopted

by the U,N. General Assembly in December 1970. These principles will provide

the startinq point for the multilateral treaty terms on the deep seabed to be

negotiated at the Law of the Sea Conferences

The principles provide that the area beyond national jurisdiction shall

not be subject to appropriations, and that no state shall claim or exercise

sovereignty or sovereign rights over any part of it. The orinciples go 'on to

state that no claims or riqhts may be acquired with respect to the area  and

these are key words! or its resources, incompatible with the international reqime

to be established.
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A LOOK AT l%NGANESE
by Rene N. Tanaka, Hilo High School

Manganese nodules discovered by Gahn in 177~~, can be found on

the Pacific Ocean Ploor. These nodules containing elements that

could help the United States become richer and help by providing

Jobs, have not yet been mined. Though some people have been

thinking about minin~ these nodules they have not done so yet.

In this report, I shall give a brief discription of the man-

~snese nodules, why they should mine them, its effect on the Unitrd

States and Hawaii.

I have chosen to write my .paper on manganese nodules because

I feel that I should do some research on them because of the

elements that cou3d bring alot of money to the U,S. Also the

ways it could help the economy of the U.S.

Methods of Research

".fy method of research is of books and newspaper article I

went to the library for most of the books but the rest I borrowed

from the marine science teacher. The newspaper article was taken

out of the Honolulu Advertiser.
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Mananese nodules can be found on the ocean floor of the Pacific
growing on rocks and shells. They contain many elements such as
nickel and cobalt which is imported by the United States. Mining

thes~ nodules could save alot of money for the United States.

Although along the Hawaii. an island t'here is alot of manganese

nodules the richest contrates of manganese is located in an area

alone', the equitorial belt of the Pacific.

John Mero of the University of California has estimated. in

19<2 that ther~ are 1.< x 10 metric tons of these manganese in12

the ocean floor. He also believed that the nodules could be sold

at a profit of -qPO a ton. ' fhich would amount to over one billion

dollars.

The manF anese nodules will grow in areas which have a low sed-

imc nt~tion rate or where there are strong currents that prevant

other sediments from settling. The melting point of the manganese

is 12<0' C. and the boiling point is l900' C. The atomic weight

is 54.93PO and the atomic number is 25.

!'anganese nodules in the Pacific have not yet been mined and
processed to be sold to other countries. If the United States
couLd mine them we would save alot of money because we wouldn' t

have to import any more nickel and cobalt. |tlte could even make a

profit if we sell some to the other countries. In mining it more
jobs wi3.1 be available for the unemployed. But unfortunately the
area of rich contrates of manganese is beyon the two hundred mile

zone ~

In order to mine these nodules the company needs a processing

plant and the nearest land that can supply their needs in building
the plant, Hawaii is the land that is able to supply their needs.
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Having the mining plant in Hawaii will help the unemployment

rate from incr"~,"in~ .""inin,: them in Hawaii will make the cost of

copper, sodium and the rest of the elements cheaper for' the' resid-

ents vf Hawaii to buy then if it were processed in the mainland.

'Ther~ are alot ~f' advantages of having the plant in Hawaii but we

must also look at the disadvantages. ~uch as if the plant should

pollute tho.. beautiful shore water to process the manganese, Or it

mi~"..t cause some other problems' Before ~:. do agree on allowing

company to build a plant here in Hawaii we should look at the

pros and cons vt. ay cax efully or we could ma'~e a bi. mistale ~

Zf a company does process these man' anise nodules how will

they do it'? E think that they should melt the nodules and extract

the nickel ~nd co'.;~.lt, r they could :.rind the nodules and extract

t~.e e 1ement s th e �" w~t .

'..ininp, the man ance could eff ct the economy of the United

States. It could al;o help in the progressing world of today.

CC!'1CIUSION

En conclusion I would like to say that manganese will sur .lp

effect Hawaii some ho~~. And w"- must not m".k. a wrong decision,

For I feel that if we ~liow the company to build their plant here

w~ will be the ones who rrill either be lucky or suffer whet it does

to Hawaii ~
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MARINE RESOURCES: PROBLEMS AND REASONS FOR MINING MANGANESE
by Jan K. Hiyashiro, Kai1Ua Migh School

Presents here in this paper axe 4ebatable issues concerning the develop-

ment of manganese from the botton of the ocean. Five resources wese use4 tc

obtain information oh the problems 4%i potentials,- in %he 'iBLLglg cf Ssngsnese+

ProMems &iscussel have to 4o with the effects on the marine envtzcnment mining

jlgjf !Wive $ economical f 1 egal ~ pol i tical, aa4 technological f easBd 1 i ty.
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Manganese nodules are shaped like lumpy potataes and are approximately

five centimeters in diameter. 'Inhere are many theories as to ho» manganese

nadules are formed. Two such theories are~ i! Many scientists assume that

~manese and iron particles precipitate out from seawater, and accumulate

paxticles to make the precipitates heavy enough to sink. Once on the ocean

floor, the nodule, rich in, and with a great variety of minerals> does not stop

enlarging in sise. It continues to collect minexal runoff fmm land or mate-

rial fram undersea volcanoes, 2! Other scientists believe that natural cata-

lysts separate and. concentrate minerals to form nod.ules. Most of the time,

the minerals farm around. a small, hard peice of ms,tter, like a stone or piece

af bone,

These nodules were discovered Q the HMS Challenger, during a three-year

expedition lasting fram f873-f876. The nodules are found in the Atlantic,

pacific, and, Indian Oceans, but Ire most abundant in the pacific. Modules tend

to form far beyond the continental shelf, at a depth af about 0 to 5 kilo-

meters.

Manganese nodules contain approximately thirty different minerals,but

interests have been centered on only six> copper, nickel, cobalt, manganese,

aluminum, and sircanium. Because these metals have a great role in everyday

4merican life and in technological material, there has been a gxowing interest

in the nodules, However, the nodules are not easy to obtain,

1he problem is that by mining on the sea-floor, the balance in the ocean

environment could. be thrown aff. Other abstacles in the way of development

are econamical, political, technolagical  methods of obtaining!, and legal con-

siderations. If we are not careful in explaiting the ocean's resources,

dependent marine life will suffer and die, and the ocean will be in a terrible



plight. The ocean must be studied so that we can take xesources without

haxming it. For economical reasons, a use for all or most of the nodule shoul&

be found befoxe it is exploits&; this is sensible since the cost of exploitation

vill be so high. There «ill be more industrial pxoduct per nodule for the

money's worth.

Technology presents a pxoblem bacause many metho4s used. in mining msg be

economically unfeasib1e, or d~<ng to the environment. Here are tvo examples

of technology and the pxoblems they msg cause. These methods msg be used in

the future> I! The "continuous-line-bucket system" is a procedure in which a

bucket, attached to a cable, is let down to take some nodules. The bucket is

then pulled up to the mining ship. 2! The easier method tn use ia hydraulic.

A long pipe, connected to a dredge head will be towed behind the mining ship

and &~god along the seabed. Pumps «ill bs used to suck up the nodules an&

bring them to the ship.

First of all, the problem with both methods, or with any method is that

ve do not know enough about the ocean to be sure we will not harm it ty mining

for the nodules. Xf we do not know how the ocean will be effected., we should

not tamper with it until we know acre about it. There mag be vital nutrients,

food, minerals an& other materials that take part in balancing the ocean envi-

ronment.

As Saucie  source of information! saga, if the bucket system is used,

sediment will constantly be falling on nutriente vital to benthos.  Benthos

are animals that live on the ocean floor. They feed on algae and other nemine

1lfe that live on the bottom of the ocean, As the bucket is pulled. up to the

ship, this food Xs buried.!

As a result, the benthic creatures will staxve, if not be buried, and
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animals feeding chiefly on these creatures w111 also starve, thus disrupting

the food chain.

In fact, both methods wU.l in some way stir up minerals and. particles

causing not only problems in the foo& chain, but turbidity around the mines

as well, Soucie says. Alien minerals from the ocean floor will be brought to

surface waters and may cause disturbances to life there,

'ihis means that the concentration of minerals in surface waters may be high

too suddenly to support life.  Nost sea3.1fe cannot stand, sudden changes in

their environment,! Eventually, if enough minerals are dissolved. in the ~ater,

eutrophication may result,  eutrophic � rich in dissolved nutrients, but lacking

enough oxygen to support life.! Xf more salt gets stirred up and dissolved,

many creatures who cannot adapt to slight chcaqps in salinity will perish.

Because of the turbMity of the watex, sunlight will not penetrate well, and.

plant life cannot use the sun to help them produce food  through the pxocess of

photosynthesis!. Since plant life is the first step of any food chain, animals

as well as plants will perish.

Soucie comments that when the water is turbid, animals «ill make an effort

to move out, and others will avoid coming in,

This is because turbid waters M.ock the sunlight, which prevents plants

from getting their food, which in turn prevents animals from getting their food.

Anothex piece of equipment that may have an adverse effect on the ocean' s

sealife is the drill, or some other heavy piece of equipment. %hen these heavy

pieces of equipment are dropped to the ocean floor, benthic creatures coul@ bs

crushed easily, cutting down their population, and. creating pxoblems for

animals that feed off the benthos.

Besides causing an unbalance problem in the ocean, the discharge ~m the

mining ships vill cause water pollution. Processing the minerals vill produce
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pollution, and wastes left fxos the nodules after processing. On the average,

refining factories will thzow out 904 of the nodule as waste. Some factories

are planning to pzocess copper and. nickel which makes up 2 35 of the nodule,

So far, only one company is planning to process man@mesc as well as copper and.

nickel.

On the average, nodules contain about 84 manganese, BL' nickel> 15 coppez',

and RC cobalt. These percentages may not look too high, but compared to their

percentages in material found on land  ores!p they are very high. In the

Pacific, there are 1 f/3 times as many reserves of copper as on land, 10 times

as many reserves of manganese, and 13 times as many reserves of nickel, Xt

costs a company more to mine a mineral with a smaller percentage of it~ this

is why we are so interested in the sanymese nodules as a resouxce.

Doctor John Mero, shc wrote ~Miners Resoc~ces of the Ses, takes special

interest in matqpLnese nodules because they are so mineral-rich and. abundant.

He predicts that there is enough sirconiump copper, aMLnganesep aluminum and

cobalt to last man for thousands of years. If ve starbs4 pxoduoing these

minerals, we would be able to produce more than we need.,

Ve can nov see the value of the nodules, and also som problems of getting

them They are 80 far down from the ocean surface, and. about 65 kilometers

out at sea.

Locate.on of the nodules will bring up a legal and political problem.

Countries will debate ovex rights to areas containing manganese nodules. Those

with long coastal areas will fight for possession of goods within a designated

coastal sons, and those with short coastlines, no coastline at all,. or with

pooz mineral content offshore will fight for sese4hLag-like sharihg minerals

found. anywheze in the ocean. '1here will be much international competition fox'

the goods, and much negotiation on lavs of ocean mining.
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Once political and legal problems sre out of the way, the nodules will

probably be exploited despite harm it may do to the ocean. Industries will

rush at the chance to get a profit and the best deals on the resource. Edward

Wenk  source of information! feels that> "Unless rational alternatives among

competing uses are evaluated, the trend will continue to be toward single-pur-

pose uses, motivated Q short-term advantages to individuals, industry or local

governments, Such exploitation may actually dissipate resources... Each

single-purpose use may seem justifiable on its own, but the overall effect of

piecemeal development can be chaos."i

In ozd.er to prevent some environmental harm andto learn more about the

ocean, experiments on mining should be carried out on a mini scale environment.

Researchers could prepare a defined medium  environment in which all components

are known!, in which would be placed all of the elements and forms of life in

the area to be mined. Mining at the rate that the real environment, will be

mined. at, and providing all operations and problems that could be caused. will

be introduced to this man-made envimnment. All of the seasons of the, year will

have. time to occur so that the sealife may have time to folio~ through with

their natural lifecycle and. migration habits. Enough time will be given so

that these life forms will react fully to the mining situation. Because

researchers will be working in a defined med.ium, they can find out exactly what

is affected. in the area.

Conclusion

Nining areas should be studied more thoroughly before they are touched,

so as not to harm the inhabitants. If we mine without greed for our own profit

by coming upon an international agreement, our precious resource will not disap-

pear so fast, 'There willbe asmaller chance of hazming the environment since

less of our resource will be used, and at a slower rate.
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The Seabed Controvers of the
Third United Nations Conference on the Law of the Seas:

Who Shall Possess e Great Wealth Beneat t e Sea?

Jo L. Whitman

University Laboratory School

Abstract

A major decision that must be reached before the Third United Nations
Conference on the Law of the Seas ran progress is the degree to which the
doctrine of comnxm heritage should predominate. This is important because until
this point is established the developed nations and the underdeveloped countries
will not compromise on other points.

One of the things expected to come out of this conference is an inter-
national treaty, perhaps establishing an International Seabed Resources Authority
which would regulate exploration and exploitation of the marine resources
beyond the areas of national jurisdiction.

No fair or equitable agreement can possibly be reached at the Law of the
Seas conference unless all nations of the world are willing to compromise in
negotiations for the treaty.
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The Seabed Controvers of the
Third United Nations Conference on the Law of the Seas:

Who Shall Possess the Great Wealth Beneath the Sea'P

In 1967 Arvid Pardo, the Ambassador af Malta, suggested to the general

assembly of the United Nations that the seabed resources located beyond the

areas of national jurisdiction be declared the "common heritage" of all man-

kind. In 1969 a resolution was passed by the general assembly, indicating

the general acceptance of this new principle by the nations of the world.

At the same time the United Nations created a subcommittee for the purposes

of studying a possible regime for the peaceful uses of the ocean's resources.

The work of this committee and a general international concern eventually led.

to the convocation of the Third United Nations Conference on the Law af the

Seas in late 1973. This conference has been ongoing for several years, but

its progress is questionable. It remains to be determined whether the marine

resources will be allocated and the profits distributed under res nullius,

res communis, ar camman heritage.

One of the major purposes of the Third United Nations Conference on the

Law of the Seas is ta establish an International Seabed Resources Authority

 ISRA!. The major issue currently inhibiting the progress of this Conference

concerns the functions of the ISRA. While all countries have generally

agreed upon the need for an ISRA, they have not arrived at an agreement on

the specific functions such an international organization would perform. The

developed countries desire a "weak" ISRA, which wauld merely act as a regis-

tratian agency, granting licenses to mine for a set amount of royalties. The

less developed countries prefer a "strong" ISRA, which would' issue contracts

to mine, have the power to revoke the contracts, enforce regulations, and

l- resolution 2574 of the twenty-fourth session of the general assembly
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control both the processing and sales of seabed minerals.

The positions taken by the developed and undexdeveloped countries, fox

a "weak" and "strong" 1SRA, are related to two larger perspectives in inter-

national politics: the realist and idealist viewpoints. These views, in their

extremity, do not appear to be compatible with arriving at an international

treaty for the oceans. There is, however, room for a "middle" or compromise

position between the realist-developed countries' position and the idealist-

underdeveloped countries' position.

The idealists tend to view the Third United Nations Conference on the

Law of the Seas as an opportunity to further the "commun interests" of all

nations thx'ough the creation of a new international organization. The exist-

ance of the "common interests" of peace, order, equity, etc., for all nations

is the fundamental idea essential to understanding their actions. The under-

developed countries, the poor and the weak, tend to favor these principles.

On the other hand, the realists tend to consider the conference as a con-

g1omeration of tentative compromises, each country pursuing its own national

interests, and that there are no basic common interests. These principles

are prefered by the rich, powerful countries which have high levels of

technology.

Back ound: The Ocean Settin

In the past the sea has been used as a medium for transportation and a

source of food, but the seabed has gone unused and unclaimed by man because

of its inaccessability. The developed countries today may have the technology

to recover the resources of the seabed. In the Law of the Seas debates it is

the minerals of the seabed that are currently of importance, especially

manganese nodules for their cobalt, nickel, copper, and manganese. Now that

these resources are technologically within man's grasp, mankind must decide

how to allocate the resources and distribute the benefits. The traditional
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concepts of res nullius and res communis, under which a resource was either

claimed as the exclusive property of a nation  res nullius!, or left as the

property of whomever went out to get it  res communis!, do not seem useful

principles under present circumstances.

The principle of res communis means that a few of the wealthiest, most

developed nations would be free to use large quantities of marine resources,

as there is an uneven distribution of capital and technology in the interna-

tional system. This would have the result that there would be little or no

resources for the less developed countries, those without the technology or

capital to exploit the resources now. Res nullius, on the other hand, would

involve dividing the seabed into zones of national jurisdiction. This would

cause a different set of problems, such as disputes over pollution controls,

the right of free passage, and the laying of communication cables. Res nullius

would also encourage military use of the seabed by the developed nations and

the placement of detection devices or nuclear warheads on or under the seabed

as the ocean space would be "owned" by the nation, meaning that it could be

used in any way seen fit by the government of the country.

Ownership of the deep seabed resources is a particularly sensitive issue

because most of the marine mineral resources such as manganese nodules,

containing precious minerals, are outside the areas of national sovereignty,

beyond even the proposed 200 mile economic zone, where ownership and exploita-

tion rights are as yet undecided.

Profit Distribution and the ISRA

The "common heritage" idea proposed by Arvid Pardo is very different from

past international and national policies in that the technologically advanced

countries would not receive most of the profits from deep seabed mining.

Common heritage advocates mining by the wealthy nations and pooling the profits

to help the underdeveloped countries. Profits would be distributed very
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differently under res communis and res nullius. Under res communis the developed

countries would be doing the mining and taking home their profits, and under res

nullius the developed countries would again be doing most of the mining and taking

part of everyone's shares home. The developed countries would also choose the best

mining areas, especially the mineral rich area in the Pacific basin, the one best

known for such a high mineral concentration in the nodules. The realists of the

developed nations  DC! prefer either res nullius or res communis to common heritage,

saying that it is not fair for them to do most of the investing and have the under-

developed countries  UDC! share the profits as provided under the common heritage

idea.

x,gure

Idealists in the developed nations view common heritage as a means of

helping the underdeveloped countries advance technologically and economically.

The realists view this as unfair because the two "pies" do not have the same

proportions.

The size of the two sectors of the profit "pies" is undefined in either

case. Pinancial information on deep seabed mining is insecure, as actual mining
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has not yet been done in commercial proportions. Profit estimates are even less

accurate because of more variables  i.e. processing costs, possible !'royalty"

fees, transportation costs, etc.! in the computation of the economic costs/bene-

fits. This lack of accurate information and vagueness on the proportions of the

actual profit "pies" has created some difficulties for those trying to negotiate

a compromise between the developed countries' and the underdeveloped countries'

positions on an ISRA. Some people argue that the ambiguity on the size of the

"pies" is a major cause of the deadlocked debates on the seabed authority. A

better case probably could be made for the assertion that it is the conflict

between the developed countries' desire for a "weak" ISRA and.' the underdeveloped

countries' preference for a "strong" authority  each with their own plan for the

distribution of benefits! that has been the most decisive factor in influencing

the present deadlock.

The 'distribution of profit' "pies" shown in figure 3 are not the same. The

circle on the left shows basically how the idealists think the profits should be

distributed. The vision of the idealist is captured in four major principles.

These goals, as stated by Professor George Kent, include:

Peacefulness- The resource should be used only for
peaceful purposes.

2. ~E ui~t - The benefits derived from the use of the resources
should be distributed equitably. This in turn means that...
2a. As a common heritage, everyone is entitled to share
in some measure in the benefits from the use of the
resource. This necessarily implies non-appropriability,
such that no individual, corporation or government has
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the right to claim the resources for its own exclusive
benefit.

2b. A eater share of the benefits should o to the or.
3. Environmental Inte it - As the heritage o the future

as well as the present, users of the resource should
show respect for the environment, limiting both
depletion and pollution.

4. Common Mana ement- To give effect to these principles,
a governing agency responsible for their implementation
must be established. That agency, acting in behalf
of all mankind, should provide for participation by
all affected parties in the making of its decisions.

In relation to the ocean, these principles imply that the ocean should only

be used for peaceful purposes, and that all nations should get a portion of the

profits from the use of the marine resources. The disadvantaged should get a

greater share, plus conservation controls should be effective in preserving the

resources for future generations. Management should be by an international authority

concerned for all nations. The single most important dispute at the Law of the

Seas Conference is whether or not the poor nations should receive most of the

profits from the use of marine resources, and if so, how and in what proportions.

The right side of figure 3 deals with the more conservative view of the

realists, who view everything from the frame of reference that each nation wants

to increase its own benefits at the expense of all others, and. work with only

self national!-interests in mind. The developed countries who generally go along

with this philosophy seem to act on the basis of only short term self-interests.

They argue that the two sides of figure 3 are unequal in that the underdeveloped

countries should not profit from all the investments and effort the developed

nations put into the utilization of marine resources. If the experimental mining

done this year by Deep Sea Ventures and other corporations from the United States,

Japan and West Germany prove profitable, then these nations may become even more

adamant on obtaining exclusive rights to areas of the seabed, especially the known

areas of high mineral concentration in the nodules.

2- Kent, George. 197'. "The Common Heritage Idea" third draft, page 4.
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The following tablePshows how the developed countries and the underdeveloped

countries view the ISRA.

The "weak" ISRA:

Develo ed Countries
The "strong" lSRA:
Underdevelo ed CountriesIssue

any "responsible" state
r corporhtion should be

granted a contract to
ine. amount of royalties

s ecified in contracts.

o shall be allowed to

xploit the seabed
esources

only ISRA may mine. ISRA
should have a monopoly,
control of sale of

oducts, and distribute
revenues.

2. ow much power given to
ISRA

little or no discretion

or flexibility. Equal
 favorable! treatment for
all. everytiiing written
into the treat .

ISRA acts as an autonomous
international organizatio
as flexibility and
iscretion, few or no
estrictions.

limit access, coun-
ries can take whatever

hey wish.

3. ow muc ISRA control o

access and rate of

evelopment of marine
esoLzrces

ISRA given aut ority to
efuse ot grant access and
o determine rate of
evelo nt.

should be a council, whic
equires affirmative vote
lus majority of six most
evelo ed nations.

ow should operating
ecisions be made

4. major power in ISRA
assembly.

y participating in min-
ing operations  borrowing
apital and technology

from other nations!.

5. ow do underdeveloped
ountries participate

in deep sea mining

hrough ISRA: equal
articipation in
a»agement. UDC's
epresentatives would take
art in operations  mining
d refining! to gain

nowled e.

6. ow are intere~ts of
land-based producers of

inerals to be rotected

ffective production, and
rice controls.

onetary compensat ion
rom the international

fund.

should be written into
reaties and contracts.

ow can the security of
rine mining companies

e assured

ISRA can change contract
terms.

7 ~

fee for gxant, royalties all profits to ISRA.
n roduction in contract

8. ow much of- profits
should o to the ISRA

ISRA should have plenty of
discretion treat flexible

reaty specific, no
rovisions for chan e.

9. ow will ISRA adapt to
chan in conditions

3- Ocean Education Project. An International Seabed Resources Authority and Deep
Seabed Mining, Draft on.
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A compromise on these points could be negotiated along the following lines.

The ISRA should be given control over who may mine the ocean's resources, with

'when', 'where', and 'how much' specified in the contract. These should be nego-

tiable, though the ISRA could refuse to grant the contract, These contracts should

allow the use of the area specified in the contract for, say, five years, with

revision dates specified in the contract. This means that before each of t' he



revision dates  perhaps every 12-18 months, specified in treaty! both the mining

company and the ISRA must renegotiate the percentage of profits that go to the ISRA,

the amount that may be mined, or any other details speci:ied in the treaty.

If anything in the contract, including environmental restictions, quantity can-

trols or revision dates are violated, the ISRA should have the power to revoke the

contract. The ISRA should have the flexibility and discretion to refuse access

to .resources, and to limit the rate of development.

Mining companies would apply for contracts, submitting complete work plans

with the application. Two or more areas should be applied for. If the contract is

granted, the company must then pay a fee proportional ta the size, and concentra-

tion of minerals in the area contracted t',o -be aimed. The campanies must also

submit financial reports along with the royalty payments stated in the contract.

Nations may examine the ISRA's file of plans.

The treaty should be the guidelines for the ISRA, containing basic conditions

for operations  rules of the road!, a lower limit on the percentage of profits

to go to the ISRA, and provisions for amendments.

Compromises by the two positions are currently non-existant, even though

each of the points cited in the table has a wide range of middle ground that could

be utilized. In determining the mount of authority that the ISRA should have,

each specific question should be carefully, yet quickly examined, with the

possibility of compromise kept in mind by the people negotiating each position.

If there fs no compromise in the near future, the nations which have the technology

to mine will either go out and utilize the resources under res communis or claim

them under res nullius and then use them. The United States' experimental mining

in the Pacific is one step toward all nations making claims ta the ocean resources

in the near future. Once either res communis or res nullius is established it will

be much more difficult to replace it with an international authority. Without
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both the developed countries and the underdeveloped countries participating in

an international treaty the economic gap between the rich and tllapoor will increase.

This in turn will increase political tension, making negotiations of all kinds

more difficult.

Conclusion

The Third United Nations Conference on the Law of the Seas seems to be

deadlocked. Some agreement must be reached soon, befoxe the developed countries

begin to mine the manganese nodules on a large scale. Once the nodules are gone

they are gone forever for all practical purposes. The regeneration rate of the

nodules is so unknown that it cannot presently be considered in oux thinking on

the problem. Mining nodules under res communis would make the establishment of

an ISRA more difficult. Once the developed countries and the underdeveloped

countries have both decided to compxomise, much ground is left between the two

positions, and the details of the treaty could then be worked out. The main con-

troversy is which concept will predominate: res nullius, res communis, or common

heritage. I feel that both res nullius and res communis are heavily slanted in

favor of the few economically and technologically developed nations with extensive

access to the sea. Common heritage is the fairest of the three in that the benefits

from the use of the marine resources are distributed to more nations, thereby

furthering the economic differences less than either xes nullius or xes camemis.

The poor nations and the wealthy nations will need to seriously consider compro-

mise strategies in order to bridge the differences that may arise, inhibiting the

effective implementation of common hexitage.

Jo L. Whitman

University Laboratory School
March 1977
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THE KAIMU PROBLEMS
by Betty Tampon and Venus Hauanio, Pahoa High School

EARTHQUAKES AND RELATED EVENTS OF HAWAII ~ NOVEHBER

29~ 1975' A PRELIMINARY REPORT+ ~ e ~

There has been a great many earthquakes these past years, ans as you may remember

the biggest one of all recently was in November 29, 1975, at 0048 The earth-

quake had been centered about 5 Km beneath the Kalapana area on the southern

coast, It was sapid that before the great earthquake there had been numerous fore-

shocks which followd a 5 7-magnitude Jolt at 0036 that same morning. But the

terrible thing was the tsunami that had follmvdd That tsunami waves had reached

a peak of 12 2-14.6m above sea level Then when the earthquake in 1975, caused

Kalapana to sink it made people think that these events serve as a critial,

though tragic, reminder that nature in its own way is saying to be careful and is always

constantly reminding us that the never ending ground movements are there, Kalapana

has undergone many centuries of slowly but never ending sinking. Scientist say

that Kalapana shall sink a5d that the entire island is slowly sinkimg The

earthquake that shook the Big Island in 1975 was so strong that it had been felt by

the neighbors Islands of Maui and on Oahu, more than 400 Km from the epicenter ~

During that earthquake and af ter intense bursts, glows, or flashes of white to bluish

lights lasting from a few seconds to about minute, were observed by many people

Inclgding a few of the Halape campers which had been traped in the tsunami after the

earthquakes. This earthquake caused slot of the subsidence of South coast At

Kalapana there had been a Lagoon in the area betw en Hahaeaapoint that had been

muddy or even dry during low tide Now is filled with water and good for

swimming. Kalapana and Harry K Brown Park are flooded during high tide and looks

like high tide at low tide. A portion of Kaimu Black sand Beach, I KM northeast

of Kalapana wave swash noe enters the coconut grove fringing the beach, which the

waves are killing the roots of the coconut trees
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KAINU SWAY SINKING INTO ~os ~

The Kaimu Beach was once a beautiful smooth black and beach extending far out,

which unfortunately is covered consid rably by the ocean waves now It is true

that the sea is eroding the black sand off Kaimu beach, but that is not the

whole truth. Kalapana has been sinking for many years, Which has been causing

the vanishing sands and wave washed palms Kalapana has been sinking at least

two inches a year, and at times it has sunk considerably more~ But the greastest

had been in 1924 when the eruption of Halemaumau caused Kaimu to drop 14 ft The

person who kept careful observation was the late Orin C Wilson There also had be n

another earthquake on November 29, 1975, that once again caused Kaimu to sink The

November 29, earthquake really did it t6 Kalapana this time During high tide
the waves would cover the road. This also cha~ Kaimu's ocean currents, Now

the wave ~ashes away the sand instead of washimg the sand to the nearby area

by Kaimu The county council thought that building a break water the erosion of the
sand mould stop Henry Kawaihae thought that the county would be wasting money

there would be more earthquakes and the break water could not stop the Kalapana

area from sinking which is enevitiable No-one knows if Kaimu will be there

for ever or how long will we have our beautiful- black sand beach But while we have

it, our publicspirited people and orgard,zations have put out an effort to improve

our reseeation areas Milding a break water would beve been costly and a temporary measur

Rr it is very likely that the land will continue to sink and the black sand

will be washed away by the never ending waves~
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NETHODS OF PROFILE GRAPHSo ~ ~ e ~ ~ ~ e ~ ~ ~

Exact locations of prafiles were determined during survey of Kaimu beach an 3 July

of 1975 ~ Each of these profile locations was then fixed by meany of marking

coconut trees two meters above the sand level at berm level  At times we wauld

go dawn to Kaimu to check conditions of the beach! At this time July 1975

the berm was well beyond the reach of waves>

There are a toyal of four profile locations; Since Kaimu beach is

in essence, two beaches seperated by a headland, the distance and the distincprofiles

are not indicative of ane long expanse of beach surface, rather two profile locations were

fixed on each beach For exact locatians of profiles refer to figure 2

Fram July to Navember a total of nkae days were spent obtaining

profiles are graphed in figure 3, The dates af profile taken are colormoded

for easy references;

Julyo ~ o e o ~ e ~ e @Pink

Jul 17 ' , ~ ~ 0 ~ ~ ~ ~ ~ 0 ~ ~ +Green

Jul31!o ~ o ~ aea ~ ~ e ~ ~ sViolet

Aug 14 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Blue

Sep 30oo ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ +orange

Nav22+ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ <black

All dates 1975 circles in profile lines on the graph are points where measurements

were taken alang the surface Vt beach
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TO GRAPH PROFILES:

First change meters   on distance measurements! to feet, A calculator is handy

for this Use graph paper with six squares to the inch Scale should b«about

1 inch equals 10 feet,   This way the graphed profiles profiles will fit on 8 inch 11

inch paper! ~ Begin at left hand margin and start, with shore measurement~

Example: It is 14 7 meters from backshore to crest of berms in ¹3 and its rises 4

feet 6 inches Convert 14 7 meters to feet measure the distance off on your graph

paper, using the scale you have decided on Then measure 4 feet, 6 inches up

  vertically! fram that point and connect the top point with your beginning point

This will give you the slppe of tj.e beach Continue like this until profile

is completed~ You should come out with a diagram as the abaee
The December 5, 1976, beach profile is drown out in detail on the following

pages One site from each of the Wo beaches at Kaimu is used,
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PR0POSED KAZNJ BIACH EIOSZON CONTNK PAN

The United States Army Corps of Engineers has proposed an erosim control plan
fax the Big Island famous Kaimu Black Sand Beach at Kalapana~ Puna+

A 1,350 foot lang submerged breakwater across the bay would

lie constructed and a 100,000 square feet kf dry beach area would be developed~
The County, in the meantime, is acquiring the lots behind the beach for expansion of the
pa-rk~ Due to the slope of the land, the type of sand at Kaimu, and the volcanic

activity, any measure taken at Kaimu by county of I"ederal agencies would only
be of temporary mature~

It is our feeling that only such measure would be a waste of

public funds

B IBLIKRAi&1

I! ~ Baldwin, Helen- Kaid, Beach Sinking into Sea

2! ~ Sketch by Corps of engineers- Proposed Kaimu Beach Erosion

3!.3%rdem~aLarry- Kalapana is still sinking.

4!, Rood, 8~- Kalapana Sinking slowly down

5!, Sennetnan, Larry- Kalapana Coastkine is Sinking

6! ~ Qmeara, Patrick- Resaarch on Eaizu Project - 3/elped Gr-.
8'Oil1

7 ! Q bzlary Png~. Pahoa- >< ewspaper Art icle s ~
!
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OIL POLLUTION IN THE OCBN
by Andrew S. Simson, University Laboratory High School

Large quantities of oil is being lost every week as a result of oil spills.

Oil tanker accidents are responsible for the largest proyartion of the loss.

These accidents are due to poor navigation, poor construction of the ships, me-
hl RALf >

chanical ', and poor maneuverability. 'Ihe resulting loss of oil is serious

because we need all of the oil we can get and because of the environmental problems

which result, especially harm and loss of life to birds, fish, mammals, and other

sea life. In addition, coastal lands are damaged, ruining recreation areas, and

causing economic loss to businessmen. The solution to this problem is a more

concerned citizenry demanding laws regulating ship building, number of ships in an

area, and strict regulation of oil rigs.
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INTRODUCTION

In this paper, I am going to discuss the frequency of oil spills, particular-

Ly from tanker accidents, the causes of those spills, environmental, social, and

eumomic effects and the need for legislation to prevent further oil spills.

I surveyed major books, magazine articles, and newspaper stories for current

discussion of this problem. Ny paper presents a summary of the major issues and

racosmends a solution.
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OIL POLLUTION IN THE OCEAN

Late on the night of August 9, 1974, a two hundred thousand ton oil tanker

known as the Metula, was making her way through the Strait of Magellan headed

for the Chilean coast. She carried one hundred and ninety four thousand tons

of Arabian crude oil. She was making nearly her full speed of fourteen and

a half knots. She rode the back of the flood tide. With all this momentum, she

ran herself on a high shoal known as Satellite Patch. All at once, thousands of

tons of oil began pouring out of her hull causing a huge oil slick.

If Metula had gone aground off some densely populated area there would have

been all kinds of environmental fuss about it, but since it happened away from

the general public, it did not get the notoriety it deserved. She deserved a lot

of notoriety because when she  the Metula! finished spilling, she had spilled

fifty three thousand five hundred tons of oil into the sea.

Scientists that were hired by the oil company said, uThere was not much

damage done." This is hardly the case. The U,S. Coast Guard made a search of

the entire area and found that much environmental damage was done. For instance,

there are many penguin nesting grounds on the coast of the Strait of Magellan.

Hundreds of them were found dead, soaked in oil, not to mention the flying birds,

1fish, and other marine organisms either killed or damaged by the oil.

Another example of oil spills caused by oil tankers was the Toy Canyon. OnR,

March 18, l967, she became one of the more than 250 ships to get stranded off the

Skilly Isles. On a clear day just before eight o' clock, she drove herself 4 full

speed of seventeen knots onto Polor Sock, largest of seven shoals in that area.

Before all the law suits and complaints were over, a number of seldom used

words such as, "environment" and"pollution" were used.

This is the first time that people could see the environment destroyed before

their very eyes, because 80-88% of the water bird population was destroyed in

that area. The kinds of birds to feel the largest impact were the Auks, Vaser

bills, Puffins, and Chiefysgullsenots. Over 10,000 birds were found dead on or



near the Skilly Isles. Tory Canyon lost her whole cargo, about twice what Metula

had, this making her the largest and most destructive oil spill in the history

ofman

On March 3, 1968, the Ocean Eagle, an 18,250 ton oil tanker grounded in

San Juan Harbor, Puerto Rico. Then she broke in two and spilled the entire

load of oil into the sea. The fact that American beaches and shores are so

close to Puerto Rican shores made this disaster big and immediate, So now the

people of America were crying those unfamiliar words, environment and ecology,

too. The American people were showing that they not only care about their

living space as a tool to better their own lives, but also as a resource to

hand to future generations reasonably intact.

Six point one million tons of oil are spilled into the oceans of the world

each year. Of this two point one million tons are from oil tankers. The other

four million tons come from other sources such as off-shore drilling, run-off,

or just plain dumping. As to dumping, two hundred thousand tons of oil are

dumped each year when the tanks are being cleaned; they simply fill the oil

tanks with salt water, wait until the oil comes to the top and dump it back

into the sea.S

Another way oil spills occur is by off-shore oil drilling. On Tuesday,

January 18, 1969, in Santa Barbara channel an oil rig well, number 21 had a

blow-out and a massive mixture of oil and natural gas came pouring up the

drill pipe. Then another oil well on the same platform blew up while the

drill bit was being extracted. A concerned group of citizens of Santa

Barbara had tried to stop the drilling in order to preserve the channel's

scenic beauty and what they were certain was a threat to the environment.

They protested that the channel bottom was unstable and earthquake prone and

that the oil had been coming up naturally for so long that
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early mariners had used the oil slicks as navigational aids. But no one listened

and look what happened, the most devastating oil pollution problem in American

history. "Drilling in Santa Sarbara channel was a goof," said one of the founders,

Alvan C. Wengand. Oil companies spent millions af dollars to clean up beaches,6

birds, and water, but these disasters dramatize man's increasing abuse of the sea,

More oil spills are occurring every year due to cheap building of the ship' s

structure and engines and the fact that maneuverability is so poor. The hulls of

the largest ships are a mere 35 mm thick. Not only is it easy for the hulls to

crack when hit on rocks, but when there is a storm the pressure is so great that

the hulls crack by themselves. Super tankers are the largest moving things that

man has ever built or probably ever will. The maneuverability of these largest

of ships is very poor causing many collisions. A 200,000 ton tanker when fully

1oaded takes more than twenty-two minutes or a distance of three miles to stop.

Most oil tankers' engines are steam engines, with a single boiler and a

single propeller; this type of engine is used instead of the regular diesel

engine because they are less expensive to buy and easier to automate, which

means there are less crew members to pay. The major reasons oil tankers get

stranded is that their engines break down. Such was the case for a fully loaded

40,000 ton tanker, the Simfonia, who lost steam six miles off Danger Point near

Cape Aguthas. She was at the same spot where another tanker, the Warfa, had gone

aground just six months earlier. This meant that if the Simfonia were to go

aground too, the water birds, penguins, and seal population would have to suffer

the killing effects of oil within just six months, not giving them enough time

to recuperate.

Flooded engine rooms are the main cause for engine breakdown. According to

the Tanker Advisory Center in New York seven tankers suffered from engine room

flooding in 1974 and even more do now. Another cause for engine breakdown is
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believed to be the variations set up by the long hulls and the fact that oscil-

lations can cause severe overstress and cause the injector pipe to rupture.

Very little is known about the long term effects that oil has on the sea.

The short term effects are: it kills living organisms, it hurts businesses,

fishing industries, hotels, and sport fishing, and it destroys the livelihoods

of many people who depend on the sea as a sourCe of food. All cmice oil is

poisonous and the sea can take just so much poison before it dies. 'the sea

is by no means a delicate structure but, nothing lasts forever. The sea can

biochemically absorb some oil but it is not known how much oil. Some scientists

say that the sea will keep on absorbing the oil without it making any difference

and then some say that this is false and that the sea can't take any more and

that if we continue to pour oil into the ocean it will die never to recover?

When an oil tanker spills in the middle of the ocean somewhere, it appears

that after it is cleaned up that there was no damage done, this is false.

Little living organisms known as phyto and zooplankton are killed when they hit

the oil slick. Many kinds of fish and sea mammals eat these small plants and

animals who either die or pass it on to their offspring which might be caught

by fishermen. This is one reason there is an increasing amount of mercury in

the fish we eat. Phytoplankton makes up a large portion of the oxygen we need

to breathe.

When an oil tanker spills oil, there are many ways to clean it up, but the

newest and most effective was recently tested by the Coast Guard. They use a

cutter, a helicopter, a floating barrier  the high seas state oil containment sys-

tern! and a pump. A 126,000 gallon recovery barge is used to hold the oil after

it is pumped up. 1he way the system works is the barrier surrounds the oil and

the pump sucks it up and pumps it into the barge. The helicopter is used to carry
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the equipment to the spill. The new way eliminates the problem of what to do

with the absorbent material after they have sopped up the oil. This system is

now being used to clean up a 7.6 million gallon spill off Nantucket Island.

The solution to the problem of oil spills lies in legislation. Laws must

be made to preserve our coastal zones. In particular law restricting the

number of ships in one area, because collisions are a big cause for oil spills.

Laws should be passed on how ships should be built, because they are very poorly

built considering the dangerous cargo they carry. Coastal zoning must be strict,

because off-shore drilling causes spills that are often unnoticed. Many people

are unconcerned until the oil affects their lives. They should become concerned

before it affects them.
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COASTAl ZONE MANAGEMENT: MWO SHOULD MANAGE AND WHY
by Susan M. Anthony, Campbel1 High School

INTRODUCTION

Coastal zone management is one of the problems facing hawaii seeing

as we have a lot of land in the coastal zones. I feel that the people should.

have the right to say what, happens to our shores. Personally I feel that

most of it should. be preserved for the public a.s parks and recreation areas.

I don't think that hotels should be able to section off a part of the be-

a,ch for visitors only. I also have a stand. on the buildings that are along

the coast, I feel that they should be limited to only 2 stories because they

ruin the sight of our islands they destroy the landscape and. view of the nat-

ural Hawaii.

In the past the residents of the islands have not been asked. aa to how

they feel the coast lines should. look. I also feel that this is an injustice

to the resid.ents of the coastal lands, because they don't have a say in what,

is happening to their land,

I feel the poteintial for the coast lines is a very different and. un-

usual thing for the future I feel that the coast can be developed into

an. area of great .importance in the future. The coast linea contain such

things a,s beaches, corals, precious corals, sands, and many of our reef

fishes and. animals etc. Which may be essential to our life in the future,

Ny reasons for research are that I feel the coastal areas are ind.-

eed imprtant and I wanted. to find. out more about them so I cauld. understand.

the reasons for decisions made regarding them. A1so I am quite disgusted,

with some of the deci,sions that have been made and want to know why such

things were so important and why.
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The issues which face Hawaii today have alot to do with the coast

and. it potential for the future also it's recources that we can use now.

One of the issues today is one of the height restrictions of buildings,

another is who should. use the beaches and. who should decide what to do with

them. h problem which I feel is nessessary to solve is one of shuld. hotels

have the right to section off a part of the beach for it's customers.

%ho should, say what is done with the beaches, E ssy its the people.

The ultimate power rests with the people,

I asked. several people what they thought of the problem of coastal

zone management, how they felt about it, what was wrong, and. how it could be

improved.. Also who they think should. decide what is to be done with the

coast lines.

I also went to the library and. found. articles in the newspaper about

how many of the decisions were made and. who made them. I also found out

about groups such as Life of the Land and what stands they had in such matters

also what they did about the decisions tha,t they didn't like, sometimes the

decisions were reversed because the peopke stood. up for what they believed

in. I reasearch how the people could. go about changing some of the deci-

sions that they feel are unfair or just wrong. Most of my work is on how

I feel and on the opinions of other people who live on the shores and. who

use them for surfing, sailing, swimming etc. I got some of my ideas about

how people could change deci sions already made form the constitution of the

United. States also by talking to social studies teachers etc.
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RESULTS OF RlKRLRCH

I have found. that many people think that they should, have the right

to say what happens to the places'tkxgf,'3rLvo en use. ~Hing.4kt'0 Axe.!;tLlhatt~y

can change decisions that have already been made. Many don't realize what

is happening to the environment around them. Take the case of Kahe beach

park. It was decided. to build an outlet to the electric plant waste off

shore, the people didn't know anything about it by the time the found. out

construction had. alrealy started. The surfers and Life of the Land. fought

against it and. a n alternative was found. so that they didn't have to ruin

the surfing area, I found that the people have rights which allow them

to protest any decisions they feel are worng i! the right to protest

2! the right to public assembly 3! the right to freedom of the press

4! the right to freedom of speach etc. These things can help people voice

their opinions if they feel they are right and are willing to follow through

with their protests, There arc 0<4%%' things which people can do to try an

reverse a decision they can write the person who made the decision and

find out their reasons, also to tell them how they feel about it.

Many of the newspaper articles that I have found. have said how people

have changed. certain decisions.. Some of the articles stated that there was

no public resistance because the public did. not know what was going on.

I think the government should make it a paint to let the public know what

is happening tho the land. the live on.

Groups such as Life of the Land. are for the people they help the people

in and. with any fight to get what they want done with the land they live on

or use, They use certain tactics which make known their views and use legs,l
help to change anything they feed. is wrong. Most of the people who use the
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for recreational purposes agree t,hat our coastal areas are being mana,ged. un-
fairly and, that they could fingure out better ways of doing things. Not
nessessarily reversing the decision but changing the way of doing it to
benefit the people's One person suggested that within one half mile of the
beaches be left fox buildings only two stories high. Also that hotels not
be given permission to fence off the beaches but leave them open to the public.
Another opinion that, I got was that the " government has no right to tell
us what to do ", this opinion I feel is very strong but essentially right,
The rest of the opinions that I got favored the people having a say in what
is done with the coastal zone.

CONCLUSIONS AND RECOMMENDATIONS

l have come to the conclusion that the people feel that they should have
a say in what goes on but just d.on't know how to go about doing it. I

have also come to the conclusion that many people are unhappy with the way
things are being done and want to make a few changes. I feel that the

way we manage our coastal zones will determine our future and. the recources

that we come up with for the near future, or em@pie we could. grow algae
in the areas where nothing elase seems to be doing good., we could. then use
the algae for fertilizer, food., etc. That is one alternative to the problem
of what to do with land  ocean! that cannot support much life.

Anothex' conclusion that l have come up with is that the people who
are deciding what is to be d.one with the coastal zone don't care what

the public feels about this problem and. tha,t they'ed. just as soon take the
cheapest way out and that they feel our rights are unimportant.
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I feel that the people should have the right to mangae or at least
have a say in the manabgement of the coastal zones because that is the only
way to bring about a change and to insure a democracy in the way we do things
in our island. life. Also because if the people didn't have say they would.
feel planned upon. They would feel as if their rights and what they think

was unimportant.

X feel we should let the public have a say in the future of our coastal
zones because it is their future too and. we need. their opinions to help bs,lan-

ce things out so they weren't so one sided,

Below is a graph of how much power the people think that they should.

have, I think it will help to illustrate my paint.

3 -t 4'

pc~!
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SHORELINE PROTECTION: WHERE DO WE GO NOW?
by Robert P. Mumford, University Laboratory High School

INTRODUCTION

Coastal Zone Management, hereafter referred to as CZM, in this paper

represents the laws and guidelines set forth to preserve our coastal areas and

where possible improve these areas for the enhancement of scenic, aesthetic

and recreational uses, and to enhance the wildlife in these said areas.

As is plainly visible in the southern portion of Kaneohe Bay on the wind-

ward side of Oahu, poor management and bad planning in development has had a

very real and harmful effect on both the coastal and marine resources,

biologically, economically and sociologically. In 1969 a study was conducted

of the coral in Kaneohe Bay and the results were shocking. In the southern

portion of the bay, the area where the highest rate of development took place,

ALL of the coral was dead.

This one study alone proved quite vividly that before development, or any

alterations to the ecosystem takes place, it is imperative that planning for

the effect on the shore and marine environment take place. Without adequate

management and enforcement of such laws, wide spread distruction will take

place in our island chain.

This paper will deal with the present Shoreline Protection Act and find

out if it really is effective in its present state. If not, the big question

is: where do we go nowt
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The present Shoreline Protection Act was enacted in 197S as a direct

spinoff from the U.S. Coastal Zone Management Act. This Act was enacted into

law in 1972 as a measure designed to protect the coastal areas of the United

States. It offered to any state that was interested in planning for coastal

zone protection, program development grants, large amounts of monies to be

used for consultants and planners to do surveys and plan for coastal zone

management.

Through these Federal grants the Hawaii Shoreline Protection Act came

about. 1ts goal was to "preserve, protect and where possible, to restore the

natural resources of the Coastal Zone of Hawaii." The Shoreline Protection

Act of the Legislature of the State of Hawaii states that any development

should provide "Adequate access...to publicly owned or used beaches,

recreational areas and natural reserves to the extent consistent with sound

conservation principles." And that "adequate and properly located...wildlife

preserves are reserved. Provisions are made for solid and liquid waste treat-

ment...which will minimize adverse effects upon the special management area

resources'� " And finally, "Alterations to existing land forms and vegetation

except crops, and construction of structures shall cause minimum effect to

water resources and scenic and recreational amenities and minimize danger of

floods, landslides, erosion, siltation or failure in the event of earthquake."

Also, in relation to the water quality and life in the sea, it stipulates that

"the Authority shall seek to minimize, where reasonable...any development

which would adversely effect water quality and existing areas of open water

free of visible structures."

As a result of this Act boundaries were set up by each individual county

for their own coastal areas. These zones had to be filed with the State-by

December 1, 1975. With this deadline in mind the zones were rather hurriedly
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The question now to answer is: are these boundaries effective to uphold

the standards set up in the Shoreline Protection Act?

To answer this question we need to first identify the detrimental effects

and their causes that we need to protect against.

First, let's consider the natural causes of pollution and hazards to the

shoreline:

I! Rainfall and Run-off Hazards

In the Islands the Hydrological Cycle is very important to our

fresh water supply. This is highly evident on the Windward side of the is-

lands. Evaporated water in the air condenses quickly in the change of alti-

tude caused by the wind currents moving in an upward direction due to the

steep Pali cliffs.  Diagram 1! Because of this, there is a high rate of rain-

fall on the Windward side. With this high rate of rainfall comes a corres-

pondingly high rate of fresh water run-off. This draining water has a strip-

ping effect on the land causing topsoil to be carried off. This soil run-off

is then transported to the large streams that empty into the oceans surround-

ing our coasts. As is evident in the southern portion of Kaneohe Bay,

siltation, the soil run-off inta the Bay, has a very definite effect on the

coastal area and the Marine environment. Also, geological drags off the Ala

Wai stream mouth and the Pearl Harbor, Keehi Lagoon area shows that siltation

is effecting these waters also.

2! Currents and Wave Patterns

Again Kaneohe Bay is a prime example of currents and wave

action not being considered. Low flushing rates and low circulation of the

water causes siltation ta become cumulative. Great quantities of soil and

sediments "pile-up" on the ocean bed. This has an effect of smothering the

coral or bottom plants in shallow waters and making a shifting base that new
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coral or plant life cannot attach to, and. in deeper water it smothers the

nutrient product of the sea bottom.

The building of groins and piers has a definite effect on the

coastal area as is evident in Florida where competing hotels have built groins

out into the ocean to trap sand and build up their beaches. However, this

causes areas that are down current to be stripped of sand and a drastic in-

crease of erosion in these down current areas is the result.  Diagram 2!

3! Nutrient Supply in the Water

When considering any effect on the coastal area it must be

realized that there is a very fine balance in effect and that the addition of

nutrients into the system does not necessarily enhance the marine environment.

In an imbalanced system the "desired" marine creatures sometimes are unable to

utilize these nutrients, but the "undesired" marine animals can use them and

begin to tip the balance, upset the ecosystem and over run the area in great

numbers. Therefore, we must consider what we introduce into the system. It

must be realized that natural stream beds and flood plains, the area at the

mouth of a stream, filter out a lot of the silt and soil in the river caused

by run-off, and absorb, due to plant life in the stream and flood plain

utilizing nutrients, the excess nutrients that would overload the ecosystem.

So we must carefully consider how we change this balance.

Now let's consider some of man's introductions into this system:

1! Construction

Near shore construction has a very immediate and obvious

effect on the coasts. As was pointed out in the CZM goals, it will try to

"preserve, protect and where possible to restore the natural resources of the

Coastal Zone..." Therefore, any construction on the shoreline would be a

violation of this goal. If construction were to take place then protection
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must be implimented to prevent pollution of the Marine environment due to

siltation from run-off and change in the land and features that would cause

adverse effects to the Coastal area. Also, it should be mentioned that

construction can have a detrimental effect on our aesthetic en!oyment of this

area, which would violate another of the goals set up.

However, it should be realized that any change in the environ-

ment farther inshore could have an adverse effect on the Coastal area also.

As was pointed out earlier, streams carry run-off from higher ground and con-

struction away from the coast could sti.ll be detrimental to the coasts by

causing increased run-off to be carried into the streams and thus to the

shoreline.

Also, in a lot of cases alterations to stream beds must occur

for them to have the load bearing capacity for greater run-off. This, as was

stated earlier causes an increase in the nutrients and also an increase of

fresh water input into the seas which causes salinity to drop and possibly

make it impossibLe for some marine creatures and plants to habitate that area.

All in all any construction has a possible effect on the marine environment

which directly relates to the Coastal Zone.

2! Sewage

Sewage outfall is an important aspect to consider as it effects

the nutrient input, water quality, clearness, salinity, temperature, and

general acceptance by people for aesthetic reasons and en!oyment. Sewage

treatment, if handled properly could be an asset to the marine environment.

It could add to depleted nutrient supplies in the system and replace needed

chemicals that the ecosystem needs. However, if mistreated it could be a very

real threat to life in the sea and the coasts that it borders. Also, the way

i,t is dumped is very important. Studies have indicated that deep sewage out-
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fall has negligible effects on the marine environment and possibly even a

significant positive effect on the ecosystems involved. Here again it is im-

portant to consider the currents and wave patterns of the area to decide the

best possible choice of sewage outfall into our oceans.

3! Industrial Uses

Industrial use of the coastal zone must be considered a pre-

blem that must be resolved. The use of the oceans as a cooling agent in power

plants has an effect on the marine ecosystem as it raises the temperature of

the water by eleven degrees before reintroducing it back into the system.

Fish, being cold blooded, rely totally on the temperature of the surrounding

water for survival; also, pollutants are introduced into the water by such

use. Using stream or other ocean outfall for industrial useage can pollute or

harm existing life.

Harvesting of corals and other semi-precious objects from the

sea should be controlled as these are one-time resources which are unable to

be replaced once gone.

Structures by industries in the marine environment need to be

regulated closely. A recent example of this are the groins built along

Waikiki Beach onOahu that caused a drastic change in the distribution of sand

along the area and shifting of surfing spots due to changing sea beds. This

contradicts the goals of "construction of structures shall cause minimum ef-

fect to water resources and scenic and recreational amenities..." in the CZN

Act.

Now that we have identified some of the hazards to our Coastal Zone area

let's find out how well our present Shoreline Protection Act is set up to

handle these threats.

The present "Special Management Area," referred to as the SMA, is now de-
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fined as "the land extending not less than 100 yards inland from the shore-

line..." This is the minimum acceptable distance, but in many cases this is

all that is included in the SMA.

The SMA objectives are "the maintanance, restoration, and enhancement of

the overall quality of the Coastal Zone environment, including, but not

limited, to it's amenities and aesthetic values..." With this in mind, con-

sider the fact that the Department of Planning and Economic Development has

found that, "for many coastal resources and hazards, activities virtually any-

where on each island could cause such significant impact..." to increase

hazards in the SNA.

Therefore, it is realized that the present SMA boundaries do not meet

their objectives of protecting their regions. As an example of this, one of

the goals in the Shoreline Protection Act was to minimize "any development

which would adversely effect water quality, existing and potential fisheries,

and fishing grounds, wildlife habitats..." But any development on the island

will have an effect on the water quality and the coastal area due to the run-

off of water which can be transported from high inland areas to the sea in a

matter of hours.

Because of this fact it needs to be realized that anything that happens

to the inland areas of our islands has a direct effect on the waters and

shores around our islands.

As another example of this, let's take the example of the pineapple and

sugar cane agricultural uses on the island of Oahu. Although the area is as

far distant as 7 1/2 miles from the sea it still has a direct effect on the

ecosystem and the coastal area. Some of the detrimental effects are run-off

from the irrigation, irrigation tailwater, and also water from fields that

are being harvested that goes into the streams and rivers to be dumped into
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the ocean. Other causes of pollution from this industry include milling of

the sugar cane, cane washwater is produced that is laden with silt, ash,

trash and mill washwater. This washwater contains fine particles of sugar

cane that has a cutting effect on the corals and rocks of the sea bed creating

a virtual desert under the sea devoid of life. This effect is very apparent

off the island of Molokai. Also, harmful agricultural chemicals and risidual

fertilizers are washed to the sea. The cumulative effect is a multipoint pol-

lution center causing three points of pollution to be added to the ocean.

 Diagram 3!

A good example to consider is the California Shoreling Act. It has its

Special Management Area extend as far back as several hundred miles from the

shoreline because 4 the effects that it could have on their coasts.
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CONCI USIONS

The present Shoreline Protection Act is inadequate to properly protect

the areas that it is concerned with. It is apparent that the boundaries that

have been made are ineffectual in truly minimizing harmful effects on the

marine environment and coastal areas. As was pointed out the boundaries need

to be extended as far back as the highest point of land, due to the quick

rate of run-off in the islands. As was shown with the California Shoreline

Act, in some cases it is necessary to extend the SMA further in than just a

few miles.

It needs to be pointed out that no point in the island chain is farther

than 30 miles from the sea, and because of that fact it would be necessary to

extend the perimeter of the Special Management Area to include all of the

State, instead of just a small portion of it. Reasons for this have already

been stated, and it should be recognized that Hawaii is an exceptional case

for Coastal Zone Management and we have to treat it as such.

It has been suggested that the State adopt a Two Tier type of Coastal

Zone Management program wherein the first tier be the boundaries set up by the

counties, able to be changed at any time. The enforcing party for this tier

would be the separate counties who will issue permits for any projects within

their areas. All County and State rules and regulations, guidelines and ob-

jectives will be enforced in these areas.

The second tier of this proposed program will be all areas not included

in the Special Management Areas set up by the counties. However, the State

will be the enforcing agency and all its rules and regulations will only apply

to Federal or State funded projects in that area.

There is a basic inconsistancy with the proposed plan and the goals that
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it has set up to follow in the Shoreline Protection Act. It has been shown

that all of the State of Hawaii needs to be included in the SMA, and that all

projects can effect our shorelines. But, if this two tiered program is

enacted, then many activities will take place that could still be harmful to

the coastal area.

However, the Two Tier program is a good one in that it invites public

participation and county involvement in setting up the areas that they wish to

protect. I think that basically the Two Tier program is an exciting innova-

tion in Coastal Zone Management, but we need to include all activities in the

second tier subject to rules consistent with sound conservation principles.

Also, stricter enforcement of rules and regulations is a must for the

CZM program to work. It is necessary to keep in mind the goals that we wish

to obtain in regard to our Coastal Area and we must work in that direction

with changes when necessary.

Right now Coastal Zone Management is on the brink of taking a step in

the right direction as regards the new bill being drawn up with the two tier

program in mind, but change is continuous and must be constantly proded by

concerned citizens who want a better shoreline.
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TME KAME ELECTRIC PLANT
by Minda L. Diamend and Sarah E. Kennedy,

University Laboratory Migh School

The Hawaiian Electric Company proposed, in 1975, to add a fifth

unit to their power plant, which is located at Kahe Point, No one

opposed. the building of the unit until construction had already begun.

At that time the Nanakuli Surf Club realized that building the out-

fall for the fifth unit would, result in the loss of a surfing site.

They filed. a suit against Hawaiian Electric and. obtained. an injunc-

tion to halt temporarily all construction on the unit ~

After a month of meetings and proposals by the Nanakuli. Surf

Club and. Hawaiian Electric, and. agreement was reached. out of court.

Work on the unit was then resumed and the project completed in

January of 1976.

This is a classic example of Shoreline Managment problems.

Introduction

This paper concerns .he fifth unit which the Hawaiian Electric

Company recently added to their Kahe electric plant, which is located

near Nanakuli.

In the main body of the paper we discuss the salient points in

the controversy which plagued the project soon after construction

had been started..

We interviewed two people who had been involved in some way

with the controversy: one from the Electric Company and. the other

from the Environmental Center at the University of Hawaii. We were

also aided by several newspaper articles.
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The Hawaiian Electric Company is currently operating an electric

plant at Kahe Point, near Nanakuli, which supplies approximately

one-third of the electricity for the island of Oahu.

Kona wind blowing, the fumes are carried towards the Waianaes, the

surrounding area of which is relatively uninhabited..

Up until 1976, the power plant was operating with four units.

In irder to operate the plant, water was taken into the plant at

the shoreline and, after going through the plant

and cooling the system, it was discharged. at the shoreline.

Located. near the discharge area was a small keiki surfing

sit, which beginning surfers frequented, The shallow sandy bottom

made it easier for beginners.

In late 1975 the ElectricCompany decid,ed that a fifth unit

should be added to the power plant in order to cope with the in-

creasing number of people on the island. The new fifth unit, which

would, have a new cooling system, would. increase the rate of water

pumped from 298,000 gpm to VA3,000 gpm.

When Hawaiian Electric first applied for permits to build the

fifth unit, they proposed to leave the water intake and. discharge

at their present location. The Federal Environmental Protection

Agency outlawed the dumping of warm waste water directly into shore-

line water, as the water discharged would be 10'warmer than the

ocean temperature. They felt that the water should be discharged.

through pipes out into the ocean at a 00 foot depth. The present

discharge had. already damaged ~ acre of coral, and it was speculated

tha t with the added. fifth unit, three acres of coral would be

damaged and ultimately the coral would cU.e.

But studies done by Hawaiian Electric showed. that this would

eventually happen to the coral with the present power plant. The
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studies also statecL that, there woulcL be no great harm d.one to:.'ish be-

cause fish should be able to escape any such desyructive conditions,

The studies found that fish would. be killed only if they were not

able to escape the thermal plume, or if they grew accustomed, to the

warmer water, and then suffered. cold.-shock if the discharge were to

be temporarily discontinued.3

Hawaiian Electric maintained, that the expencLiture would be too

great using pipes to such a depth, as the estimate taken on cost and

effects was evaluating the value of coral at the highest price of

land in Waikiki.. So the company proposed to lay pipes to a, 20 foot

depth.

The Environmental Center at, the University of Hawaii which had.

been keeping an eye on the Kahe project flet that one of the major

concerns was sand displacement. Because the intake of water was

right on the shoreline, a certain amount of sand, went through the

system and was deposited back on the shore by the onshore discharge,

The Center felt taht it should stay this way, mainly because if the

the discharge pipes were too long, the currents would not be able

to bring the sand back to the shore, and it wouldn't circulate.

The center suggested that the length of the pipes be limited. Then,

upon further studies, they found. that the sand which went through

the system was very fine, and it didn't contribute to the beach in

any substantial way,

Upon studing the possible effects upon coral, fish, sand,, and

the like, the Environmental Center concluded. that no real harm would

be done by operating the fifth unit, and advised. that the intake

and discharge areas remain at the shore. Mr. Cox, a spokesman from

the center, speculated that building long pipes would, add on to

everyone's electric bills.5
Finally, Hawaiian Electric and the Environmental Protection

Agency agreed that the intake of water would remain at the shoreline,

and the discharge would. be done through pipes which were out to a

20 foot depth.

Hawaiian Electric securecL all the necessary permits, and. held

hearings, the main one was held in Makakilo, to which no one from

the public attended, and nothing was said against the addition to the
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power plant.

Construction started in January, 1976, Then, in April two

surfers, James "Bird" Nahelone and J. Tek Yoon, who were representa-

tives from the Nanakuli Surf Club, filed, a lawsuit against Hawaiian

Electric stating that the Kahe Plant would. destroy a prime surfing

site. They also charged that the Environmental Protection Agency

and the Department of Health issued permits for water pollution with-

out preparing an Environmental Impact Statement, which is a require-

by law under the National Environmental Policy Act.

The Environmental Protection Agency and. Hawaiian Electric had

agreed. that the pipes must be out at least to a 20 foot depth. But

in late April, Hawaiian Electric consultants found that the pipes

wouldn't be laid. to a significant depth, so an April 21, 1976, Hawaiian

Electric requested a change in permit so they could put in pipes out

to a depth of 27 feet. At the hearing on the 21st, twenty people

attended and testified, against the pipes, saying that they weren' t

wanted at all, and once again stated that the construction of the

deep water outfall would, ruin the surf site. ln spite of thie,

Hawaiian Electric received the permit.7
On June 15, 1976,with work on the fifth unit 40/ complete, Fed.�

eral Judge Samuel P, King ordered a complete halt on all construc-

tion until either the Army Corp of Engineers filed an Environmental

Impact Statement, or Hawaiian Electric and the Nanakuli Surf Club

could reach an agreement out of court to settle,

Hawaiian Electric fought the injunction, stating that the com-

pany was required, by law to constructthe project, but the halt remaine d

in effect.

Judge King indicated to Hawaiian Electric in a later ruling that

unless an agreement was made, there would.'be reason to issue a perma

nent injunction which could. delay construction for as long as 17

months. This was in spite of the fact that the judge had. "grave doubts"

that it was the "appropriate" remedy.

It was costing Hawaii, an Electric $10,000 every day the injunction

remained. valid., so they tried. to settle out of court. It would. take

the Corp of Engineers at least six months to file an Impact Statement,

and. construction could not resume until the statement was complete,

resulting in a high loss to Hawaiian Electric.
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Various proposals and, counterproposals made resulted only in

disagreements. Some alternatives proposed. by Hawaiian Electric were

to license surfers and surfboards; provide free transportation from

the Kahe surf site to other surf sites in the surrounding area;

improve surfing equipment and techniques; all of which would aM

to current electric bills.

Finally, on July 9, after three days of trying to reach an

alternative solution to a permanent injunction, Hawaiian Electric

Company agreed to build. an artificial surfing site, the first to be

built in Hawaii, or give $250,000 to the Department of Parks and.

Recreation for making improvements on surfing sites along the Wai-

anae Coast, between Barbers Point and. Kaena Point.

The agreement called, for the construction fo a 200-$00 foot

articial shore which would be about 50 to 100 feet from the seaward.

wall of the water discharge systems basin. The waves created by the

shoal would. accomodate from five to ten surfers. Hawaiian Electric

agreed to spend, up to $250,000 to construct it, Hawaiian Electric

said that it must obtain all the "necessary government approval,

consents and. authorizations by October 1, 1976." If this was not

possible, Hawaiian Electric would then give the $250,000 to the De-

partment, of Parks and. Recreation in ten yearly payments of $25,000.

The agreement was as such because in building the shoal, Hawaiian

Electric would. use their existing trestle and equipment, which was

already at the Kahe plant, The trestle had to be removed. by late

December beause of the normally heavy surf in that area during the

winter. If Hawaiian Electric were to build. the shoal without the

use of the trestle and. equipment already there, the cost of construc-

tion could, climb to $one million. Last in the agreement was the pro-

vision that Hawaiian Electric would not be responsible for the up

keep of the shoal, should it be built.
ll

Moffat and. Nichols Engineering firm was hired. to design the

shoal, with James "Kimo" Walker heading the design, for a fee of

$00,000.
In exchange for Hawaiian Electric's construction of the shoal

or giving money to the city, the Nanakuli Surf Club dropped their

law suit against the company. Judge IQ.ng then revoked the injunction
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and. on Saturday, July 10, 1976, work was resumed. for the first time

since June 15.

The d.esign committee drew up a plan for an artificial shaal,

and, the Army Corp of Engineers filed. an Environmental Im-

pact Statement on it.

A hearing was then held, where it was found that no one would

be responsible for the upkeep of the shoal. It was not in the agree-

ment for Hawaiian Electric to maintain it, and. the Nanakuli Surf

Club had. neither the resources nor the funds to do such. Because

of this, and, because Hawaiian Electric was denied. a permit by the

State Board of Land, and, Natural Resources, the Army Corp of Engi-

neers stated that the artificial surfing site would not be built.

Hawaiian Electric Company then offered. the $250,000 to the De-

partment of Parks and. Recreation, but so far the money has not

been accepted.

The Kahe power plant is a specific example of economic use

versus recreational use. Another example of this conflict is the

building of the reef runway, which was constructed because of the

problem of runway congestion and. take-off over densely populated.

areas on the one hand, versus a prime surfing site on the other.

Currently, the shoreline management boundaries encommpass

such a small area that it really doesn't help solve such conflicts.

What is really needed is a larger boundary, which will aid. in solv-

ing similar conflicts, and. perhaps preventing others from gaining

the magnitude that the Kahe Plant controversy cLid.
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mumm and. Conclusions

We feel that the added. fifth unit was an essential addition to

the Kahe power plant. It provided a needed supply of electricity

for the increasing number of people on Oahu.

We also feel that the surfing site, which was the center of all

the controversy, was not a major surfing si.te; it was used. mainly by

beginners, and from our studies we found that the number of regular

surfers at the Kahe surf site was minimal.

Nr. Cox from the Environmental Center at the University stated.

that no one can really improve a surf site, or any natural environ-

ment for that matter. We agreee, because once you start trying to

change nature it usually just ends up getting messed up. We also

think that HECO should, keep the $250,000, as their offer of money

to the city appears to have been a purely political move. Then the

company could. make improvements such as tables, restrooms, etc.

themselves.

The most important point in our paper is the conflict between

an economical use of the marine environment versus a recreational

use. Perhaps if shoreline management could be applied more fully,

similar circumstances could be avoided, or at least any differences

could be solved, before construction is started. SheuM "onstruction

be started, it always results in a loss to the company who is heading

the construction, as was the case with the Kahe plant.
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THE UTILIZATION OF ZOOXANTHELLAE PHOTOSYNTHATE IN
THE DEVELOPMENT OF THE CORAL P. OAMICORNIS

t t tt.t,t tl lt till

Abstract:

The imp'ortance of the utilization of the products of zoox-

anthellae photosynthesis by the larval and adult stages of the

coral P. damicornis was studied. Protein concentrations and the

uptake of radioactive carbon in the larval and adult stages of P.

damicornis indicate that the adult coral is more dependent on

zooxanthellae photosynthesis for a source of nutrients than the

coral larvae. The larval forms of the coral seem to utilize

stored energy sources for metabolism.



Introduction~

Endosymbiosis between zooxanthellae algae and the coral P.

damicornis has been studied since the 1.920's by Rdmundson �., 2!.

Zooxanthellae algae are spherical dinoflagellates 8 to 12 microns

in diameter. They are found intracellularly in the gastrodermal

cells of the adult host in groups of 3 or less. Little. is known

of their biology as free swimming dinoflagellates or of how they

infect host tissue  8!.

t-

ing of small fine branches. The adult coral colonies are com-

prised of coral polyps living in a protective skeletonal matrix.

The adult polyps obtain nutrients by capturing plankton from sur-

round.ing waters and absorbing products of zooxanthellae photosyn-

thesis ss they are released by the algae. The utilization of the

products of zooxanthellae photosynthesis by the adult coral has

been studied extensively by Muscatine �, 9! .

The adult coral reproduces sexually and asexually. AsexuaL

reproduction through budding forms new polyps. Sexual reproduc-

tion through gametes form coral larvae or planulae. These larvae

are capable of creating new colonies through continued budding.

Planulae of P. damicornis are free swimming organisms approx-

imately 1..$ mm in length. The larvae are club shaped, with clus-

ters of zooxanthellae cells arranged in rows on their bodies.

The planulae settle in 3 to 18 days, and do not feed during this

period �0! . Research on the symbiotic relationship between coral

planulae and zooxanthellae has been done only on the observational

level by Zdmundson �, P! and Harrigan  ~>!.
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Problem>

The symbiotic relationship between zooxanthellae algae and

the coral P. damicornis will be studied in. the following areas:

1! the importance of the utilization of the products of

zooxanthellae photosynthesis in the growth and development of the

coral P. damicornis. The significance of the translocation of

nutrients from algae to the coral will be studied in the larval

and adult stages of P. damicornis ~

2! the effect of a dark environment on the coral P. dami-

cornis. The growth and development of the coral will be studied

as affected by the loss of' zooxanthellae photosynthetic activity

in a dark environment.

3! the uptake of radioactive carbon by the zooxanthellae in

the planula and. the adult coral. Photosynthetic activity will be

studied through the uptake of 14'C in the coral.

0! the distribution of the 14'C in the biochemical fractions

of the adult and larva of' P . damicornis. The utilization of' the

products of zooxanthellae photosynthesis into biochemical nutri-

en4s will be studied in the planula and adult.

Procedures:

Adult coral specimens of' P. damicornis were collected from

Ala Noana reef'. The collected corals were placed in two unif'orm

tanks. Water circulation between the two tanks was created

through the use of pumps. Aeration in the tanks was also provided

to create strong water circulation. One tank was subjected to a

24 hour dark environment by placing it in a dark box. The other

tank was subjected to a 11 hour day, 13 hour dark environment.
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A glowlux lamp was used to provide illumination.

Planulae were obtained from the coral heads in the light en-

virorunent as soon as they were released. Planulation was also

induced by leaving coral heads in stagnant water or water with

strong agitation. For light and dark experimentation, planulae

were placed in 600 ml beakers with 500 ml of filtered sea water.

The planulae were then subjected to the same environmental con-

ditions as the adult coral heads.

For the radioactive experiments, branches of adult corals

and free swimming planulae were incubated with NaH CO3. In the

light experiments, the polyps and planulae were incubated for 20

hours under the illumination of a glowlux lamp. In the dark ex-

periments, the coral polyps and planulae were incubated. for 24

hours in a dark box. The polyps and planulae were incubated in

600 ml beakers with 499 ml of filtered sea water plus 1 ml of

sterile H20 pH 9.5 containing 20 microcuries of NaH C03.

Branches of adult corals and planulae under the experimental

conditions were analyzed for protein concentrations following the

Lowry Method for total protein �!. The number of polyps and

planula used for experimentation was determined in order to re-

late the protein concentrations to the individual coral.

The coral branches and planulae incubated with NaH CO~ were+

studied for the uptake and distribution of >4'C. The radioactive

procedures used followed the fractionation procedures for small

amounts of radioactive tissue as described by Lenhoff and Roff-

Inan �! .
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Data'

Fig. 1. The graph shows the concentrations of protein in two
corals. The corals were placed in a semi-dark environment for two
weeks before experimentation. Both corals were exposed to a light
for 20 hours before the first experiment  Day 0!. The coral in
the dark environment shows a continued decrease in protein concen.�
tration. The coral in the light shows continued high protein con-
centrations.
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Pig. 2. The graph shows the concentration of protein per
polyp in two corals. The corals were experimented upon one day
after removal from the reef. Though there seems to be a varia-
tion in the concentration of protein in different coral heads,
the coral in the dark continued to lose protein while the coral
in the light increased slightly in protein concentration.
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Fig. 3. The graph shows the relative uptake of radioactive
carbon in the free swimming and adult stages of the coral P. da-
micornis. The uptake is measured in the number of radioactive
particles copnted per minute by a binary sealer. There seems to
be greater >'IC uptake in the adult coral than in the planulae.
Both planulae and adult corals show less uptake of >~C under dark
conditions.
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Fig. 5. The graph shows a comparision between the concentra-
tion of' protein in both the larval and adult stages of P. damicor-
nis. There seems to be a higher concentration of' proteron xn the
larval stages than in the adult. The free swimming larvae have
360 to 500$ more protein concentrations than the adult, The low-
est protein concentrations in the larvae seem to be in the 2 week
old settling planulae. However, protein concentrations are still
240 to 35@ higher than those of the adult.

30

Free swimming 2 week plan-
planulae. 0 ulae and 3
to 3 days old. week polyps.

Adult corals - 1
day after col-
lected from reef

Fight 6 ~ The graph shows the protein concentrations of free
swimming planulae. The planulae in both the light and dark envi-
ronments show a general decrease in protein concentrations with
age. The planulae in the light decrease faster in protein con-
centration than the planulae in the dark.
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D iscussion~

The protein concentrations of the corals in the dark envi-

ronment were lower than the protein concentrations of the corals

in the light  Pig. 1 k 2!. The data seems to indicate a correla-

tion between protein concentration and the amount of light the

corals receive. This suggests that the loss of zooxanthellae pho-

tosynthesis in the dark is responsible for this decrease.

The lower protein concentrations in corals in the dark may

may be due to two reasons. Researchers have found that coelen-

terate hosts may digest zooxanthellae when they are starved or

when the algae no longer provide nutritional benefit  8}. The

loss of photosynthetic activity by the zooxanthellae under dark

conditions may cause the coral hosts to digest the algae. In

this process the protein in the zooxanthellae may be broken down

by the coral into amino acids.

The loss of zooxanthellae photosynthesis may also hinder the

coral host from synthesizing proteins. With the loss of the sup-

ply of nutrients from zooxanthellae the coral may utilize its

other sources of nutrients solely for metabolism. The develop-

ment of the coral host may then be hindered by the lack of ade-

quate nutrients for protein synthesis.

The uptake of C in the corals in the light was higher than

the uptake of C in the corals in the dark  Fig. 3!. In photo-
synthesis, carbon in the form of carbon dioxide is utilized in
the synthesis of glucose. The higher uptake of ~ C of corals in
the light suggests a higher uptake of carbon in general. Thus,

the uptake of C in the corals suggest photosynthetic activity.
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The distribution of <~C in the biochemical fractions of the

adult coral was found mainly in two fractions - the nucleic acids

and proteins  Fig. 4!. Because photosynthesis produces glucose,

and, not nucleic acids and proteins, a large portion of the prod-

ucts of zooxanthellae photosynthesis may be utilized for protein

synthesis and production.

This data seems to correlate with the low protein concentra

tions in the corals in the dark. Both protein and radioactive

experiments suggest that protein concentrations in the adult

coral is dependent on zooxanthellae photosynthetic activity.

The protein concentrations of the free swimming planulae

seem to be substantially higher than those of the adult  Fig. 5!.

The lowest protein concentrations seemed to occur in the 2 week

old settling planulae. However, the protein concentrations in

the settling planula were still higher than those of the adult.

The significance of the higher protein concentrations in the

planulae may be two fold. In the adult stages of P. damicornis,

the new polyps are developed through' budding, or through asexual

reproduction . The planulae of P. damicornis, however, are forms

of sexual reproduction. The planula is able to create a colony

of adult polyps through continued subdivision or budding. As a

result, the high protein concentrations in the planulae, both in

the free swimming and settling forms, may be necessary for new

polyp formation through asexual reproduction.

The general decrease in protein in the planulae in their

free swimming stages may be representative of the utilization of

the protein for metabolism  Fig. 6!. Because planulae do not ac-
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quire nutrients through the capturing of plankton �0!, the only

two alternative sources of nutrients are the utilization of prod.-

ucts from zooxanthellae photosynthesis and. the use of stored nu-

trient sources.

The higher uptake of 1"C by the planulae in the light indi-

cates photosynthetic activity  Fig. 3!. However, the uptake of

1~C in the planulae in the light was only 1VC of the uptake of

1~C in the corals in the light. If the uptake of 14'C is indica-

tive of carbon uptake in general, the lower uptake of 1~C in the

planulae may indicate lower photosynthetic activity of the zoox-

anthellae in the planulae than in the adult. Because of the low

C uptake, a distribution of the radioactive carbon in the bio-

chemical fractions of the coral planulae could not be determined.

A larger sample of planulae or a larger dosage of radioactive

carbon may be needed for an accurate determination of the C

distribution.

Because the low 1~C uptake by the planulae may be indicative

of low photosynthetic activity, the planulae may not rely heavily

on the translocation of nutrients from zooxanthellae for its de-

velopment. The decrease in the protein concentrations in the

planulae may indicate the utilization of protein as a nutrient

for metabolism as its stored energy sources, the carbohydrates

and lipids, are exhausted.

This hypothesis is supported. in observational studies by re-

searchers such as Edmundson �, 3! and Harrigan �!. They found

that although planulae in the dark cou1d not survive over extend-

ed periods of time, the planulae d.id seem able to survive for
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long periods of time without the products of zooxanthellae photo-

synthesis.

The increase in the protein concentration of the P week old.

polyps  Fig. $! may be due to an increase in zooxanthellae photo-

synthetic activity and the utilization of external nutrient

sources through the capturing of plankton. This increase in pro-

tein concentrations in the 3 week old polyps may indicate an

increased dependence on external sources of nutrients as its

stored nutrients are exhausted.

The greater decrease in the protein concentrations of the

planulae in the light  Fig. 6! may suggest a faster development

of the larvae. Although the amount of photosynthetic activity

in the planulae seem to be lower than the activity in adult cor-

als, some products of zooxanthellae photosynthesis may be util-

ized by the planulae. These photosynthetic products may cause

faster development of the planulae in the light environment.

Further research into the importance of the symbiotic rela-

tionship between the coral P. damicornis and zooxanthellae in

the development of the coral is needed. The effect of the loss

of photosynthetic activity on the concentrations of other bio-

chemicals in the planula and adult coral should be studied. Mea-

surements of the net photosynthetic rates in the planula and

adult coral should also be made.

Studies on the utilization of C in the planula and adult
10

coral are needed to study changes in the types of biochemicals

being synthesized from zooxanthellae photosynthetic products.

The separation of algae cells from the coral tissue is needed for
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the d.irect edvidence of' the translocation of nutrients from the

zooxanthellae to the coral planula.

Conclusions

The utilization of the products of zooxanthellae photosyn-

thesis by the coral P. damicornis seems to increase with age.

The planulae seem to rely heavily on their stored energy sources.

The adult coral appears to be more dependent on the products of

zooxanthellae photosynthesis than the planulae.
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CROWN OF THORNS: CORAL REEF KILLERS
by Linda M. Tao, Milo High School

IMTRODUCT ION

2h0'0,A|~, t fth

which inhabits the Endo-Pacific regions of the world.

This paper is about this animal, which has undergone a pop-

ulation exnlosion,and is destroying the reef building corals by

e~ting their polyps.

I am writing this paper because I feel this problem is re-

lavent to Hawaii. If the coral reefs of %he 14lands of Hawaii are

'.illed by these animals, it means reef life itself will cease to

exsist. All that will be left is a algal encrusted coral skel-

eton,and a few herbivorous fish, <hen only this is left~th8tl

means all the reef fish the people of Hawaii use for food will

be gone. Also the reef will not be the beautifully colored

underwater jungle it is now, but a desolate~almos4 entirely life-

less underwater desert.

Nay I apologize now if this paper seems out of date as to

the contents,but in gathering the research data foe it,the lat-

est materials the library had on the subject that I could find

on i'b were published in 1972. However,eventhough some of the

statistics are outdated, the basic facts remain.
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The coral reef is an underwater world all its o~. In

it live many beautiful creatures that make- their homes in the

living coral reef. Menpachi,crabs,vana,parrot fish, tfigger

fish, surgeon fish, shrimp, sharks,and a whole list of other ani-

mals,and plants inhabit this colorful world in a world.

Then suddenly this colorful living world becomes a des-

olate,algal covered graveyards Cora3, k3,13.ed by a preditor. A

starfish called the Qrown of Thorns

i'he Crown of Thorns Its scientific name is Acanthaster

H.ancii It can be up to 28 inches in diameker,but the aver-

age adult is 12-20 inches in diameters The amount of arms va-

ries from as few as 9>to as many as 23 '

The Grown of Thorns is the only known venomous starfish

Its spines are covered ~i'hh a vencm yrodickag skin. That's how

it got its name, Crown of Thorns. these spines can be 5 inches

long or longer.

We spines are very brittle and can break of easily in .a

wound. The venom causeb severe vomiting, swelling, faintness, nutnb-

nese, lethargy, extreme pain,and even paralysis. If these spines

are not removed quickly and. completely, secondary comp'lications

develop.

The starfish is well camoflagued against the colors of cor-

als and plants of the reef. The upper part of the starfish's

cbody disk, is colored by many different colors. Grays,fawns,with
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reds and greens predominating+ A bluish-gray, almost black hue>

colors the upper surface of the arms. ~he tips of the spines

are usually red or orange in color.

As mentioned in introduction, the creature'.s habitat is the

coral reef,and they can be found exposed at 1ow tide, or up to

depths of a 150 feet.

Before the population boom> the starfish was a relativly

rare creature of the reefs.

The <rown of Thorns'breeding season lasts about a month,

starting between January-December. However further research h~s

indicated thet it may last longer than it first appeared. to be.

During the breeding season, the gonads in both the males

and females enlarge to occupy a greater part of their bodies.

The starfish tend to gather in large groups during this periol.

A female t5at's 14 inches ih diameter,releases 12-14 mil-

lion eggs inta the water. The male then releases milky white

clouds af sperm into the water,%hit meek the eggs,and fertilise

them externally. The eggs then develop into microscopic free-

swimming 1arvae,which became part of the planktonic community.

In this microscopic world, they have may preditors,such as tiny

crabs,shrimps>crayfish,and also the coral polyps. These Xsxvae

are capable of traveling long distances depending on the wea-

ther and currents,

The larvae land on the coral reefs where more of then are

eaten by the polyps. The survivors however develop into infant

Crown of' Thorns which look like the adults. How long the larval
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stage lasts is not really 1mown,but is believed to be kind of

short.

~ing the first 2 years of life, the !mknile Crown of %horns

grows about $ inch each month. When they get to be 12 inches in

diameter, the are .ready to mate, It is believed that the older the

st~rfish gets the slower it growai Their life span is believed

to be 6-7 years.

As areas of coral are destroyed, the preditory pressure

on the larvae are lessened, thus more and more of the species

survive, with each breeding season.

When the reef has a normal balance of life, the coral poly@a

inter-relate with the Orown of Thorns with no problems. But if

the Crown of Thorns reach plague proportiona,it is logical to

assume that they would feed on the polypa solely, as they are the

moat readily available source of food.

The starfish seem to feed on all types of reef building

coral po+s. It sometimes is seen to eat 2 species of soft cor-

. 1  ~1!,b 0 t d th M~111 S, MF 11

fire corals.

The. starfish has no senaery system as we know it~ It has

no sense of sight and it is also probable that it haa no hearing

either. It seems to respond to vibrations during sonic tests~

Et does have a since of touch in common with man,and. appears to

respond to a pmMitive sense of smell. In tests, Crown of thorns

specimens were placed between a patch of living coral and a

patch of dead coral' The starfish headed for the live coral. It
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is possible that the starfish have some kind of cheiical re-

action to the stimule emitted by dead or living coral. %is:

however is still not known,

There is evidence that when they have devistated one potlatch>
of reef they migrate in masses to a fresh patch. Since the ani-

mals have no eyes,how they giudi themselves is a -my&tery.

The preditors of the Croaks of %horns include the coral pol-
yys,which eat the larvae,N~ea t~ik,a crustacean, which is red,and

looks like a miniature lobster. The Triton or' Trumpet Shell

 Charon 'a Trit nis!,the Helmet shell C*ssis Corn ta!,sharks which
now and then will eat the starfish who's venom seems to have no

effect on the shark. he coral shrimp H ocera e s!,. is
an elegant creature, which is about 2 inches long,and a pred-
itor of the Crown of ~horns' Xt inhabits the Xndo-Pacific re-

gion. ~hey are usually seen in pairs.

~ome authorities theorize that the plague is a cyclic phe-
nomenon. %is tean' Aha't starfish plagues like these, happen
every so often. But,if this is so,why then no legends od folk-

lore among the people of the areas infested by these creatures'P

Other authorities believe the plague is due to a fundemental

change in the ecological balance Another theory is the the

plagu~ is not a xert~i, occurance,but tha't i4 Ras been. Zbfl~eed

Oy 'Ran ~

The starfish plague could also have been caused by pollution

of the sea,yhkch reduces the preditory pressures on the species

during its early life. Pollution caused by industrial pollutants,

increase in drilling and transvortation of crude o9.l,and deve-
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lopment of petrochemicals,both organic and inorganic wastes.

Also the blasiing and dredging of coral reefs in certain areas,

kill the coral, which reduces the preditory pressure on the larvae,

The Crown of Thorns as stated in the introduction, inhabit

the Xmdo-Pacific regions. In the 1960's serious outbreaks of

the Crown of Thorns were reported in wldefy spread areas of the

Indo-Pacific region. The areas reported infested by the starfish

were, the Hawaiian Islands, across the Pacific to the Indian Ocean,

~d even to the Red Sea. U.S- Trust Territdries in the g'acific,

Fiariana,Caroline,and Marshall Islands,French Polynesia, Western

~amoa,New Caledonia, Papua, New Guinea, Solomon Islands,ghailand,

Phillipines,Malaysia,and Australia. In the Indian Ocean, the

~>aldive Islands near Ceylon, the Seychelles Islands off the coast

of Africa, also in areas of the Red Sea. See map on pg.6!

In their final ressort to the U.S. Dept. of the Interior,

�969!,the Westinghouse Research Labratories,who had survey teams

in the U.S. Pacific ~rust Territories,and the Hawaiian Islands,

required additional survey time to cnhiknue %heir 548dy of tahe

Hawaiian Islands. They were particularly concerned with a large

population of the starfish they found on Molokai.

ln 1970, Hawaii was reported to be an infested area, as seen

on the map on pg. 6,

"ome means of controlling the starfish are;hand collecting

of the starfish, killing of the starfish using an injector gun

containing formalin,fannhldehyde,or ammonium hydroxide which re-

moves any danger of pollution because amonia occurs naturally in

the marine enviroment!.
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before the use of injector guns, hand collection ea" used.

A sword-like instrument was used. to spear the animals. The divers

would surface with 20 or 30 starfish jammed onto the rod,and would

rut the starfish in the boat,to be taken ashore and buried. We

starfish die quickly out of water. They seem to dehydrate.

In 5.5 Trust 'Territories a team of divers are employed to

kill the Crown of %horns with injector guns. This has helped to

protedt the beautiful coral areas around Guam and surrounding

atolls.

In the Islands of Hawaii, hand collecting and injector guns

were used ~

~ome possible solutions to this problem that have been sug-

gested are:biological control using known preditors of the Crown

of Thorns,and produce them in controlled conditions to release on

the reefs! ~ 3ut before one can use this method of control, one

h~s to think about its effect on the rest of the inhabitants of

the reef. Yo~ don't want to solve one problem,and create an-

other

When sonic waves were experimented with on 8 Grown of Thorns

specimens, as a means of repelling them, after 30 minutes of eont-

inueaus transmitting,2 of the largest starfish died, After 48

hours of observation, the 6 small starfish suffered no ill ef-

fects. This experiment took place in a land based tank, in Aust-

ralia. To see if sonic wave barrier would work to repell the

starfish movement, further experiments would have to be done oh

the reef, because the closed in tanks distorted. the sound, and a

rure tone couldn't be found ~ Rut because of certaj,n ckrcum-
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stances, the experiment was never completed

CONCJUSION

In this paper I have attempted to show thet the Crown df

Thorns could be a potential threat to Hawaiian coral reefs,and

its outcome if this is allowed to happen. This will hurt the

people of Hawaii by ruining the beauty of our reefs,an@ the fun

-~ed pleasure people get out of using the reef as a source of

recreation,and as a source of food too.

Hawaii has her reefs that hav~ a beauty and quality all their

own,which I think we should be proud of and protect.

I feel that if pollution is the reason for this sudden pop-

ulation explosion, or even if it isn' t,man must find ways of pre-

venting pollution of the ocean,and land and air for that matter.

because if he doesn't find a way,the ocean will eventually die

and the world will become just a huge garbage dump.

But as for getting the present problem under contr&1,E feel

the most practical solution at this time would be to use divers

with injector guns and hand collection, although it is time con-

suming,it seems to be the most enviromentally safe,and successful

method in use at present.
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AFRAID OF EELS, SHOULD 'HE BE2
by Ar1ene D. Baze1'I, Pahoa High Sch001

Afraid. cf Eels, Should >e Be?

Abstraot

In a probe into the gen-

erally unknown territory of

the eel, the questi~ns are

asked~ Should ve fear the eel2

Do they attack for no reason

at allV Or are they provoked.7

7o answer these questions

there are experiences from

books, personal experiences,

and. the professional views

of doctors. All of these tend

to point into one direction~

%o we shouin' t fear the eel.

Xo they don' t attack for no

reason. And yes > they need to

be provoked.
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Afraid of Eels, Should Me Be?

Introduction and Problem

Ever since I learned how to swim a question has been Qothering me.

>'hy do so many people, including myself' fear the eel? I have encountered
many face to face but now that I think back> all of thmse times the eel

seemed to have fleed. from me as fast as I from it. If it is so, that the

eel is as afraid of me as I am of it> why~ then~ are there so many stories

of these "feirce" creatures attacking people for no apparent reason? Were

they really provoked into attacking? Are the stories just figments of
vivid imaginations? All these questions I must answer for myself,

There are sixty-one species of eels known to Hawaii. Of these the

Chilorhinus platyrynchus, the Moringudae maroohir, the Caecula platyrhyncha
and the Conger marginatys are quite common. Her ever, the most common eels
of Hawaii are those in the family of Muraenidae, the moray eel. There are

thirty-one species known to Hawaii of which of all are said. to be the feir-
cest of all eels, even the conger, or also known as the white eel, are

said to be less aggressive then the moray. But again> could. the truth been

stxetcheR?

Gf the many species of moray, three generally well known species are

the Brown moray, the BlackMpeckled moray, and the Zebra moray.
'%e Zebra moray is oviausly known for its ochre-black boRy with n»rner-

ous narrow white band,." en4ircihing its body It is the only eel with this
markir.p s a i t is easily identified.. Sos t Hawaiian eels are small, under
five feet. The Zebra moray is no exception. It reaches a length of three

f eet.

The innumerable, sma,ll, w<11&efined, d.ark speckles on a light ground
will imediately distinguish the Black- Speckled. moray from all other species.
This relatively small eol reaches a maximuh length of two feet.

The Brown moray is undoubtedlv the most common eel in Hawaii. But un-
likee the otb er eels d,escribed.> they have no outstanding markimgs. Were

color ranges from grey' through brown, to charcoal black.
The Brown moray is abundant every where along rocky shores in water

less then forty-five feet. It spawns in May. Seventv percent of the new pop-
ulation are born with ieop% parasites in one or more of the gill cavities
but it is unknown whether it eventually kil1s the fish or not. The speci e~
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Introd.uction and Problem

reache a maximum of two feet.

materials and. Methods

I have encountered. many eels accidently while swimming in tidepoola,
and, I have noted their reaotions to me. All but one of them fleed from me.

Most of the information I have gathered was from books and other peoples

personal experiences with eels. I must say I' ve never been able to go out,
turning rocks, looking for and. hoping to find eels. I'd rather not meet

up with the creatures ~

Only once have I encountered an eel which was not afraid of me  and

I was not afraid of it! It was a baby Brown moray, maybe a total of six
inches long, which calmly swam across my foot as if it were par+. of the

rocky ocean floor and. d.own into a near by creavise. It showed me no agpre-

ssiveness nor eagerness to attack the way the fish stories imply. Ot~ er

then +his eel, all the eels I' ve meet up with where too afraid to swim any

further tl en they had all ready. Both of us swimming in opposite Directions

verv quickly.

In the book Sea Treasures by Kathleen Terger Johnstone, the author

noted. a story told to her by a rare shell collector. He told. that once when

he was looking for shells in about eight feet of water, when he timed a

rock and out shot a large moray eel. The water was murky from the sand that

floated around from all the commotion sc he couldn't see where the eel had

gone. He felt it would be saftest if he stoM still until the water cleared.

so he could see the eel. When it did. he was standing face to face «ith the

eel. The shell collector claimed, that the eel shot forward at him so he rac-

ed to the shore. "And made itL" q he claimed. He was possitive tl-at the eel

had darted at. him and. mot away from him~ but had it7 Would, it have really

been possible for him, a land dwelling animal, to oui swine an eel~ a water

dwelling fish?

Another accounting of eels from this book said that a boy had been

scuba diving off the Sombrero Reef Lia'ht on Key Vaca about five miles from

the shores' The boy had. been bitten by a thirty-four pound eel and the eel

had tc + pride off by' the boys diving companions' 3 hen the boy had been
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Afraid. of Eels, Should. We Bel

Materials and methods

asked if he had provoked the eel in any way of' if the eel had simplv attack-

ed, the boy replied. that he didn't blame the eel for attwckin~ but he hadn' t

purpcselv provoked the eel. He just swam to olosei unknowingly. to the eels

lair.

Couldn' t there have been a justifiable reason like this one for all

the attacks on man made by eels'

When I askeR a friend. who often goes skin living at night if he had

ever encountered eels he looked at me as if I were ~tupid. He sairl, " Hun-

dreds ~ Fels feed at night." I asked, him if any of the eels had ever chasel

him. He said only once but the mel had really followed him. He wanted to

see what the eel would d.o if he shinel a light into the eels face. Sure

enough, the eel followed. him around. like a puppy dog for a~ long as he shin-
ed the light in its eyes ~ Fven as he got o»t of the water, still shining

+he light on its eyes, the eel tried to follow. It wa= as if the light had
hvpnotize~ the eel. He said other then tha+ particular inccident the eels
went along their seperate ways~ hymtine for fish and. octo~is.

An acro»nting mad.e by Jacques Cousteau in the book he wrote I ife and

Death in Coral Sea made it a little more clear as to whether eels need to

be provoked into attacking. Cousteau wrote that while he and the crew were

doina' a particular study which imrolved the feeding o9 fish by hahd ~ daily~
an eel decided. to get its share of food. Orner backed away to see if the eel

would leave its lair completly for the food while they were standinu there.

The eel hesitated, at first but soon came o»t without viciousness toward Orner
while it gentlv took the food. and went back to its lair. Af te~ several min-
utes o9 feeding the eel> Orner suoceedel in doins' something he longed to Ro
but feare~ the eel would. attack him for. He patted. the eels head witho»t

causing it to flinch.

"If we had been able to stay there for two or three more Rays, the

eel would. have come tc recognised Omar and. would have followed him about

like a dog on land.." says Coustea,u.

The moray eel ha~ formidable teeth and. can be dangers»s if he is pro-
voked. ?fever-the-1ess> despite its forbidding appearance and roputati~n

it can be tamed ~ as Yves Orner has proven.
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Latexials and Methods

After reading these articles I realized that the truth could have been

stretcheR in writti~g them- I needed more proof. The or3y way I krrw to

turn Was tO the dOCtOZS WhO had treated patientS fOr eel bitea. I Cal1eR

thirteen different doctors and asked if they had ever treated any one for

this. After I called about five doctors I was sure it was s. lost cause. A11

of them had said nn. But them when I cal1ed Dr. Harguchi, he said he had,

quite recently. ~he patient had. been catching lob~ters when he thought he

saw one under a rock. He reacheR under only to fend it was an eel. naturally

the eel bit him.

A bout three other d octo''s had said thev had treated ~ t ien ts wi thin t be

year lq76, but they weren't sure of how it happened ~ "ne doctor said" "hv

ask~ 'ho would tell the truth and say they were dumb enough to reach into

an eels lair anyway~"

' ben I calleR a meRic clinic I talked. to a d.octer who said he had tre.-.t-

sever~1 patients ~ one ouite recently. A tropical fish collector wa�+rying

to looseh his net when he reached across the front of t' e eels laiz. 'Po ~n

eel, who doesn't know you didn' t, intend to cross its path, you are pro-

voking him.

The doctor had Jlso said that he had tz'sated several children for eel

bites when he worked .s a doctor Q Oahu. The doctoz said he was surF

t'"e children had unintendedly provoked the eels.

Results and Conclusion

As z result of the investigation I' ve made I febl it is . afe to ans« er

the questions that have been on my mind. No, people do not have to fe r ~els.

They should. have great respect for them in every way, because they are liv-

ing animals but mostly because they can do bodily harm if provoked. As fcz

the s tories told, eith~r they were exagerated greatly or the story-teller

left out the part about provoking the eel. I think that an eel «rill not at-

tack for no reason at ail' Whether or not we may think it is a logical rra-

on, there must be a good reason, to the eel, for attacking.
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Results and. Concluss ion

I personally feel that the main reason for eels attacking is invasion

of territory. A person stepping in the general area of the eels lair may
not intend to invade the ee2s home. However to the eel this is probably an

ay~essive act to take over its territory. And all the more reise an eel would
bite~ if you stu~ your hand. or foot into its hole. Eels are very' protec-
tive of their home. therefore wig' bite anything that treatens it.

Since we are not sure exactly what agprevates an eel or what in its

terms is being provoked, it would. be best to steer completely clear of eels

~ henever possible. Or at least be cautious of them.
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SOME STUDIES OF THE BIOLOGICAL EFFECTS OF THE TOXIN HOLOTHURIN ON
NACROBRACHIUH LAR, KUHLIA SANDVICENSIS AND PALAEKN DEBILIS

6yyt ~ TT I.ly~r y H gTTP 1

ASSTRACT

completed. The toxin was tested on the cardiac activity and respiratory

systems of both invertebrates and vertebrates. Different concentrations

were uti ised on Nacrobrachium  ar, Kuhiia sandvioensis and Palaemon

debi is to determine LD . jesuits were LD concentrations of 2.0 x

10 g/m , 1 58 x 10 g/mi and 2 ' 94 x 10 g/m  respectively. The

effectiveness of hotcthvrin as a berne ytic agent was investigated with

toxicity tests on human red b ood cetus, The ce is iysed immediately

-9
when exposed to a concentration of 2.54 x 10 g/ceti.

245



INTRODVCT  OH

The Cuvferfan tubules and body watts of certafn specfes of hoto-

thurfans, or sea cucumbers, contain a substance designated as holothurfn.

It fs toxfc to a wfde range of plants and invertebrates and probably

protects the seemfngty harmless creatures agafnst predators  Chantey

~ t al., 1959! ~

The chemical anatysfs of this substance shows it to be a type of

steroid glycoside, It fs heat stable and soluble in water and efhanotfc

solutions  Chantey et at ~ , 1959! ~

Sfnce holothurin has neurotoxfc~ hemotytfe, antifungal and antf-

tumorous propertfes,  Hfgrellf and Jakowska, 1960!, ft shows much

pharmacological potentiate

Toxfcity tests fndfcate hotothvrin affects invertebrates such as

crustaceans, motlusks, annelfds, echinoderms and protozoa, resuttfng fn

a variety of reactfons, Aaeng these reactfons are the inhibition of

growth, creation of developmental favlts, and lethal effects  Nigret lf

and Jakowska, 1960!.

Tests with vertebrates have shown the followfng: Hotothvrfn 4,

~aasalzf, f ~ toefo to 50$ of of an tooted «hen yf van fntnaveneovofy at a

LO dosage of 9 mg/kg  Fr fess et at, 1960!. Qeath occuned wf thin 1

minute at dosages near the LD point. The same toxin tested on fish

resulted in reactions from simple irritatfon to death, varyfng with

time and dflution  Hfgrellf and Jakowska, 1960!. Holothvrfn on a frog

nerve-muscte preparation is comparable to cocaine, procaine and

physostfgmfne, It has a strong and frreversfble action on nerve and

has a contractite effect on muscle  Friess et al., 1960!. Holothurfn
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also reduced the growth of tumor cells fn mfce  Hfgrel lf and Zahl,

1952!. Fur thermore, this same toxin lysed rabbft red blood eel ls,

showfng a characteristfc analagovs to saponin, and produced hemolysfs

when tnjeated tn the doroat tymph opaceo of the frotf ftana ~ttono

 Nfgrelli and Jakowska, 1950!,

The purpose of this project is to examfne the biological effects

of the toxfn, holothvrini on anfmals � particularly the circulatory

and respiratory systems. Is holothurfn a stfmvlant, inhibitor, or

hemolytic agent?

The organisms tested were Placrobrachfvm lar  fresh water brackish

water prawn!, Kuhlia sandvfcensis  salt water fish or ahclehole!, and

i'algernon debflfs  salt water shrfmp or opae!. These organfsms were

chosen tc determine the effectiveness of holothvrin under varying

environmental conditions. Specifically: 1! the dffference fn response

by two specfes of shrimpi one fresh watet and the othe! salt water, wfth

similar structvral characteristfcs and 2! the difference in response

between invertebrates and vertebrates  vertebrates appear to have more

complex circulatory and neuro logfcal systems so the toxin could have

a different effect!.

Sfnce quantftafive studies of the effect of holothurfn on human

blood cells have not been reported, an investigation utilizing holothvrin

as a hvman hemolytic agent was fnftfated,

IfIATERI ALS ANO ItIETIIOL6

Station, Nagf c Island,, Ka lcko Cove~ Oahu and Hanapepei Kavaf .  Thf s

247



specfes was utf Cized because of fts accessibf Cfty fn local waters ~ ! The

toxin hotothurin was extracted by a modfffcatfon of the method of Chantey,

 Chantey et al., 1966!, from Cuvfet fan tvbules col tected throvgh

dissection from 100 sea cucumbers. The resvtt was 3e2 g of the sotfdiffed

glycosides.

Fee t ~:

Tests on Placrobrachfvm Car: A stock solution of 1 gram of the

hotothurfn crystals per 1 tf ter of water was made. The possibf tfty

that effects on the organisms were due to the pyridfne or hexane utf tfzed

in the extraction procedure was tested. Since the organisms placed fn

beakers rfnsed with pyr fdfne and hexane remained alive, this fnvestfgator

concluded that toxicity was not dve to these sotvents.

A totat of eleven prawns were exposed to 50 ml sotutions of

dffferent concentratfons ~ 2 - 3 organisms were tested at each df Cutfon

cf 1:1, 1;3, 1:5 and 1:7 The weights of each prawn were recorded

Gf CC baf Cer movement per 5 second intervals and heart rate per 10 second

intervals were counted.

Tests on Kuhtia sandvicensis: The same stock solutfon was vtiCized.

In addition to the hexane and pyridine controls, the same amount of

fresh water as the amoUnt of extract used was added to the salt water of

a third centrals Thfs tested the possibflfty of an effect of fresh ~ater

on the marine organism, since the toxin was dissotved fn fresh water.

No effect was apparent for aCt three controts.

total of eighteen ahotehole were exposed to 50 mC solutions ef

di tutions of 1:3, 1:7y 1 15y 1 99y 1 499y 1 4999' 1 9999' 1 19y999 ~

1-39,999 and 1:79,999 wfth 1 - 4 organfsms tested at each dflution.

~efghts of fish were recorded.
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Respiratory rate pet 10 second fntervals was taken.

Tests on Pafaemon debf lfs: 4, new stock solution of 1 gram of holo-

thurin per a lf ter of fi l tered salt water was prepared for the sal t ~ater

organisms so as not to introduce effects of changes fn salinfty.

4 total of thfrteen opae were exposed to 50 ml solutions of 1.1,

1:3 and 1:V wf th 2 - 5 organfsms tested fn each df lut on, 4'efghts of

shrimp were recorded. Heart and respfratory rates per 5 second fntervais

were counted.

T'ests on Human Red Blood Cells. 4' 0.9'!o saline ph '7, buffer solution

was prepared, Blood samples were set up by mfxfng 0 0S ml blood in 9,95

-5
ml sa fne solutfon. 4 toxin solution ef 1 x 10 g holothurfnfml salfne

so utian was madel'

The spectronic 20 was vsed to determine the rate at whfch the toxfn

acted upon the blood. The hemocylometer was vtitized to establfsh the

conce~tratio~s of red blood cells per ml of solution and also helped

determfne the manner fn whfch the toxin acted on the blood cells.

The orfgfnal concentration for each sample was about 1,966 red blood

cells/ml saline, 0 5 ml of the toxfn solution was added to 9,5 ml of

each blood test sample. The concentratfon of the amount of toxfn acting

-9
cn a blood cell was 2.54 x 10 g toxin/red blood cel l. The mme amount of

saline solutfon as the amount of toxin was added to the controls to account

for any change in concentration of the test samples dve to the additfon

of the toxin solutfon.

Another standard control was made to compare the percent transmittance

and the number of cel ls fn df ffer ent df lutfons and the percent transmittance

and the number of cel ls after exposure ta the. toxfn. Blood samples were

df luted with salfne and the number of cells fn each corresponding percent

transmittance was recorded.
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11 tests with the speotronio 20 and 8 tests with the he!sooytoreter

were run. Of these, S tests were run simultaneovsly,

RESULTS

Tests on A. ~far K. sandvicensis and t debi lis.'
-4

The concentraticna for 1OCC eortality were 2.5' x 10 g/ml for

lar  prawns!, 1 ~ 25 x 10 g/ml for P. debilis  opae! and 5 ~ 0 x 10

g/ml for K, sandvicensi ~  ahotehole!, The resvlts of the toxicity tests
-4 4x 10 g/ml as the LD point for prawns, 2+94 x 10 g/ml

8point for opae and 1 ~ $8 x 10 g/ml as the LD<0 point for

suggeSt 2e0

as the LD+

aholehol ~ .
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Heart rate increased before decreasing for both the prawns and opae

after exposvre to the toxin. Response to the toxin was immediate for

the prawns and aholehole Reactions were irritability and jerky move-

ments. As the concentration utilized decreased, time of death increased

for the prawns and aholeho le The dilution utilized did not affect the

time of death of the opae. Although the activity of the opec slowed

down after exposure to the toxin, th* heart and respiratory rates

remained the same unti l a short whi le before death. The respiratory

rate of the aholehole remained the same unti l a short time before death

when there was a sharp drop in gill movement which could not be recorded

since the fish started convvlsions ~

Teeth with Haeah Stead:

The toxin acted upon the blood cells and blood components instan

taneovsly. An average of 41 ~ 38 oel ls �0�00s/ml! reduced to an

average of O�6 cells �0!OOOs/ml! within 26 minutes after exposure.

The percent transmittance, indicating the amount of blood substrate



acfed on, fncreased on the average from 165 - 4N,

OISCUSS IOH

It is apparent from the tesfs on Macrobrachfum lar  fresh waCer-

brackish water prawn! g palaemon debt l is  salt water shrfmp or opae!

and Nvhlla sandvicensfs  salt water fish or aholehole! that the holo-

is toxic fn minvte concentrations to aquatic organisms.

The heart and respiratory rates were compared with the sf' of the

organisms' These rates appear to be dfrectly related to each other for

the prawns and opae and also appear to be independent of sfze for all

organisms ~ There seems to be no relation between the sire of these

organisms and their svscepfibi lify to the toxin. Instead, fhe time of

death of the ffsh and prawns is dfrectly proportional to the dflvtion

ut f l ized.

Holofhvrin seemed fo acf as a heart stimulant for both fhe prawns

and opae since heart rate fncreased.

Tests wf th M. lar: The respfratory systems seems to be affected

faster and more df reef l y Chan the cf rcutafory system since respf ratory

rate deteriorated faster than heart rate. It could be that fn order to

mafntain a balance in body functions  in terms of oxygen and wasCe

material exchange! the heart had fo work harder to make up for the

decrease fn respiratory rate.

Tests with P. ~de t tto: The opec'dted at a htgher aoneentratton

Chan the prawns. There was also a delayed reactfon to fhe toxin. Thfs

might indfcaCe that the salt wafer shrimp, as opposed fo Che fresh
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water shrfmp, may have developed a temporary f~nfty to the sea

cucumber~s toxfn through adaptive radfatfon. This conclusion should

be reinforced wf t h f ur t her C es t Eng,

foots with K. sondwiosnsi ~ : Stnoo tho IIoart rats of the fish osotd

not be dfrectly measured, no eomparfson can be made between hear t and

resp ratory rates ~ The steady respfrator y rate untf l a short whf le

before death perhaps indfcates that the hear t rat ~ or nervous system

deteriorated before respiratory rate

The salt water ffsh seemed to be more susceptfble to the toxin Chan

the brackfsh water prawns or salt water shrimp as Che aholehole dfed at

Cower concentrat ons The susceptfbflity of the ffsh at a Cower concen-

tration than the prawns and opae signifies that the Coxfn has a stronger

effect on Che verCebrate organfsm because of its more advanced

circulatory and nervous systems. Further study with other organfsms on

the relationship of the effect of holothurfn on cardfac actfvity and

respiratory systems between vertebrates and fnvertebrates should be

conducted For repeatable evidence.

IC could be Chat ho Cothurin fs more toxfc to some marfne organisms

because the cucumber is also a marfne animal and has adapted Chfs

defense Co deal with its environment Thfs conclusion should be

refnforced by further fnvest gatfon wfth other anfmals

Tests wfth Human Blood: It is evident that holothurfn fs a strong

hemolytic agent since it Lysed the red blood cells fn a very minute

concentration. It appears that hotothurin acts upon not only the red

bLood ce lls but on the other components of the blood as well, as the

percent Cransmftfance, indicating the amount of blood tissue acted on,

continues Co increase after the cells have been broken up Also' the
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number of eel la with correapondfng transmit tance level from the

dilution tests does not correlate with the nu~ber of cells fn the same

transmittance for the toxicity teats.

The rate at which the blood fa effected slows down as time increases

probably because the amount of substrate left for the holothurin to act

on decreases with time also' Tests with different dflutions could be

made later on,

In the future, I wish to contfnue working with thfa toxin and run

tests an other animalsa Tests c~uld extend to hfgher vertebrate animals

with the use of the Oscilloscope that ffeasvres heart activity as fn an

electrocar diogram  EKG!. The toxfn mfght be compared with other heart

stimulants such as adrenalin and oleander digitoxin. Tcxins extracted

from different species of cucumbers can be comparedo The effect cf

aging an the potency of the toxin could be studied Behavioral studies

of the sea cucumber fn its environment might be looked into, The

uae of hoiothurfn as an antibacterial and biologfcal control agent in

a marfne ecosystem can also b studfed.

CONCLUSIOHS

Qased on the studies conducted, it appears that holothurin:

1! acts as a heart stimulant for Hacrobrachfum lar and Palaemon debi lfs

g! has a stronger affeat on Kuhtta sandvioensis than on the tuo spentas

of shrimp

3! has a differential effect cn the two species of shrfmp  one brackfah

water-fresh ~ater and the other salt water!

4! is a hemo l yt ic agent on human b lood t f asue
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