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PREFACE

This volume of the Proceedings of the Second Annual Student
Symposium on Marine Affairs, which will be held on May 27, 1977, at the
University of Hawaii Manoa campus, contains twenty-eight papers in six
categories: ocean engineering, marine resources--fisheries management,
aquaculture, marine resources--manganese mining, coastal zone management,
and marine biology.

We have not attempted to edit the papers but wish instead to give
credit where credit is due, to the thirty-three students and their
teachers:

AIEA HIGH SCHOOL PAHOA HIGH SCHOOL

Kathy D. Neill (Miss Betty Hart} Arlene D, Bazell (Mrs. Sandra White)
Alfred A, Calantoc (Mrs. Sandra White)

CAMPBELL HIGH SCHOOL Stephanie Cunningham (Mrs. Sandra White)

Venus Hauanio (Mrs. Sandra White)
Scott D. Snider (Mrs. Sandra White)
Betty Tampon (Mrs. Sandra White)
Robert S. Williams (Mrs. Sandra White)

Susan M. Anthony (Mr. Ronald Pisciotto)

HILO HIGH SCHOOL

Rene M. Tanaka (Mr. David Raabe)
Linda M., Taoc (Mr, David Raabe) PUNAHCU ACADEMY

John E. Sisson (Dr, R. Pfeffer)

KAILUA HIGH SCHOOL
Jan K. Miyashiro (Mr. Raymond Rounds) UNIVERSITY LABORATORY HIGH SCHOOL

. i . M . . .

Lee E. Tasaki (Mr. John McMahon) Hinda L. Diamond {Miss Faith Paul)
Edward C. Hylin (Miss Faith Paul}
KALAHEO HIGH SCHOOL Sarah E, Kennedy (Miss Faith Paul)
Lisa A, DeLong (Mrs. Virginia Bickmore} Galen H. Kuwamoto (Miss Faith Paul)

Heidi K. Ranta (Mr. John McMahon) Robert P. Mumford (Miss Faith Paul)
Carol S. Okimoto (Miss Faith Paul)
KAPAA HIGH SCHOOL Andrew B, Simson (Miss Faith Paul)}

Tina L. Daehler (Mr. Delano Kawahara) gztihe;hiimgzr?ﬁisgm;zitga;;zlgaUI)

Laura L. King (Mr. Delano Kawahara) Holly C. Yamane (Miss Faith Paul)

LAHATNALUNA HIGH SCHOOL
Marc M. Nishimoto (Mr. Donald Chaney)

MCKINLEY HIGH SCHOOL

Randail T. Chun (Mr. John Hawkins)

John K, Ogoshi (Mr. John Hawkins)
Catherine F.T. Uyehara (Mr. John Hawkins)
Joel P. Yuen (Mr. John Hawkins)

We gratefully acknowledge the support and cooperation of the Department
of Education, State of Hawaii.

Rose Pfund, Coordinator
Student Symposium on Marine Affairs
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SEA EXPLORER I
by Scott D. Snider, Pahoa High School
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Sea Explorer I

Introduction

Submersibles of the Past:

The underwater living habitats so faer have nade underwater study and re-
search improve ty far. With these past habitats we have been able to study
orginisms in their true environ ient. ile have alsc have been able to see the
cefects on men expnsed to long saturation dives. The »nly thing thebe hab-
itats are hindered Ly is the fact inat they are stationary. They have no
forward or reverse movement at all. They can ~nly stay as long as the 0?2 suprly
lasts. ‘They can only go down once and come up before reloading heavy ballast
tanks. Yith my theors I have salved a couple of thes: problenms.

™he insides ~f my habitat-will be larger but ‘mfortunately will have the
same "squeaky volce" problem because of the breathing of helinm. 5o far men
have 'nilt showers, spe-ial toilets, and evellent, environment control sys-
tems. These aid in the enmforts of nnderwater livinw.

"sually a habitat consist ~f 1i ing quarters and a small lakrotory.

They also have a ¢iver entry port and an excape sutmérible ‘n case of an ac-

cident. This is a drawing of tle arranged cabin of habtitat Arier (built ~n Ozhu)

se”
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Sea Fxplorer I

Introduction

fubmeribles of the Past (cont.):

n ‘he outside ~f the living space are kept tanks fillec with a breath-
able pasg mixtures., Also there are caneras, radio equipment and batteries to
rm the electrical egquipment.

oW I will expain in depth the underwater livin; habitat Sea Explorer I
i desined. 1 rea:arched on this project for four months.gathering liftle
knowledge every week. These next pages will show what T've learned and made
up to produce Sea Expdorer I.

Dicussion

Ky theory of an underwat.r habitat is a simple one; an und-rwait:r leurn-
ing laborotory. I think the only way %oy can learn is to see it yoursell so
1 designed a habitat that is moveatlle.

'y theory of moving a habitat goes like this: aftor it first lands on
the ocean bottom and needs to ba moved it should Bise and be propelled to the
next spot. Then it should ag.in again to tie 'ottom. This nay se-m the same
as the old way and it 3s excet fob tte fact that it doesn't need to change
heavy ballast every dive and it doesn't toich surface.

"hat happens is a heavy duly .butyl Rubber Pontoon is filled with gas
Ly a compressors¥. This makes the habitat rise and then it ecan Le propalled
by an underwater engine. When the scientist would like to stop they should

have a diver scout the area or look out the paorts and decide where to land.

% See pagel

%% See page J



Sea Explorer 1

v il

o U : e et

The compressor pumps the gas out of the ponto~n and then t' ¢ habitat

drops to the sand. The sea floor may not be level and I'm rroiosing that
nderwater hydrolics be used to level the habitat#.I've not had enough tine
to see any hrdraulies underwate. on T.V. or in tooks. So if it is possi’ le
go will my level device Ye possible. Hy habitat will have two lab arecas so
more study of underwat.r can be possihle. Thers will te an escape v:hlcle
in case of accident. I sug-est it be a four man nmini sub. (50 ne one has

to draw staws.)

One thing I haven't consdered, or lonked into, is thé decompression
fac ors. Being a SCUBA diver myself I know how dangercus it is to come up
not following t e dive tanles. Yhat happens is when you are underwater
and brea’hing compressed zas Jjou absorb nitro-en in your bhndy. This is
called the hends. When diving in a habitat al'ter a certain time (depending
on depth) a diver becomes satiurated with nitreosen. This has no gffant on
the diver until he comes 1p. tecording to Eoyles law, ras will expand
when pressure is released. S50 when you come up the nitrocen, usually in
joints, expands and causes much pain in the joints. If the nitrogen 1s in
your blood stream and expands and a butble oes to the brain or heart its
all over. To avoid this rou must come up glowly and in stages. Exainle
207 ft. Cor 20 mins., 150 ft. for 10 mins, and so on until rou reach the
surface. hat I haven't looked into is the Fact ihat when =7 hahita® moves

I d n't know il it goes through decmpression of not. iy habitat movss



Sea lLixplorer I

It roes up as hirh as it needs to nass terraim.

I figure t at no decompression 1s neaded unless a mountain or hirsh
ridge ha: to be passed. If decomn., is needed it will pro' ably have to be
fipured ont on a computer, since the rise and Call will vary greatly.

I've already said that there will be two lalis and one living quarters
area%, One of the labs be designed Ly me. It will have a decompression
rneter or a small computer to work the decom. protlems. It will have a bb‘k
shelf and lat equipment fit for the task of the 8ea xrlorer I, It will
have space for recording mach’nes and other equipment fnr differeﬁt under-
water exper.menés. It will have a storage for food and clothes and alsn a
tool hox. faybe a Yook shelf and tape deck could alsn be added fer more
at home feelinpg#.

I have explained all the details of my underwater living habitat Sea
Fxplorer I. It is to my kn-wledre that all of the theories work and maybe
someday a ﬁroject similar to mine or wilth ome ideas from mine be built
and testoed. 1 ho e these ideas of mine help man reach thes uliimost goal

which is living in a working peaceful snvir nment under the sea.

*ecpone 2
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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 emergy 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 ptants 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.
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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

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 possibility 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, Buckminster Fuller, a group of scientists at M.I.T.,
and otﬁers. 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 B is the transpor-
tation level on the surface, and Part C is the portion for bouyancy,
stability, and industry, consisting of pontoons submerged several 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 activities which

need a somewhat greater density of population, such as shopping centers,
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stores, restaurants, hospitals , businesses and other service centers.

In the center of the hemispherical complex would be high density activties
1§ke theaters, stadia, churches, schools, gyms, and so on. Throughout

this complex vertical transportation would be by 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 level 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.
Hydrofotls could provide rapid, comfortable transportation to many points
on land. The traditional ferry could be used for fnexpensive 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 commodities 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 Part 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
1ight industry, where it won't bother the residents or pollute the city.
Industrial 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
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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. More
than forty years ago Claude built a small 22 kilowatt OTEC plant on
Matanzas bay in Cuba, but only recently has the concept gained much
attention,

There are two general types of OTEC plants: liopen cycle" and
“clased cycle”. The open cycle plant 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 (0.5 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 Tiquid 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 pressure at about s4°¢ 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
fuel 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. We 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 Rothwell at the
Oceanic Institute. From our Social Studies teacher, Ms. Faith G. Paul,
we obtained several reports and pamphiets from which we extracted the
information we needed on OTEC plants. By comparing and analyzing 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

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

1 and the fact

$500. Using data from an economic analysis of OTEC plants
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 benifit is that the nutrient-rich discharge water
from the OTEC plant could be used to support aquaculture. The cold water
pumped up by the OTEC pTant for cooling purposes is rich in nutrients
used by marine 1ife. 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, thereare 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 1imited 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.

1Committee on Alternate Energy Sources for Hawaii of the State Advisory
Task Force on Energy Policy. 1975. Alternate Energy 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. With an OTEC plant as a powersource, waste
heat for these purposes would not be avaflable. Energy for heating and
cooling could be supplied by electricity, but this would increase the
size and cost of the powerplant.

Aside from the advantages and disadvantages of the combination 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
plant (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
proportion of the mass of an OTEC plant is 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
waves and currents 1s not yet known.

The first obstacle to the construction of Floating Cities 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 1ike 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 least they are more compiex. 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
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its discretion.

Once'these obstacles have been dealt with satisfactorily, the question
remains as to whether or not a Floating City should be powered by an QTEC
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 desirable energy source for a Floating City,
because of the cost advantage it holds over oil or gas. In this case, the
possibilities for aquaculture become an added benefit 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 aforementioned
obstacles have been dealt with succesfully, if a Floating City was ever
to be built here in Hawait, OTEC would be the most desirable means of

providing it with power.
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OCEAN THERMAL ENERGY CONVERSION AS AN ALTERNATIVE
‘ ENERGY SOURCE FOR HAWAII
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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INTRODUCTICN

The total fuel consumption for Hawaiilis presently 116,000 barrels of
crude oil each day and 100% of this oil is imported. Of the 116,000 barrels
of crude 0il 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 O0.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 U.S. 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 1ikely 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 1ike 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 Haw&ii, quite a bit of work is being done with OTEC. On the

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

lHoward Wiig, interviewed by Matthew Varney, 3-3-77.
21bid.
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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.
METHODOLQGY

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 js getting a design that will work with a
reasonable level of efficiency. If you compare the efficiency of an OTEC
plant to a conventional coal generation plant, it is clear that the coal

plant operates at a 30% efficiency where the OTEC plan has froma 1 to 3%

'Arthur W. Hagen, Thermal Energy From the Sea, Noyes Data Corporation, 1975,
p. 1.

*Ibid. p. 1.

—_—
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efficiency. This low efficiency of an OTEC plant is, however, overshadowed
by the free fuel 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 éystems. 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 THE OTEC PROCESS

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

open cycle ocean thermal power plant and 2) closed cycle 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, Hagen, Tharmal Energy 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 closed 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 Tittle 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

SArthur E. Hagen, Thermal Energy From the Sea, Noyes Data Corporation, 1975,
p. 4.

’Ibid. 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 alternative 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 c0il to drive the electrical generators would jead to the reduc-
tion of air pollution. Third, by adding some extra equipment to an QTEC
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 0il 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 QTEC,
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 plants will 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. G-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 plants for Hawaii to
become energy self sufficient. Take those power plants 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 sites which would suit the

needs of OTEC plants.
ENVIRONMENTAL IMPACT

For any type of project that is being proposed, whether on land or in
the ocean, 1 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 resuiting 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 1ittle 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 aquacul ture site. Another less important impact is the possible

affects of leakage of the working fluids from a closed cyc]é power plant.!!
CONCLUSIONS

Ocean thermal conversion is still in the developmental stages, but
already we can see how useful it will be in the future. When the developers
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 finally
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.

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

111bid. p. G=11.
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Further, in Tess 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 o0il
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.

'2Hagen, p. 15.
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EUREKA! AN ALTERNATE ENERGY DEVICE
by Robert S. Williams, Pahoa High School

ABITTACT

Soon we Will run out of pebro-
leum. When we do man will be hard
pressed for enervy. A few, with
forsight, have concentrated their
efforts toward alternzte enercy
sources, Sooner or later man will
turn to the cea for his needs.

In this paper, I will ex-
plain a device which uscn wave,
wind, and tide power, Tris device
is simple and Iinexpensive. It
proves rmuch more practical taun
other plans for ﬁave and tide
enerpy devices. This device
should prove to he of preat in-
terest to anyone who is concerned
with the iden of erscting huge
malti-rillion dollur projects now
-proposed, anc would like 1o scc a
less exmensive and smaller, locosw

obtrusive, shergy 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 enargy. For years the
shortage and the inevitable total lack of oil and coel has been pressing
on mankind to find ways of harnessing inexaustable energy sources.
Sources such as the wind, solar, bioconversion, and ocean waves, currents,
and tides are the main fields of research and development, Haweiil is the
most vulnerable of all the fifty states to dislocatinns in the global
market because of the fact that we are nearly totally dependent on sea-
born petroleunm,

Two-thirds of the earth's surface is covered by water. The land space
is growing short. 41l of the current developments on harnessing wave
energy are both quite large and extremely expensive. The Issac's wave

pump 1s the only simple design for wave energy capiure. See Figure 1.

STATEMENT OF PRCELEM
Present tide developments are expensive and they block §ays to sea
traffic, unless they use expensive locks. My design is a marriage of
wind, wave and tide power in a simple, inexpensive, and practical
package.
We have great need for such a design. Harmessing the availal:ile
cea energy and resources may be our only hope for a world whose demands

increases as the supply decreases.

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

at one time or another, have been intrizued with the idea of 'free energy’
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from & windmill or a solar collector. I read many reports about develop-
ments in these fields. Tidal and wave enerry interested me also, because of
the present need for a simple inexpensive way to capture tivt enargy.

I observed that all the present technology were modification on a general
dam system. They would dam a bay and Et the rise and fall of the tide
turn the turbines in the dem. This system, as I mentinned before, has

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

for a double-effect tidal power unit in the Bay of Mundy was 3660.1
nillion. Generally they range anywhere from $350 millicn to a high of
$660+ million. The second bad point, is that most sizable bays see
conaiderable traffic. '"ith the dam systems, in some cases also expensive
fish ladders must be provided.

The first complaint also applies to present tecimology in the way
of wave energy devices. They e ither take up a great deal of our shorline,
or they take up a great deal of space at gea. The cne exception 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 and noticed similarities in degign,
but this was 1n supportive research, and I arrived at my concept independently.
In my encrgy system, I used a floating housing for the generator, the
shaft of which was geared with two ratcheted gears and anothor connagted
to one to reverse the action. On the sea bottom I placed a concrete
block and out from that, stretching upward, I placed two thin steel
beams. These beams have teeth on them so as to engage with the gears.

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

would float, while the beanms, being stationary, would turn the shaft.



The design is illustirated in Figure 2,

AL you can see gedir 2 reverses the action. Thus gencrating energy
on the up and tre dowm .otions,

The float 'ousing size would be regulated Ly the weight of the
generator and gears, plus the drag of the beans., Jlastic could be
used in the gears and float housing to minimize this to an extent.

n for of £ float housin; I added a windnill of the darrius or
'epoeleater' tyre to add to the eflelency of '‘e [loct. .iany parts,
ircludineg the blades, could be made of Flastic inste:d of #lardinum to
minimize weipht and maintaince cost.

The darriue windmill is a2 verticsl windmill marloed by increased
effizlency over our convehtional types. Mo vane is nceded and ne genrtor
Lo power the windmill shaft, 1ith the added windmill, t! - -rnegator
unit oulcd look 1ir g Buor . Wiz war both vertieal and horizortal
energies are captured, This t; e of device would be iuch less expencive
thar sfler projec.s. Lut as far as a2 cosh ver kilowatt hour, I would not
be able to detarmine this until such time that I weuld Gooe le bo olt:iin
funds to develop a prototype.

| CONGLUSIONS 43U RECOMLii .. [T e

Th= result o? 7y invention would bLe unottrusive and would have wvery
little emvironmental impact of a negative type. It weul? save sez troffic
the troublsz of locks and migrating fish the incovience of fish ladders.
shoreline impict woiile he low, ths only crangc non’d be that of one caltle
leading wp.the beach.,

The result would be cle-n, safe energy. The cost would Le low,
nud the unit would he adaptable to alwmost any size. The loeal conditions

would detsrnine the size. With the Trade winds ir Keawld, an almost
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~onstant output from the windmill coul: be exrooted. Plas, most of the
tise tiwre are sizalle sw.lls on the open seu. The tidss rise and lowey
constently or al 2 predictable rate, so a constan® scurcc . Lamiat
there,

Toe comalbiee on Alternate wiergy Scources for cawaii of the State
Advisory T,sk Foree on IZnergy i'ollcy, recommended, in a 197Y report,
it a moderate Stute inter.st in adaptive techrology be trken in wave
and tide energy. Tho samne committee plac~ 1 Ll recomncndation on the
use of wind energy. So it can Le cleirly seen that it is impurative
that, a practical systen e divelored.

In eonclusion, I trink several further su_gestirng ar: in order.
I syrpest that nost of the system be nade from pl.stic to resiugt corrosion,
ani Le ligh'ler in welgii.. I suggest that on anchor cord b2 added to keep
it Jrom iloating away durins a stom. The tower for the windmill slhiould be
wide of plastic and reinforeed wiin aluminum, and should Lo made to
collapse in high winds to avoid damage to the main unit. Then after a
storm the unit could hbe reset manually..

Eureka | I can see my device &35 being a nractical means of necting

tiawaii's future energy needs.

Comaittee on Alternate Inergy Sources {or Hawaii of the State
Advisory Task Force on Energy Policy, Alternate Eneryy
Sources for Hawaii, Haw:ii latural Energy Institute. University
of Hawaiil, February 1975. .

Stephre "Hggbeater Windmill," Popular Science, Hay, 1975.

wade, Gary. Homegrown Energy for the Home and Homestead,
Oliver Press, Willits, California, 137L.
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MARINE RESOURCES:
FISHERIES MANAGEMENT






FISHERY CONSERVATION AND MANAGEMENT ACT OF 1976:
PROBLEMS AND IMPLICATIONS
by Randall T. Chun and John K. Ogoshi, McKinley High School

. ABSTRACT

This paper explores the implications of the recent esteblishment of a
200 mile Fishery Conservation Zone sround the Hawaiian Islands. This is a
result of the Fishery Conservation and Management Act of 1976, which went into
effect on March 1, 1977. Through research, it was found that Hawaii's fishery
resources are underutilized, The Act will allow Hawaii to expand its use of
these resources and arlll also give Hawail a greater supply 6f 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 Hawali any political difficulties. The
only potential source of difficulty at present would be the possible enactment
of a management plan for bilifish, 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 fishery couservation 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 foreign nations,

The Act gives American fishermen first prefereﬁce in fishing the areas
within the fishery conservation zone. Foreign nations are allowed to catch
only 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 te food production and
recreational 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 “estern 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 mile zone, Aside from developing fishery
management plans, they must also submit periodic reports to the Secretary of

Commerce and review and revise assessments of optimum yield and allowable
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foreign fishing.

The Regional Councils also decide the opening and closing of fishing
seasons, what grounds cen be closed to [ishing, and the type of fishing gear
that can be used, The restrictions on gear can prevent 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 Act are not expected to limit or reduce the catches
by American fishermen but may limit the catches made by foreign fishermen. It
is left to the Regional Councils to estimate what portion of the harvestzble
fishing stocks Americans sre not using. This surplus is then made available to
foreign fishermen. Generally, foreign fishermen will be ellowed to catch species
not caught by Lmerican 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 cuota of 2,000 metric tons since the fishes
are not caught by American fishermen, Foreign fishermen are restricted from
harvesting precious coral within the 200 mile zone around Hawaii since the coral
is of importence tec Hawaii's own coral industry,

In addition to adhering to the established quotas, foreign fishermen will
also be recuired to pay license fees, and keep deteiled records of each use of
their fishing gesr =~ recording the position, speed, the species caught and
the tonnsge of the catch, The foreign vessels must also allow bearding by the
U. 8. Coast CGuard for inspection and enforcerent of regulations and may also

be required to carry an American observer on board.

THE LOCAL FISHING INDUSTRY
Commercial fishing in Hawaii is an industry that has not been exploited

to the fullest, 1In 1973, Hawaii's lardings by weight totelled 7,026 tons,
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placing it twenty-second among the fifty states and twentieth in the velue of
its catch ($6.1 million).

Most of the cormercial fishing is done for tuna, In the fiscal year
ending June 30, 1975, skipjack tunz comprised 10,261,257 pounds and other
species of tuna 1,460,146 pounds, making up 8L percent of Hawaii's commercial
landings,.

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 sclentists feel that the skipjack tuna resources in the central
Pacific are underutilized. At the present time, 350,000 - 400,000 tons of
skipiack are being caught annually in the Pacific ¢nd it is felt that this
caten 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 seos tunz fleet and the expansion of the
markets serving them, while at the same time developing new fishing grounds,
such 28 the Leeward Islands of the Hawaiian Arcnipelego.

The adoption of the 200 mile Fishery Conservation Zone will increase the
opportunity for lawaii'’s commercial fishermen by extending their fishing area
and preserving future resources, However, the Act is not expected to benefit
tune fishermen grectly since tuna is a nigratory species and is not regulated
by the Act. Illawaii tuna fishermen will still nave to compete with foreign

fishermen who will not be limited by catch restrictions.

FOREIGN FISHIIG 43D THE PEELLMINARY HMANAGEMNENT PLAN FOR ARMORHEADS AND ALFOISIKS
The foreign fishing within the conservation zone occurs mainly around the

Hancock Seamount, located just inside the 200 mile limit northwest of the

Northwestern Hawaiian Islands., Here, foreign fishermen (the majority from

Japan and Russia) fish for armorheads sud slfonsins, which ere not presently
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harvested by American fishermen, Armorheads make up over 90 nercent 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 [ddne outside the Fishery Conservation Zone around the seamounts norihwest
of the Midway Islands,

At any one time, about 5-15 Soviet and Japanese stern trawlers fish the
seamounts northwest of Midway while about 16 Japanese vesséls engage in bottom
longlining off Midway., The ammual combined catch of these 16 Japaunese vessels
is estimated at not more than 4,000 metriec tons, which consist mestly of alfonsin,
About 500 tons of this catch is caught within the 11.3. Fishery Conservation
Zone,

The annual combined catch of .fabznere trawlers fishing the seamounts
northwest of Midway was 19,957 metric tons in 1975, which consisted mostly of
armorheads, About 10 percent of tnis was caught within the Fishery Gonservation
Zone,

The total annual harvest of armorheads and 2lfonsins (of which the armorheads
comprise over 80 perceht) by Soviet and Japanese vessels from t.e entire seamount
chain is estimated as between 10,000 and 50,000 metric tons, There are no
figures as to the amount of this that is czught within the U.5. Conservation
Zone although genersl estimates of Japanese fishing zlone have been given,

The Preliminary Fishery Management “len for armorheads end slfonsins limits
the total foreign catch of these fish to 2,000 metric tons periyear in the
Hancock Seamount area é&nd other seamounts west of the 180 degree meridian, lio
foreign fishing would be allowed elsewhere. The total effert would be limited

to 50 vessel days and vessels would be subiect to all regulations of the Fishery
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Conservation Act.

The 2,000 metric ton quota is designed to allow potential U.3. fishermen
for armorheads and alfonsins to undertake future operations in the areaunder
the best possible circumstances (with stock levels unreduced by foreign competitors).
If a 10,000 metric ton ammusl harvest of armorhezds could be sustained in the
Hancock Sesmount area, it is speculated that an annuzl catch worth 36,000,000
could be taken by U.S. fishermen,

The Act also allows U,5, scientists to study fishery resources in the
lorthuestern Hawaiian Islands while they zre in a virgin state since foreign
fishing is limited t¢ the seamount area, |

Also, by examining the datg from the allowable foreign fishing operations
on the seamount, U.3. scientisis would Le able to assess the fishery stocks

notential, as well as to keep a record on the amount of the stock being harvested,

THE PRELIMONARY L HAGEMENT PLAK FOR BILLFISH

25 of March 9, 1977, the Matiénal Harine Fisheries Service was still in the
process of writing up 2 preliminery fishery maragement plan for billfish. If
this plan is implemented, Jepenese fishermeh feel the guota on bilifish would
1limit their tuna catch within the conservstion zone.

This would occur becsuse billfish is not considered a hichly migratory
species by the zct and therefore is not exempt from regulation. 4 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 ac a
highly migratory species and is not regulated by the act.

If the management plan for Lillfish does go into effect, it will probebly
result in protest by Japanese fishing associstions sincc approximately 2 vercent
of the tuna Japan catches in the Pacific is caught in the 200 mile fishery

conservation gone around Hawaili.
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THE HAWATIAX CORAIL THDUSTRY AXD THE PRELIMINARY MANAGEMENT PLAN FOR CORAL

The Hawaiian coral industry makes use of three different kinds of preciocus
coral - red or pink coral, gold coral, amd bamboo coral. Anouner type of
coral - black coral, is also harvested but since there is no foreign in-
terest in harvesting black coral and since the knovm beds occur primarily
within the territorial sea, this type will not be congidered.

Six beds of pink, gold, and bamboo coral .ave been located within the Ha-
waiian Archipelago. Of these six, only the bed off iakapuu, Oanhu has been
extensively surveyed and it supports the only existing commercial fishery.
Other unexplored banks in the Hawaiian Archipelazo are thoupht to support
precious coral stocks.

Tn 1975, at least 500 people were employed in various stages of the pré-
duction of coral jewelry. In that year, the gross retail sales of the Hawal-
ian coral industry were aboul $11 =illion, which is an increase of three over
the retail sales of 1972. This is partly due to tne develomment of Hawaili's
own coral resources - which make the local industry less derendent on foreign
sources of supply.

To continue to grow and prosper, the local industry must have access to
a reliable and controllable supply of raw material. The coral bed at ilakapuu
is thought to be just a fraction of the commercially productive corzl re-
sources of the lawziian Archipelago.

The preliminary fishery manapement plan for Hawaiian corals preserve
these resources by prohiniting the foreign harvest of precious corals from any
bed in the 200 mile conservation zone. Foreign vessels will be allowed to har-
vest coral only when the bed has been-surtveyed and scierntifically assessed,

and the srghs yield that will be aveilable has oeen determined,
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FOREICN HARVZESTING OF COBAL

Although at the present, there is no docimented foreign harvesting of
precious coral within Hawaii's 200 mile. conservation zone, Soviet and Japanese
trawlers may be indirectly harvesting coral and demaging coral beds in their
fishing for bottom fishes - armorheads and alfounsins. 7The efTects of this on
the domes:ic coral fishery are unknown and being studied as part of the re-

_search being done on the commercial harvesting of coral,

LAY EXFCRCEMENT BY LOCAL COAST GUARD
Ls of March 1, 1977, the United States Coast Guard and the National Marine
risheries Service are in charge of enforcing law in over 2.5 million square
miles of coastal waters off the_United States, Decause of this vast amount
of space to patrol and only a limited number of 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.
In 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-range 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 bugy tenders
and three patrol boats, Areas are patrolled randomly approximately three times
per monkh, However this figure will increase when more fishing boats arrive,
All foreign fishing vessels are reguired to possess a fishing permit for
a specific area in which to fish. &5 of Tnis writing only two Japanese

vessels and two Russian vessels have applied for a permit., Since the total
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amount of fish allocated to foreign fishermen is 2,000 metric touns, each ship
has been allowed to fish for twenty-five vessel days or to catch 500 metric
tons of fish, whichever comes first,

U. Se observers must be allowed to board any foreign vessel to assure
that rules and regulations are being complied with. The observers are trained
to be avle to judge the amount of fish that are being tzken, They report any
viclations they may suspect. Violations of the law includes fishing without a
vermit, harvesting more fish than vermitted, fishing for to» many days and fish-
ing in areas other than the area designated by the permit, Measures of
enforcement range from issuing of citations for minor crimes to seizure of the
vessel for major violations,

Lieutencnt Scott L., Anderson of the Coast Guard feels that there are
few problems concerning the law in Hawaii, So far all foreign fishing
operations have been following procedures and very few have been seen in

local waters.

COFCLUSION

Research revealed that Hawaii's fishery resources are presently under-
utilized and that there are many opportunities for the expansion of Hawaii'ls
Tishinz and related operations,

The establishment of the Fishery Conservation Zone gives the local fishing
and coral industries great potential for further development. The enactment of
the Management Act has created the possibility of local fishing for pelagic
armorheads and alfonsins, which are presently not harvested by American fisher-
men. The coral industry will also benefit by the restrictions on foreign coral
harvesting within the conservation zone, The potentizl suvply of corzl within
the zone will enable the local industry to remain indenendent of foreign sources,

The Preliminary Fishery Management Flan for armorheads and slfonsins {which
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make up the bulk of forelgn catches within Hawaii's 200 mile conservation
zone) 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 a2t present is the proposed Fishery Management Flan for Billfish,
If put into effect, the plan would limit Japanese tuna fishing operations
within the fishery zone, and probably result in protest from Japanese fishing
asspciations,

The passing of the Conservation Act will be very -eneficial to the State
of Hawaii., The Act will conserve lHawaii's fishery resources by protecting
them from over-exploitation 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 miliion years.,
Man remembers them mostly as dangers of the deep. The facts are that more
pecple die as a result of mosquito bites than from shark attacks. Because
of these myths, though, sharks are left to live out their lives with little
opposition from man.

Over 250 species of sharks are known to man. They inhabit almost all
oceans and seas of the world, Yet, very little 1s known about their lives
or how they survive, Sharks have no bones in their bodles, only a stiff
cartiledge , Organs are loosely fixed and a shark could literally beat
himself to desth. Strong jaws snd a thick stomach allow him to digest
almost anything.

As a commerclal 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 wmeking shoes, belts or the handle to sultcases, 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 1n
Japan for making shark-fin soupr. The shark-liver 1s 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 arybsalted. British
fishand chips are often made of one species of shark sold under the name
of flack or rock salmon, Left over entrails can be used as bait for other
sharks.

Cammercially, sharks can be caught in numbers by using a long-line
method, This consists of steel cables with hooks along the ocean bottom,

at the surface or hanging perpendicularly in the water, One-eighth inch
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The Mako, Tiger and/or Hammerhead Sharks, as well
as other spectes of shark found in Hawalian waters could
create a new industry for Hawail. Shark Fisherdes based
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USES FOR THE SHARK
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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 1s easy to acquiré. Aku has been known to
work best, but this can be expensive. Shark entrails or meat comes next in
line for effective bait. EE1 or miscellaneous fish may also be used, how=-
ever shark 1s the most economical.

World hunger and a food shortage 1s beins preached throughout the world
today, Fishermen could pessibly be able to provide more food without the
shark as a constant competlitor, Sharks are present in our waters and could
not easily be eliminated. At present only about 0,5 percent of the world's
cormercial fisharlies catch consist of shark, 4 solution is to use the shark
as a natural resource and supplement to the world's food supﬁly. Shark meat
is consldered cne of the best cuts of fish by some, and methods of prepara-
tion are numerous,

To begin shark fisheries in Hawail would provide many new fobs, This
would aid unemployment problems and create an expanding business. Fishermen
would be nesded 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 utilized 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 Oghu, so the industry could easily be based
in Honolulu whers sales, processing and profits would remain in Hawaii,

Sharks have inhablted our oceans for centuries, They have been feared
and woréhipped in Hawaii, If shark fisheries were established in Bawaii,

man could benefit greatly from their present competitor = the shark,
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THE DOLPHINS ARE IN 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 slaughtered. Although the National Marine
Fisheries 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 celor 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. Alsc 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 Delphinus delphis, but 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."1 The common dolphin is either black or brown in color. The animal's
belly is white and has bands of gray, vellow and white on its side.

The second dolphin is Stenella longirostris or spinner dolphin. The

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.

1. Reiger, George; Audubon Jan '75, pPp 3-27
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The Stenella graffmani or spotted dolphin is the last dolphin most

commonly seen in the tuna ficshermen'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.

If 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 1976, 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 mammals into the United States. The law prohibits importing products
made from any part of a marine mammals 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.

Cne 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 scurces unless the tuna catch
is certified ag to have been made under the same laws ag the United Stataes
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?"z'

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 ki1l»3

2. Business Week, "The Crisis in Tuna Fishing", November 15, 13976
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 1% 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 gquide 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“4, 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 members are near the area where the delphins 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 19272, 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, Jacgues, Dolphin, p.224
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ocutlawed 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 ocutlawing the killing of dolphing, and take the lead in

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

On February 22, 1977 the new 200 mile limit was sit, The reason was
so that we could control fishing in these areas, This new zone includes
the countries of America, Canada, Britain, Mexico, Chile, Norway, Brazil,
the Soviet Unlon and dozens more, We the United States are trylng to end
the ruthless competition which is threatening to turn our ocean into an
aquatic wasteland, Somo%ine this year the European Common Market ls ex-
pected to aéopt similar limits,

This does present a problem on being able to watch 2,5 million square
mles of open ocean, Inside this zone, the United States Reserves will
have the »ight to decide who fishes where, how, and of what specles.
Foreign fighermen will be able to fish in our watorg. but they will have
to purchase licenses and follow very strict American rules.

Since the early 1960's, large trawlers from Japan, Russia, Poland,
East Germany, South Korea, Spain and other nations have come to our coast
lines to fish, The East Coast is probably hit the hardest, they figure
somewhere from 800 to 900 fishing vessels come there each year.

Some of their bilg vessels are larger than football fields and carry
a crew of 100 men, 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 Amerlcan
vessel does in s year. Most of the American fisherman today still fish
with hocks, trap or hand line from small boats and with a crew of three
to four men, Landings of Pacific Ocean perch on the Oregon coast average
sbout 15 million pounds per year. Three years later when the Japanese
and Soviet trawlers came around the American landings were down to 1

million pounds.
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In 1961, New Englanders took 742 million pounds of good fish from the
Georges Bands of Cape Cod., Ten years later another 380 million pounds,

It is sald that Atlantic haddock and halibut stocks have gone down 10
percent of their former ylelds,

From 1970-1974 the Japanese catch grew 15 percent, Soviet Union 27
percent, and South Kores 145 percent, Americans, who a decade ago imported
one quarter of their commercial fish are now lmporting more than three
quarters of their needs.

This is not only an American problem. As nations have depleted the
ocean's resources, hostile encounters have been brought on, Last year,
the British fought a six-month 'cod war' with Iceland, Norwegions have
fired upon Soviet ships,in Java fistfights and boat burnings have broken
out between traditional, sail-powered fishermen and owners of motorised
vessals,

The trouble is, fish are in short supply., The world cateh is about
70 million notﬁc tons. Experts say that the ocean can sustain a yelld
of no more than 61 million metric tons. |

Inside the United State's 200 mile fisheries conservatlion sone, the
fish are ours, 7This enables us to mailntain a rate of how unny-fiah are
and can be taken each year. Thls new law does invite outsiders to contimse
to fish these wutsars but it will never be the same. Regional councils
will decide when open and closed fishing seasons will be what fishing
grounds should be closed to fishermen and what kind of gear they may use,

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 some of our old,

forgotten fisheries into business.
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INHERENT PROBLEMS OF MARICULTURE
by Marc M. Nishimoto, Lahainaluna High School

ABSTRACT

*If there are many types of operations to correct a defect, then none of
the operations have proven to be effective,”

This maxim has poven to be true in such operations as the arms talks, the
criminal justice,system, etc.. And 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 worldewide has an extremely positive outlook. And
not only solving one proklem but also producing benefits and advantages such
as tax revenues, employment, etc,,

Unfortunately, this program is not as flawless as it might seem. There khs
been some problems within present systems of marioulture, both biological and |
monetary. In my paper, I will try to point out the significance of these pro=-

blems which have caused a setback to major operations of mariculture,
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PAnything our contemporaries can do on the surface, the mermen of tomore
row will do under the sea.” This quote by Jacques Cousteau exemplifies the fun=
demental philosophy of mariculturists tRat the industries of 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 an& food supply have
stifled large-scale operations of culturing, Two such programs, green turtle
and pink shrimp farming, have encountered such proplems, If these problems can
be solved with reasonsble amounts of time, money, and devotion by mariculturists,
the gains of this new industry would be more than rewarding.

Hawaii, the only oceanic state, could become the mariculture capital of the
world and could reap the gains stemming from this new indusiry., However, there
are problems that need to be dealt with before this industry can be established.
This paper will discuss two inherent problems in mariculture and exsmples of
each, In the case of green turtle farming, the problem has been a biological ons.
Let™s investigate the presemt system and the problem it faces,

The prominence of green turtle farming first occuwrred in mid=1972 in the
Cmyman Islands, In that year, Mariculture Limited, which founded the farms, in-
troduced its products into the Cayman 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, belly shell, flippers for the soup trade, fat for the coas-
metic trade, liver for sausage, offal for cattle feed, polished shells, scutes,
and leathr items for tha tourist trade) The esgerness with whibh the products

were purchased thereafter established a good business for Dr, Robert Schroeder

1Reiger, George, 'Green Turtle Farming; A Growing Debate', Sea Fronmtiers, 21(h):
222, July-August 1975.
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and his wife, who together founded the turtie farm, Since then, other turtle
farms have been established through financing from Mariculture Ltd., with benew
ficial results., However, the turtle farms have not beem withput problems,

Many 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 from an amino-acid
analysis of different amimals, At the present time, they are fed a varied diet,
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 camplex, has caused a
biological unbalance. The unbalance has cgused 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 faced in the turtle farme are rather easily remedied. One way
to alleviate the problem of the unconsumed pellets is to introdece a bobtom
feeder into the turtle tanks to consume the untouched pelltes, By introducing a
bottom feeder, the problem of the effluent would probably be remedlied, and also!
the bottom feeder might be, in turn, used as a possible culture specie, But, 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 work This
solution, under whibh is currently used in an algee/oyster farm, has promising
effects, The method has as its pr:iinanr components seawater and raw gewage, Let
us investigate the mechanics of this method,

At Woods HolesOceanographic Institution, the first algae/ocyster farm, it has
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been proven that sewage can be diluted and reuse in different ways, including

an enviromment in which algae can grow. Presently, algae ia being grown in sewage
which will be used later as a feed for the oysters. In stimulating growth of ale
gae, mariculturists are able to produce two advantages; first, the pollutants

in the sewage are consumed, and secondly, the algae is used as feed for other ma-
riculture species, Let us investigate the first advantage,

Obtaining raw sewage is no problem, but the treatment of it is a rather dife
ficult task. First, the sewage has to go through two treatments to reduce the
quantity of the toxic materials in the sewage and let remain only inorganiv pol-
lutants, such as phosphate and nitrogen coawpounds, Then, seawater is added to the
effluent which remains to stimulate growth of algae. After the algae starts to
develop, it begins to reduce the inorganic materials, The result is cleansed water
arid algae, which is the primary food for the oyster culture at Woods Hole,

Therefore, it has been shown that mariculturisbs benefit from the treatment
of sewage in that it is a new source of food for the 'farms!, In retrospect, ib
has been shown that algae wlll grow in ses water and diluted sewage, But what
would happen if the diluted sewage was to be mixdd with the nutrient-rich efflue
ent stemming from the turtle farms? I think it is obvious that this process, if
it is put into effect, will alleviate two problems; the rdduction of sewage and
the elimination of the nutrient-rich efiluent of the tmrtle fams,

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 shrimp,Penaeus duorarum", The algae
would prove to be an ample food supply for the shrimp, This path will be invese
tigated later. First experimemtations with pink shrimp farming were conducted
in 1963 when a University of Miami student successfully raised a few pink shrimpg
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from egg through the fimst ten stages of lifg which are considered the most deli-
cate and difficult periods for raising shrimps., Since those first experiments,
the progression of shrimp farming has accelerated and it has introduced a new way
to supply the demand of a well known product.

The potential gain from a largewscale shrimp farm is emormous, In 1972, the
U.S. bhad to import approximately 575.6 million kilograms of head=off shrimps to
sustain the demand for shrimp, even though e U.S., harvests that year were approx-
imately 549 million kilograms of shrimp, The importation of foreigs goods shows
that the present domestic harvests cannot meet the demand of the public, Clearly,
a large-scale shrimp farm operation would make the potential monetary gains over-
shadow the difficulties of the mechanics involved, But again, just as the turtle
farms, problems arcse with shrimp farming. The major problems were financial exe
penses. The two main items which contributed to this problem were the diffipculty
of obtaining viable shrimp eggs and the cost of food for the shrimp,

Mariculturigts at the Turkey Point Shrimp farm had to call commercial fishe
ermen to see whether they hed caught any gravid, or egg-bearing, shrimp, If they
had, chartered boats from the farm would have to go out and collect these shrimps,
However, these chartered boats cost fram $200 to $400 a night, and it takes seve-
ra} nights to harvest the shrimp, Accumilation of such costs could prove to be
a disastrous setback if the farm doean'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 $i per kilogram, The cost of the least expebsive feed doubled
betwesen the years of 1969 to 197L.

Problems such as these have stlfled a large-scale culture operation, If
such an operation, a highly inclusive one, was to be put into effect, the demands

of the consumer would probably be mat,
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Discussed so far has been the problems which exists, or have existed,
within two present systems of mariculture, The problems which have been solved
have contributed to the progress of mariculture. Those problems which have not
yet been sclved could prove to be a barrier of great gignificance to the future
of mariculture, particularly here in Hawaii.

Takuji Fujimura, developer and ghairmsn of the State's Amuenue Fisheries
Station, stated,he biggest problem in moving faster in aquaculture simply is
money'? Here in Hawaii, a comprehensive mariculture progeam could become one
of the state’s major and most beneficisal indushiwss. But because it is located
in the middle of the Pacific Ocean, Hawali faces differant problems than those
existing in current programs, But these new peoblems could be easily remedied
through state and federal funding and support. Although Hawaii has received aone
of the largest grants from Sea Grant, the federal funding has leveled off during
the past three years, This causes a real problem bepause of the lack of growth
potential, and the cost-of-liveng must be sbsorbed?

Howaii could become the mariculture capital of the world beceuse it has all
of the natural resources needed to start a large-scale program, However, as pre-
viously stated, there are two major problems within present systems of maricultate
that have stifled initial work in America and here in Hawaii,

There are initial initial indications that these dual problems of obtaining
suitable food and properly disposing of waate materials codld be solved by using
waste to stimulate the growth of algae, We need to develop programs to test these
processes, Funds are needed to begin such programs, yet sllocations of federal

funds cannot meet the need of starting a mariculture program in Hgwaii. Commercial

2A1tonn, Helen, 'Big Hopes, Limited Funds', Honolulu Star-Bulletin, February 22,
1977, Progress Section 1-Land, p,.16

BAltgnn, Helen, 'Isle Aquculture Potential ?Seen', HonolulumAdvertiser, JuneiQ,
1976, BH=1
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concerns seems to be unwilling or unable to develop & large-scale solution to

the problem,
Clearly, this infant industry is having problems growing up, However, if
this infant doesn't develop, the world will lose an individual that could con~-

tribute to the solutions of its problems.
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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

Java tilapia (Tilapia mossambica). It is a universal source of

food for man,and many growing "wild"” in our reservoirs and else-
where should be considered for another agquaculture crop for
Hawaii, We will also discuss how tilapia have been cultured in

various countries, and the possibility of polyculturing it

with eel (Anguilla japonica).
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INTRQDUCTION

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 Aslia, the Near
East, and in Africa.

In Hawaii, as well as the rest of the United States, this
fish is looked down upeon as "that ugly fish in the muddy water'
This “ugiy figh in the muddy wgter" 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 minerals. 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 tt to occupy almost any setting,
including our markets, if only we would let them. The gquestion
now stands as: Is it a worthwhile effort to develop this type

of aquaculture in Hawaii?
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TILAPIA IN HAWATIL

Twenty-four years ago, Java tilapia (Tilapia mossambica)
were brought to Hawaii by the Territorial Division of Fish and
Game. The tilapia 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 isurvivors.

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.

SPAWNING

Spawning in tilapia, not like most other fish cultures, is
very easy and presents no problem., This allows tilapla 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-
mein in the mouth of the parents for safety. This results in
a high survival rate,

The ideal setting for spawning would be in a pond of 1000 m2.
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. (In 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 3.5%
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 YQUNG

Like spawning, stocking methods and foocd supply also deter-
mine the growth of tilapia,

Stocking Systems

There are two types of stocking systems: Monoculture and

polyculture,

Monoculture is the less popular of the two and is practiced

on & small scale, in rice fields in Southeast Asia. These stock-
ing rates were 120 to 180 fingerlings/ha.

The "normal" figure for tilapia production in a monoculture
pond is 500 kg/ha in the tropics and decreases with colder clim-
ates. However, the production can yield 1000 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 can be farmed uo to 18,000 kg/ha, but there would be an
overabundance of fish too small to be of importance,

Polyculture of tilapia can be split up into two basic parts:
a) increasing production of each fish used

b) increasing production of tilapia only
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An example of increasing the production of sach fish in use,
is a commercial pond polyculture in Uganda. There Tilapia mossam-
bica and common carp yielded total production higher than can be
achieved by monoculturing either fish,

At Auburn University, Alabama, experimental cultures with
Tilapia nilotice (2500/ha) and channel catfish (7500/ha) yield-
ed a better total preoduction than oould if each were monocultur-

ed.
H.¥W. Swingle from that University, suggested that this takes

place on account of the channel catfish (Italarus punctatus)

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 catfish. Also, production of cate
fish was extensively increased,

In Camaroon, the other type of polyculture was carried out.

Tilgpig nilotiga and Heterotis niloticas and Hemichromis fag-

ciatug were farmed in both subsistence and commerecial pond cul-
tures. The results were good production and effective population
control of tilapia.

Another took place in India, Tilapia was cultured with milk-
fish and catla in very fertile ponds. Although the milkfish and

catla were practically wiped out, the tilapia production was good.

Food Supply
Food supply, the other factor in growth, is no problem for

tilapia. Tilapia accept many types of diets, They henefit 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. Mill 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 soll must be taken
into account before fertilization., But again more research must

be made.

POPULATION CONTROL

The biggest problem in tilapia culturing is that of over-
pepulation which can cause stunting. It has been found that
environmental factors dominate genetic factors in size determin-

ation.,
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There are three ways to overcome this problem:
a) separation of parents and young
b) monosex culture

¢) control by predators

Separation of Parents and Young

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 simutaneéusly.

The more practical way of separating the young has been
accomplished in Indoneésia. 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 2-3 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% 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 by Predators

The last method of overpopulation 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 (Anguilla japonica), large-

mouth bass (Micropterus salmoides), ans carnivorous sichilds

such as Serranochormis robustus and Hemichromis spp. are used.

As of March 10, 1977, a propsal has been passed through
the State House to experiment with eels in aguaculture, 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."l 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 850 grams

in one year. It may be noted also that males grow two to three

lGregg K, Kakesako, "Eel Bill Squirms Past House",_Honolulu
Star-Bulletin (March 11, 1977), p. A-16.
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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, electrofishiﬂgis 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 cultureé. such as troutf

or eels,

CONCLUSION

Because of the excellent qualities of the tilapia, we feel
that Hawaii should take advantage of them and develop tilapia
inte a major 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 polyculture?

The other problem is it$ reputation. Although tilapia is
a gourmet food in places like Pakistan and parts of Thailand,
people in Hawail are not that eager to try it. Tilaplia actual-
ly has a high quality flesh, plus an abundance of protein.

The tilapia found in Hawaii is the Java tilapia (Tilapia
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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. Okimoto, University Laboratory High School

ABSTRACT

Aquaculture can play a major role in supporting Hawaii's
economy. It will generate more jobs and use lesas land than sugar
cultivation and will potentially yield more money per acre. Five
ma jor management systems for gquaculture in Hawaii are compared
with static pond culture emerging as the most promising. Suitable
environmental characteristics for agquaculture are considered.
Water pollution and diseases are discussed as potential threats.
Ongoing scientific research in aquaculture is' shown to be indis-

pensable and the compatability of aquaculture with other shoreline

activities is considered,
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INTRODUCT ION

In this paper I will déscuss the feasability of large-scale
aquaculture as an important economic activity for Hawaii. I will
look at management systems, environmental needs, hazards in pro-

duction and competition for use of the shoreline and land.

METHODOLOGY |

The research for this paper included p persanal interview,
exdmination of important reports, articles and books. The discuss
sion which follows analys#s important issues and raises important

questions about aquaculture for Hawaitl.

AQUACULTURE IN HAWAII,

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-
eleds who went to the Far East returned, and taught the Romans how
to raise carp. Recently archeologists in Greece dug up a book on

the culture of carp written in 460 B.C. Wealthy class of people
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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
wag common throughout Europe.1

For more than 800 years, Hawaii has had some form of fish-
farming. An art practised by ancient Hawalians in more than 350
ponds throughout the islands.2 Today only 141 ponds can definately
located. The remains of these old ponds structures revealed that
the ancient Hawallan people achieved some degree of sophlistication.
They built stonewalls around mouths of natural inlets, and diverted
streams to trap the fish, it guaranteeing a constant supply of
food.

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,3

Before considering major production, there are benefit and
1imitation factors to consider. The establishment of an aquacul-
ture in Hawaii will play a major role in supporting the 8Btate
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 egsential 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 Hawatii's
skilled and semi-skilled people, thus reducing unemployment. This
industry will generate about one job and one and a half indirect
jobs per ten acres of pondland while 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
prawns can yield $10,000 income per year while one acre of sugar-
cane yields only $1,500 income per vear. If $4,000,000,000 income-
per year of sugar were to be made, 240,000 acres would be used
while on the same bases using prawns, only 24,000 acres of land
will be used.? Tt 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 Hawail are shipped into the State’® Aqua-
culture will also provide worldwide export to developing countries
where aquatic food products would act as a low-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.b

Most 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 here:

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.7

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, harvesntng and treatiag -
disease and parasites. Because 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
prdblem of dam or levee erosion. This basic system with its variw
ous modificarions is probably the system most prevailent in the
world today. Hawaii has numerocus examples of this type of farming
technique and is likely that more operations will come about in

the immediate future.

Raceway 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 water is circu-
;ated. 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. Hawail has one commercial operation in the develop-
ment stage. In general, this type of aquaculture seems applicable
to 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 level. Labor requirments for the recirculating
system are high and costly due to the need for continuing mainte-

nance and observation.

Cage 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. Thip technology is applicable to
certain ponds and embayments in Hawaii where pollution and problems
do not exist or can be controlled.

Closed Density Culture In thiis system the stock ts confined

in a “container" through which a continuously recycled flow of
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water is passed, This highly sophisticated type of management is
environmentally controlled (oxygen and temperaturé is constant all
year around using modern techniques). This high density culture
requires very skilled and knowledgeable management. This technos
logy seems applicable to Hawall in view of small land requirement
of the system.

Suitable environmental characteristics are essential for a
healthy production and profitable farming. Available resources
should be abundant if the aquaculture industry is to presper to
irs 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 availability-- 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 constitutes the bulk of forest reserves.
About 25 percent '‘of these lands are under leases, principally for
agriculture purposes. Private ownership of land (52 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 Hawaii. Almost
three-fourths of the total land area is used for forestry and
grazing and for plantation, and to a small extent, diversified

crops.d
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Palis and barren lands, that is lands incapable of use
incapable of use because of steepneas or lack of productive capa-
city, occupy about 12 percent of the total area.?

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 is know as run-off.
Surface run-off may include water taken by streams, reservoirs as
well as surplus rainfall 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-off from nearby farmlands may carry pesticide residues
and poison harmful to the fish.

Some industrial plants may release waste water which are mest
of the time safe for culture use., Such waters has usually been
warmed several degrees thus influences the rate of metabolism and
resulting in rapid growth of the animal. The main problems with
water management are related to oxygen depletion and water pollu-
tion. Oxygen depletion may cause death of all the fishes in a
pond in a matter of hours. Fishes that do not die of oxygen déple-
tion will eventually die of bacterial infections or diseases which
become more susceptable under stress. Oxygen problems are also

indirectly related to weather conditions.

93



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 it, all life must
come to an end. Mercury can be extremely harmful. Contained in
industrial wastes, 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 agquaculture systems which use natural later, there is
a constant danger of aquatic predatatopa. An example of this sit-
uation in Hawail is the problem of saltwater fishpond operators

have 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 high 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.

Mariculture in Hawaii would be a ilittle 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 primarily oriented
toward ‘boating, .sport fishing and surfing. Hawaii in comparison to
Japan's embayments 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, 1 would think that only a national food
crisis could force us into that position.

Here in Hawali 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

95



their view is obstructed. Commercial floating farms (cage and bas

basket culture) is a type of management that will conflict with

shoreline residents,l0

Large-scale aquaculture should be encouraged in Hawaii. The
problems with aquaculture today may seem infinite but are no greater

than those faced by farmers with agriculture.

Scientific research projects in Hawaii are inveatigating tech-
niques in spawning, rearing, food requirements, and many othee 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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FOOTNOTES

1. Louis Wolfe, uvaculture: Farming in Water, (New York,
G.P. Putnam's Sons, 19;55.-p. 13.

2. Helen Altomn, "Fish Farming: Big Hopes, Limited Funds,*
Honolulu Star-Bulletthn, . (February 22,.1977) p..16.

3. Richard Gibson, interviewed by Carol Okimoto, (University
of Hawail Aquaculture Department, Honolulu, Hawaii), 3:30 P.M.
February 7, 1977. '

4. JIbid., interview.

5. Department of Plannin? and Economic Development, State of
Hawail Growth Policties Plan: 974-1984 quoted by John S. Corbln in

Aquaculture in Hawaii 19/6 (Department of Planning and Economic
Development in State of Hawaii January, 1976)

6. JIbid., p. 30.

7. I1bid., p. 27.

8. University of Hawaii, Atlas of Hawaii, quoted by John S.
Corbin in Aquaculture in Hawail 1976 (Department of Planning and
Economic Development, in State of Hawail January, 1976), p. 24.

9. State Department of Planning and Economic Development,
Hawait: The Natural Environmental quoted By John S. Corbin in

Aquaculture in Hawaili 19/6 (Department of Planning and Economic
Development, in State of Hawaii January, 1976), p. 24.

10. Anthony J. Novotny, "Tough Growing-Up is Seen for
Aquaculture,” National Fisherman 1976 p. 128,
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AQUACULTURE 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 carry 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. They 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.
Fishermen 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 preoblems that confront the sea farmer include weather
conditions, preditors like sharks, loss of feed to other 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.
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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, spawnipg and hatching of eggs scientists
have succeeded in breeding fish 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 wiil 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 fam in Hakipuu, O'ahu. Ed Otsuju
is in the process of raising prawns in Hauula. Kenneth Kato has received
funds to raise prawns, catfish, and carp in famms on Maui and O!'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

ABSTRACT

Aquaculture is a fleld which has a tremendous potential for growth,
Although there are many problems in developing this resource; from land
and water use, to types of fish needed for ounditigns to pollution and river
control, There still is sufficient reasons: for Hawall to exploit ite agua-
cultural potential, The reward for investing energy in this resource is
the strong and real possibllity that Hawall can become protein sufficlient
and thus less dependent on imports, Hawali's future depends on her ability

to have this self-sufficlency.

102



A major step in man’'s civilization was that of the development of
agriculture, The difference betwaen the energy expended hunting for food
and the cultivatlon of foood was enough for man to lay the first foundatione
of complex scclety., 4As Hawall becomes, as it already has started, a complex
state with a population of up to a million people; the same sort of
advancenent aust take place in food production, Hawail must stop the randos
hunting of fish and start the cultivation of thea in order for Hawall to
achieve its full potential, DBecause, without this controlled use of fish,
Hawaii can never approach the self-sufficiency it requires as an island
state, To fully exploit the benefits of aquaculture and fish culture, we
must examine the problems and advantages the establishment of aquaculture
will have here.

The main point of aquaculture , or in this case fish culture, is to
maxinize the usuable product you can get from the available energy and
materiala, To do this moast sffectivly you have to control the full life
cycle of the fish, You want to exerclse this control for two reasons: one,
to minimige losses from predators, disease, and starvation, and two, to
make capture and use of the fish simple, To exerclse this contrel you have

to deal with the major probleas of feeding, hreeding and control of the

fish's environment,
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First, before we deal with the variables like fish type and treeding,
ve must deal with the basics that must be met to set up any fish farm,

Strangsly enough one urgent need of the fish farm 1s land,

Because it is the fact that the fara is on the land which allows the needed
control of the lifetycle of the fish, The land nust be relatively flat
for large area ponds, which are necessary for effective production. The
land must also bhe close to roads or some fora of transportation, because
fish production is useless unless there is a way to get the fish to people.
The major problem is that where thers are large land areas, there is often
no source of effective transportation or water,

Water, obviously is the most lmportant thing to have for a fish fara,
This means not only water for the fish to swim in but also flowing,oxygenated
water to remove wastea and provide the fish with oxygen, This flowing
water, need not only come from a river, As long as there is enough flow
any source can be used, including tides, as in brackish pond culture, and
punps, The volume of the water flow 1s very important because it determines
directly the size of your f£ish ponde, Thls means that if there is not snough
volume of flow no matter how big or carefully you make your ponds, you can
only support a fixed number of fish,

These basles in themselves are hard for Hawaill to solve because the
two things that Hawaii lacks a.re land and large amounts of fresh water,

But there is a solution, and that is brackish pond culture which requires
much less fresh uatér and is usually situated as much as possible slightly
off-shore in swampy land, This means that no one is downstream of the farms
getting pblluted water and very liitle "usuable land” is locked up in fish
production, Also, river delta land in Hawaii is seldom in demand to begin

with, The only problem with this system is that it depends on both river
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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 yomr production
efficlency, |

Once we have the land and water problems soclved we still have to find
fish that will live in the environment we have set up and fulfill the
necessary oriterla for a successful brackish water aguacultural project.

One ma jor criteria of the fiah is that it must be efficlent, In order
for a farm to be successful you must get maximum growth on your erop within
the first Year or you will not be able to attract private investment and
compete as well with other forms of food ptroduct:lén. Along with a fast
growth rate, the fish must be able to live in your environnent, it must be
able to eat the avallable food, grow, and btreed in your hrackiash water
environment, Some fish that fit these requirementzs have already been
found as a result of aquacultural research in Thalland since 1959. Some
possible fish might be: the Grey Mullet (Mugi) species), the Bulan Bulan
(Brousaonet), the Milk Pish (Chanos chanos-Forakal), and the Sea Bass
(lates calcarifer),

One other criterlia in selacting fish is to try to have fish that use
a varlety of food levels and sources, This means, if possible, to have
fish that use different levels of the food chain in the same pond, Such
asy surface feeders eating plants on the surface, producing excrement
which fertilizes the water and the bottom, This fertilized water produces
planktonic food which supports mid-water plankton feeders, whoee excrement
fertilizes the bottom along with the surface feeder’'s to suppert the bottom
feedexrs 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 well as one which by producing on all levels can yleld over 10,000 1b/acre,
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One other thing to consider when establishing fish farms ls that fish
are more sensitive to pollutants than almost any other animal, This means
along with a good supply of oxygenated water, the water must also be pollutant
free, In Hawail there are three major kinds of pollutants that could effect
a;qua.culture. The most important of these ls pesticlides, Fish have such a
sensi.tiviiy to them that as 1little as 1.5 parts per million of something
such as DDT will cause death in 96 hours. And there are at least 50
insecticides and herbicides that effect fish, some in quanitles as li.ti_:.le_
as six parts in ten billion! Hawall being strongly agricultural means
that there 1s probably pesticides in all major streans,

Two other major pollutants that might effect aquaculture are detergents
and suspended matter. A detergent concentration of more than 11 parts per
million ie fatal to all fish and the concentration can easily reach that at
the mouth of a river where the fish farms would be, Along with detergents
as & problem, there is the one of suspended matter in the water, Suspended
matter is small particles like silt or fine dirt which cut down the ablility
of plants to grow by cutting out sunlight, It also clogs fishe' gllla
80 they can not breathe, Suspended matter collects at the mouths’ of
rivers and is the result of erosion of scil and run-off 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 1ike metal salts, cyanides, and heavy metals will slow down or stop
production and poison the crop of flsh,

Fish, becauss of the fact they are cold-blooded, are very sensitive to
any change in their envlronment sspecially in earlier life, Thiz means
that noVonly water and oxygen are taken into account when planning a fish
farm, but also things like perasites, bacteria, pH, G0y, and temperature
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must be planned into your 1*1&1 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.
Antiblotics must be added to prevent this "soup” from forming, yet just &
little too much and you kill the larval fish, thus very atriet control -
must be practised, Other conditions are also critical, such as the pH must
remain between 5,5 and 9 and the tempesature must never go above 35°G.
Aquaculture is a lot more than just throwing fish in a pond and then harvesting
them a year later,

Besides solving all these probleme of conditions, thore 1s one more
ma jor 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 dematd and a possibllity
for profit, Private Industry must get interested and this can only-be
aocomplished throught the use of subsidles and incentives by the state.
Because, as I said, all aquaculture farms developed will be useless unless
there existe people who want to amt will market and eat the products,

There are many problems that must be solved but there are alsc at
least three major advantages it would have for the state., One is, right
now the state is limited by what it can catch and import for its seafood,
If Hawaii has the capacity to be protein sufficlent throught aquaculture,
1t wlll have the choices to control its growth instead of being limited by
the non-controlable clrclgta.ncas of fishing and mainland production, Hawail
tries to grow all its own vegetables, so it isn't as dependent on the main-
land, Shouldn*t Hawall try to be pmotiin suf'fient also?

Aquaculture is also more scologically sound than fishing because it

uses over-all much leas resources, Less equipment and much less fuel are
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used compared to chasing after fish, And with oil crisies and other
shortages, less is better, This alao reduces dependency on the mainland,
And finally it is very good for the economic growth of the atate.
We use local labor and don't send money out of state for imports., To have
more money kept in the state promotes economic growth in all areas of the
state and that is very good for Hawail, Hawalil needs to be less dependent
on outaide somrces for 1ts food and economic growth., Flus we are using
the resources of Hawaii for a change, Hawaii has some of the best area of
any of the states for a large aquacultural progran, | We should and aust use

that capabllity,
There are many problems to solve to make aquaculture work in this

state, Problems involving land, water, pollution, and the blology of fish
have to be solved to make aquaculiure a reality, But the benefits of
increased melf-aufficisncy, economic growth, and comservation of resources
can not be overlocked elther, Hawail 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 Hawali's resources for aquaculture, 1 feel by taking
that step from hunting to farming, we will do more than just add a new food

source, we will make this a better state for the future,
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AQUACULTURE'S PROGRESSION: RESEARCH
by Holly C. Yamane, University Laboratory High School

ABSTRACT |

At the moment, Hewaii's economy is supported by three
ma jor industrys: Tourism, federal expenditures snd sagricul-
ture. But 1if, for the future, we wish to creats new and
dirferent jobs, economic diversificetion for Hawail needs to
be obtained.

Aquaculture is not yet one of those buisnesses helping

to support our economy, but it is growing &nd,whon fully
dnvoloped, could become our fourth indistry, ™his 1s whers
research comna in. " ordar for sn industry to grow and
progress, to whers it csould be one with economic impact, you
nesd to have the key to having & productive industry, whioh
is resesrch.

Research can tell us hew aguaculture can develop its
potentials &nd technologies to where we'd have &n industry
that 1ia not only producing more with lesz, but ons which

would also bs a sound investment,
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INTRODUCT ION ¢

Aqueculture,when fully developed, could supply the neeods
of & aizable area of the Stste's market for sgquatlec foods as
well as provide worldwide export products, such as prawns and
oysters for Japan. Aquesetulture could slso help us to obtain
greatsr independense from Mainland end foreign food lmport
producks. All this osmn heppen through ressaroch.

Regsareh in sguesulture is of two main sections, Researech
of pfodustion teshnologies, sz well as research of the speciss
themselves. Thess two sestions are both quite inter-related as
they both ean heave sffeots on exch other, which in turn cen
effact your production rates. This is becsuss certain charace
teristics of m species do determine what environment 1t 1is
beast reised in snd itts up to resesmrsh to take advantage of
these fsotors and use them $o their fullest potentials.

In this paper, I will be focusing meinly on the progress-
ion of our aqusculturs resemrth astivities and how it hes

helpsd our industry to grow.
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Research: Progression

There are several mkjor orgeanizations which ars carrying
out aquaculture research:

State Government: Depertment of Land and Natural Resources

Univeraity of Hawaii
Hawail Institute of Marine Biology
College of Tropicml Agriculture

Private Non-profit: The Oceanic Institute I

The Division of Fish and Gams of the Department of Land
and Natural Resocurces have scientists who ere involved in rs-
search activities of aquaculbure coopsratively with other
State sgencles and privete individuals at many site=s around the
State, but the greatest effort hea teken place at the Anuenue
Fisheries Research Center, Division scientists have focused
their ettention on mainly determining the aqusculture potential
of the Malaysian prewn and the oyster.

The particular specles being investigated as well as the
way research is approached is different for esch of the four
ma jor organizations,

The Hewaii Institute of Marine Biology has svaluated many
local species of shellfish and fish to determine their aquacul-
ture potentimls, but dus to problems with nutrition, many of
these candidates ware dicarded. Howaver the HIMB's program has

been made over in order to concentrats its ressarch sffofta

snd development reasources, on three ppeciss which show high
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covmercisal promise as aguaculture specles:the Malaysian prewn,
the topminnow ( & tuna ®eitfish ), and the moi,

The Oceanic Institute, who had been focusing its research
afforts on developing the smguaculture potentials of the mullet,
heas widened its program tc apply to other species the techniques.
developed in 1ts mullet program.

The Anuenue Fisheries Research Center of the TDepartment of
Land and Netural Resources, hed also been concentrating its
efforts on only on species-the Malaysian Prewn. Rut thoughit's
still focusing on cost-reduction in its Malaysian prawn-reat-
ing system, they have expanded its research efforts in cooper-
ation with the Tniversity , to attempt to solve the problem of
artificially spawning catfish and grass carp in Hawaili,

Lookihg at Table I can give you & look at the currsnt
standings of our saquaculture research sctivities progress,
Theass critical research areas are all very important, as they
are necessary for the progression in the cultivation of & ape~
cies, The summationa at the bottom, show the degres of progress
in each arsa, and although the arsas are a#ll ijisted separatsly
in the tabls,they are actually , in practice, highly inter-re-
lated.

The area in which the greatest progress has been made is
the spawning of animals in ceptivity, This is because of the

sucess we've gotten in having prawns, moi, sand topminnows
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spawn naturally in artificial enclosures, and inducing mullet
to spawn with hormone injections, But in trying to arficially
spawn mol with hormone injections, we were only partially
suceasful:some sggs were produced and s few individuals were
raided from eggs to the juvenile stage., A significant discover=-
y was made when it was found that moi would spawn spontaneocusly
whils being held in suspended net snclousers, The fertilized
e7¢8 could simply be harveated by filtering the enclosed sea
water,

The next most advanced area is ths growout experiments
with juveniles. There was some asucess with mol and mullet,
but with the mullet ther was a lack of consistent results,
such as high survival and repid growth rates, Howsver, a good
reproducible amd economically feasibls methodology for the
Malaysien prawn's growout phase,which is from the small Juveniles
to market-size prawns, has bevn developed,as we can see from
the small yet viaible commercial prawn industry that has dsvela
oped here in Hawaii.

Nutrition, food requirements and reed formulations, is an
area which has gotten & great deel of attention in the past,
and is the next most advanced area of research. Nutrition can
have effects on the sconomy of acquaculture in severasl ways:ons
weYy is that an animal which is in nutritionally poor condition,

ocan be more vulnerable if & change inthe water guality was to
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occur, than & well-fed, nutritionally healthy animal. In keeping
the animals healthy,you'd be ablee to protect sgainat prcducte
‘lon loses.The improvements of natural snd artificial fesds
could eslso increase and enhance the commercial yeilda, as =
high-quality diet could give you more rapid growth rates,
Fead costs can alac be & limiting factor in the aconomic =uce
cess of meat-eating squaculture aprecies, for it can make up
half of the total cost of producing a crop, Thereforse the need
for inaxpensive feed formulationsis clesr.As with the Melaye
sian preawn, in sfforts to increass vroiuction rates, while at
the same time reducing opsrating costs, resesrch afforts turne
ed to the formulations &nd teating of an inexpensive prawn
feed which was also practible for a full-acale commercial prawn
opsration,

(ur next most advancid aresas of research are larval rear-
Ing, facilities esngineering and production economics and market-
ing. Some of the primary aguaculture species In Hawaii, such as
the marine species{ moi, mullet,and milkfish) don't heave consis-
tent aupplies of juveniles available for stoecking purposes due
to variations in larval suvival. But there are well defined and
reproducible zaring technigues for the prawns and topminnéws,
the other primary aquaculture species.Six years of research
efforts,by the Dept, of Land and Natural Resources, has resulted

in the develod ment of a practical mass rearing technique for the
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glant fresh-water prawn, and its current inventory stock oan
adeguetely fulfill the needs of a commercial operation of any
saize in Hawaii, Facilities engineering 3 = production economies
and marketing 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 dats such as costs of food, juveniles,growout, stc.,
are not available from the other research areas yest, ®ut a com-
prehensive larval rearing-cost evaluation made from the PY 1968
69 period, showsd thet the cost of producing prewns of Efmm aver-
age length, was about $6,63 per thousand {fixed costs, such as
srmortizetion of capital outlay, taxes, etc.,not included ).
Labor sccounted for about 77% of the total cost, clearing indie
cating that the reducing of labor cosats would bring abot a

me for lownrine of production costs. During PY 1°.¢=70, attempts
to reduce lshor outlew were made by using much lerger larvel
rearing tanks (18,027 instead of the €08 to 1,71l liter tanks
used in FY1968-69), Although, with the larger tanks prblems

such as water quality managment and temperature and sunlight
control did ocour, the total cost of producing 1,000 Juvenile
prawna was reduced to $1.,93., Marketing studies for various squatic
produsts could be, but not have besen, carrisd out due to the

lack of financlal support,

The least sdvanced areas of research are dizeass in rear-
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ing schemes, behavioral research and genetic selection eXper-
iments., After significant progress has besn made in the othear
research areas is when these areas usually coms into greater
development.At the momsnt, except for the Malaysian prawn and
topminnows, thers is no work being done to begin expsriments

to find the solutions tc the key problems in these arsas,Fure
ther investigetion of the already known diseases is naeded so
va'! be able to detsrmine causes,msthods of diagnosis, treatment
and control measures for prawn disesacnes,

At present, ressarch on diseases of prswnas and other BQUA =
culture animals had led to the identification of several pathe
ogens as well as the formulation of two working hypothesis on
the disease mechanisims in prawns,

Behavioral research is also needsd as it can help to de-
termine what the effects of stocking density and body size on
shelter use and movements ars, and as with the Malaysian prawn,
the amout of agressjve interaction between prawns can detsrmine
the rearing density, which can in turn, haveeffects on prawn
productlion.

The moat impol iunt area could be genetic reasarch., Select=
ing~and breedini snimale with the most favourable cherscterise
tics, such as:isst growth rates, disease resistance, shorter
larval life, ste. is needed for reduced cost= and the rinal.do-

meatication of an animel species.
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Sucesaful genetic research is the all important "bottom

1ine™ item of the research areas,

Our Aquaculture Tndustry's Growths

Aguaculture has developed to the point where over $1
million is spent annuelly in the State for research and de=
velopmént. Through our sclemtific discoveries, smr sagasoul~
ture industry has suceeded in producing more with, lsss, as
woll as helping the rest of the world with our discoverles
and technological advances.

Apd so , as of now, because of the research and develop~
ment work done, Hawaii has an sconomically viable, growing
aqueculture industry. Aquaculture hes the potential,a= as
industry, to go & long ways, and research is whst hes been
discovering the technologiss to brine us this far, and it
can take us fubther. Without the advancement of our methods

and knowledge, there wouldn't be any pProgress,

Sumery:

Research has shown aquaculture the way to a produce
tive, yet practicel industry. We have discovered the apecien
which do have squaculture potential anf we are now trying to
make the fullest use of these potentials.,

And now that the 1ndﬁstr3 is pleking up, it'1ll need

more support. We nesd to improve what we have as well as
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develop new and better technologles. CGnce again you'll

have to look toward research,.

FOOTNOTES
1. John S. Corbin, Aquaculture in Hawaii 1976,
Hawaii,,1976, p.33.
2., 1Ibid., p.57.
3, Ibid., p.l1l0.
L, 1Ibid., p.&.
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THE AQUACULTURE OF MACROBRACHIUM ROSENBERGI!I
by Stephanie Cunningham and Alfred A. Calantoc, Pahoa High School

I. Cheracteristics

Macrobrachium Rosenbergii, the giant, long-legred prawn of brackish and

fresh watems, has been highly estecmed as food by peopleof the troplcal coun-
tries of Asia and the Far Fast. The popilarity of the Malaysian prawn has

grown rapldly and 1ts demand 1s progressively enlarging. Therefore, methods for
inereasing the prodiction of the prawns are necessary ir, order to mee' the needs
of the vast and ever increasing multitudes of people.

"he giant Malaysian Prawn, acrobrachium Rosenbergii,known as "Udang Galah"”

in Malava, is distribute widely 7n mnat of the Lropieal ard subtropieal areas
of *he Indo-Pacific egion. The ndo~lacific Regi~n inrcludes East Takistan,
Cerl-n, Burma, Indie, Philipines, Cambndia, Ind-nesia, Thailand, Vietnam, mxd
Haliysia. The prawn thrives in hoth fresh .nd trackish waters and occurs all year
romd. DPrawns are inhabitants of most rivers,-estuaries, and especially lower
~arisns that are influenced by tides. Irawns can be found up to at least 200km
from the coast, and present in likes, water reservnoirs, mining pools, irrigation
canals, and some paddie-fields which have direet or indirect conr.ections to riverss
In both stapes, adult and larval, the prawn is euraline t» a considerable
degrer, In its natural environment, the jrawns spawn in brackish water and the
juveniles travel upstream to fresher waters., Larvae hatched in 3 to 6% trackish
water are able to tolerate an immediate transfer to any water less than 215
salinity without s rious losses. The best larval stage salinity to close to 12
or 13%.
larvae need saling wat-r for survival, but juveniles a d adults are atle to
freely move tn fresh; or if maintained In Yrackish, they aprarently continue to
do well.

The question of salinity is im optant
because fresh water supplies in many reglions
are limited. Continued experimentation tn
deternine survival and growth uniler a

122



spectmrm of salinities has the potential
of opening vp large areas for ;rawn cul-
ture in estuaries in pr-~tein-short trop-
ical countries.l

Tenperature appears to be a more important factor than salinity. Larval
Pravns are s nsitive t- genperature. The prefeered teiverature for lirval
rearing is widely agreed by culturists to be at 2% degress Jentigrade.

S fter becoming $0-day old juveniles, th- 'falaysian Prawns can survive
wide temperaturs variations. At one edireme, adult :nd ‘avenile prawns survived
16 “egrer ceniigrade ten cratur:s for several days, and with some deaths but
not totallr lethal at w%. it the otlier extreme, 3500 is riven as the npyer
lethal 1init. The optimal runge 1s abnut 3U-31°C wiﬁh 29-3300 being acceptable.
A narrower range was given as 20-30°C as rractical, 30°¢ as th maxiﬁum, and
299C as optimal.

H.layslan prawns arc ag ressive and cannibllistiec as are most crmstaceans.
Among freshwater speciles, the alaysian prawn is one of the scast aggressive
and nnt ton highly can .ibilistic,

‘{lalaysian prawns hive teen raised successfully in fibergdass, concrete,
plastic and ceramic tanks, aquaria, swimaing pools, and ponds with earthen

bottams, “Jsually a substrate is ad od for aid in the protectinn of prawn

larvaa. Tie substrate asslsts In re’neing predation and cannibalism,

Hacrotrachium Prsentergii lreed and spawn easily and readily in a suitable

environment.

After comparing other-specles »f [acrobrachium with K. Nosenbergii, it was

conclude” that the Malaysian prawn is by far the superior animal for culture.
IT. ERHLDING THE MALAYCTAKE PRAYN
Healthy mature pruwns treed year rhuﬁd in a proper environment., There is
little difficulty in maintaining the bro-d stocklin tanks or .onds an: ripe

females are selected when neaded.
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. Mature females are readrs tn 're d after thar complet: a pre-nating monlt.
Ripe nvaries are visikle in th2 *emales as lurv¢e, oransa-¢ Isred agir masses
lacated in the orsal and lateril “oebs of tM cephalothorax, The abdoninal
pluera are distended sligh*ly and archa. mttrora o snlargen the brood chamber.

Y typleal mature feanle can reahice up £ 6,0 7 @ 5. warger “enales
can L.y epps twice in five months 1.4 sometine morc » %-n.

“then females arc placed 'n a tanl witioub the presance ol any iales, a
female th.t nar have fast eonrlated a manlt 18 snl:’eet 4o bein; attacked and
killad k- »~ther fomnles within the sate *ark. 'Hth a male prassoet, he rrotects
tite vulnera!le female fr myattack. “me male can protect Tive or six females.at
ane tine.

sfter matin-, six to twenty homrs latnr, U2 e5 s are axtrud=d, “The tias
in which it takes the e~ s 15 be extrude ¢o ends n b ecar’ © sller the pre-
mutin: m oult “he actual nailng takes lace. The eg s ure attiched - the - leep-
‘ods of tha Zemale wrere thes ri en. The egps sl owls chanve .8 the larvae natuve
tn the hatching stage. "o larvae are fully fufxloged within 16 t~ 17 days.
The ag.s “ahch on about the 10th ddy. The nmnated females alss extride o 8
bt Lhe wnfertilized ep~s dror fret tla jla-uods Ina few dars,

‘pe berried females ur: leld dn salindt’ss oF to 1. hwtil the egss Jinally
hatch.,

IIT. 7RYOIGC T0 L O8TeL.RVs

ethols of raisin  f. "nsenlergii larvae Tr-m ¢go Lo post-larvae hava been

well established., Dre tn the feenn it s and 'Y= ease ol holH'ny substantial
Frood %tOC‘, nccasionally eulturist . are cipn’le ;f 1“-ducinﬂ more posi-larvae
thaa they .»n able t st-clk and grow salliciontly.

Cpawm larvae o-ntinue thronsh eleven stapgns after hatehing. iz elght of
these stasas are n>tics.ible without the a'? af closer examinatirn. The larvae
are lankt nic dur'ng thet  larval devel-yoient. ﬁhqy’cwné%unt?y [asd rng
this pariod. Thsr are shrong qw Laers,moving witl “helr L.ILl “iest, hend Sown,
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and their ventral side ipward. Jntil they reach ten days of a.»y, they.wwim
clasely eon regited, just ander the surfac- of the wuter, ATtar 10 days, they
slowly Vvegin tn bisperss throash ottt the pond from thalr "t-pretherness!

;.8 the larvae approuach metamorphosis, they Lond %o jiumn and maybe stranded
up ont of the witer. Hosqiito screening was appliec o thn ed-os of 1.4 tank
and proved to he the solution £or '“his protlem,

Z'nems the larvae arc —lanvtonic, they raidrs fond particles tn ﬁe suspen:‘ad
al nat the water intil eniiletnl - consmed. Certain equipment such as verforated!
wip tules, air st-nes, and spesizllr designed tanks with pr-perly cirevlated w
witer have Yoen used with preat sucrees.

Tivn fosd (e.ge Arten’a Nauplii) and sultable sized partisies are the proe

Farred anhtstanco.ol the larvae, Larvac swin wille e.t™ng and eateh their food
with the maxillepeds and thorieic legs,.

iha larvel urevwth paty 1z gomewhat Jrrepalar alter L0e first Lhres sta-es
atmg Sndividiils.  aring the first 4vo st.ges, the eps sac is st1ll akiached
tn the larvae, :roviding fanid for &' em, Teed'n~ during this naeringd is considered
LIscessary,

In 1 t~ 1% dars, “he [irsh netam~rrhosis into :ost-larvae can be exnec-
bed, The tennaratnre should be at abnut 27°C and salinitr at 12%, withan
adequate food s prly. ractors such .s temperature, salinity, demsity, und fond
“ntermine the t7me it tales the larvae t~ complete metamopphosis. Larval de-
velapnent has hesan repoeted Lo tale frm 30-L% days. Prawn larvae are survhaline
and can tolerats 1 %o L5 salinities, but a 127 salinitr 3o ms nast ddesir.tle
far tihe larvae.

IV, JUVELTLE RAWKNS

lependin~ ~n temperaturc and -~ther fagt~rs, 1815 duys after hatching, the

Iuryne crmlete thelr develnmment. After metamnrphasis they res mbla adu;ts in

appearance and ~eneral hehavior. They are o l-nger planktonic and settls to
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the substrate and bec-me crawlers,

Turing this stage the larvae ire still referred to as post- larvae(PL),
Althonsh distinetion batween UL and juveniles 1s a matter nf size. They are
usnally called IL for absut 60 days. D wring the 40 day period thay moult
averv *en days, -row ra;idly, and can attain a length o™ 5 centinaters.

Tre transition perind froa FL to juvenile iz a vilneralle ti+~ for the prawn.
The babr prauns settle to the hottem or cling t: objects .ind are subject to
ag ression or camiibalism ‘pon fellow prawms. Predation by such creatvres as
dragonfly nymphs is also a threat. Sh'lls, twigs, and other nbjects suffice as
proper substrat: and reduces casualties.

suring the two month period t)e hweniles inere.se th:ir hardiness and san
t~lerite variable temperature changes.,

Juveniles can e stoeked in pronds o grﬂw—out facilities where tempsratures
are siitable for growth, such as tropical regions. In tewperate 3oneé, it is
prafarnbla £o maintain jnveniles in rearing tanks for longer perieds until
temperatures hecnne siltable, usnally in late spring.

Feadinz Juaveniles may not be necessary for the first 120 darys if the pends
have a ~af “iclent sapply o natnral fonds. “awerer an alinndanze of natril
fertilizers are required for pond fertilization. This practice nay be applica 1=
in tropieal pegions nainly,

Denxity is a4 najor factor in the moptality of stocked prawms., L density
of 12-13 juveniles per sq. meter, with an average of 15, results in a 503 mor-
tal{ty rate. Lower densitiss produce higher survival and mor: rapid growth but

also alowsr harvest, Higher densities result in toth lower survival and prowth

rates.
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Vo  waDRIG 5 LTU wp PNES
A critical factre in the creo of prawn _raxhuwetl-n i Torde Ywoh-thizds ol
the »hrineinal foo0d enst s ddfing the grow-nnt stages.  "hen the pramm is
grar'ng to m.rketalle size. “jepending on the type ~' grow-ont srystyr usad,
profit may e very sensitive +n ‘o~ egoshs Lo o lwien rrawms ~f a given size,
“here ar a ¢onsensus %.ab much a7 ‘ltisnal reasesasch 5 neraded m Tond realire-
monts of prawns 2.0 grans and up."2

Charaeteris I8 ol an ~iddmize? pram faned Zov srav=o 4 4o marieta! 1s size

are as follows:
a) Costs as little as ros=ible.

b) lrovide salficient prowth.

e) Zematn stalle withont lenehin- o) mwtrdents Jor up
ta 24 hoars.

d) be handled with aa2zn und eonvowlanee,

]
~—

Y omar REPRTS 1 oAt
cavo o e shell Pifle.

Contain nmiterinls Lthat east and s~ - dontt “luctuate.
ton drastically.

&
N

g) Desir.ble 1.~ the irums,

h;, 'e disease i'rne an n..-taxlc.

“ed el remuires 777 anlmal crotots and 277 s gretsble material

A spoel
kigh in starch. 7oan: prawns row best -n bintspa sentafnt o hich a-rlase st reh,
I Aslin, saybenn curd ws »~ooecrte’ b o orews sueesstinl in 1arval culture,

Dwenilas are umuallr = vaf 2 11 srowennt g§rsh mg aftes S s, onds

are 03t eommonly usod and some calturists use Lantes. The prams are Jod ad it
ratlons. Varlous hres ~' "nods e el waed gweness iy ol as echislan )

1 eriles a*. atfic . selleus, "alst n-"urdn.'s sxperimental larine Rations,

d
;
4
5
-
o

brodk wad shriag chows, aad .ragon 1o'st pellebs,

wst prawn Jrow--% Lo ~ne dn earthen ponda. AL subdonr vonds, there

.J.

is a nomal rdgae Vioo1, 2omdnaThon  ondatlon, el T oth andel and plent lifle

-

exlsbing on bhe pond “ottom, ¥ s iz i Jer bl bhob the naraal S ehivliby
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of a nond makes a contribution to pram grouth, 110 She percent.:o A7 €aed tha
nond ;'rnm'rl:-':s. is unknom. 3
Jresent feads produce ruoms 7 sablicactors aality, Tat 4are Is sHILY.
a neol Lor Loorovementss besides Tulue g SGL{HLﬁctnr; growli, the aca wreuds’
alsH result in excellent taxtur , [lavor, and enlor,
VI, uISaiba

Freshwater prarm culturists have "wd o rir Jil7iealties with disee. than

enlturists oi other crusticenns., The fmevolr.chlg speeles apjears to La very

ot~y and @legage rasistant. oo vtheles:, ermplications e oo ures and will

prabablr ke . An oconrlng.

bowash AL lewdh; s teeroa Tack el e os
Poroan? ?‘_d:w:ﬁ*uidws T Toagalbliaps, and R oap:
is s o e inioen aman ol +, transiont
AT ga1eas Lo cangel prawt o enare )

Y-

s'nx lioomenes,

STionm o sasioan
Y of the e infactisng that has, s> Jar jresont-d prohlsas to i, “nsen
Yargii is o Aisease Imown asttlack spoet®, The orliitien was to increass water

flow and raqave residiss s nua eidhen fn-d.  Later, the additim a7 34 salt was

founi! t ke e active.

Cansas “nr - rawn sise tahllity could Ye weber ality, lack of algae, intenss
" . - " 3 {% ]

light esposar., inadsquiate diet, and hl;h.kﬁ, 211 ol which Yewar the [rains

roslstence and c.use shress and Uatlipgae.

In spite ol the few wi_e-owis, disease is not corsidererd tn la a major

atintaels o svereosme in coa eraial pram culiare,
VII. 1700 siawi
S1itable systens Poc prom o lture depends on tho arsa ‘n which thie operation

‘g tn ! :7e place. There must he su llelent sup lies »f land and high o ality

witer. There i3 na agreement ~n ths arvuand -0 land that i5 needed t- sustain

a cwmnercial eniLorprisc. Lt ha: Leen stated - at anrthing under 2 thonsand acres

is ton s121). Par a aajor enturprisas, with oads aen ying two-thirds to thre~-

fourths of the area. Lscential quantities of water, ~’epeisil'ng o 'he 1nw rates,
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could be as much as 10 millien callons per day. Other elements like capltal
costs would hike acenrdingly.

Frawns can be cultured successfully in ponds, racew.ys, trrughas, and tanks.
Open Tlow-throngh syst:ms, recireulating systems, and partially clased systems
are suliable. Frawns can te culture as a single cropy or with a e-mbination
»{ other animals in polrculture sgstems. Culturists may depend ~n natural temp=
eratiure or they may increise them br t e direct application of energy, solar
heaters, and the addition of thermal affluent.

zartnen ponds have been prnfitatle and most successful ‘n prawn culture.
Urodiction rean er from 2500 t-. /000 pounds per .cre per year,

The size of the prawn is usually determ ned by the ease o’ har est ng and
pond maintenance. Common sies are half-scre and acre, thongh there are many
variations. ‘mn~-tenth acre ponds have been used to hold brood stacks.

There are tw~ methods for harvest'ng, drain‘ng anc seinine. Draining is
the mnst faas*ble and requires less labor.

If a 50 mptality is to be expected, then the ponds must he stocked with
twice as many Jmwvenriles than are &~ b: harvested,

VIII, TROCLSSING AND MARPKETING

"nrket sl e and elasticity for Malaysian prawns is unknown. Some markets
Wwith limited supplies bring prenium prices. 1In Hlawaii, wholesale prices ar-:
from 33,00 to $3.00 per pounl, he.ds on, with the retail prices at $4.50 to $L.95,

Malaysian rrawns are highl: jerishable., For long shelf lirfe, killing the
prawns by [lashfreezing, and then holding them at a constant -30°C was recom-~
mended. Lower temperatures are better, because the ice crystals are smaller and
tissne dammge is reduced.

The fresh prodict 1s in greatest demand. To maintain their gond condition
the prawns are blamched before iced. The 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 im the teche
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nique is a 6 day shelf life.
IX. ECONO:ICS OF PRAWN CULTURE

In Hawaii, the cost of raising prawns to rarket size is preséntly about
$2,00 per pound, The costs of feeds are about ;2 cents per pound of prawn pro-
duced. Labo costs are estimate to be from 30 tb 404 of grow-out costs, and
the feed at 22%. In order to reduce costs of grow=-nut, machine labor must
r place hand labor to the greatest extent possible, and a less expensive feed
is defifitely needed. Annther possibility is to increase the éurvival from
the n-rmally ac~epted 507

Since Prawns are  resently somewhat espensive,.there pnses a question of
what will be tli2 market for Luxary foods during a serions, world-wide recession
ar depresgsion, if such were to ocenr,

It seems ajparent that the [reshwater prawn indastry will not be able to
sipport mass market cvltucing until the marlet is large enough to sﬁfﬁiciently
matbh the demand and decrease the cost. |

X. CONCL SSION

ilthough hatchin; technolegy and prﬁcedures in cultur ng are adequate now
tn supply and s port small localized enterprigses, they still require improvement
to échieve hizher volune and year rounc post-larval cubturing at much lower costs.
Refinemenis should seek to utillze natural energy and nutrients in order to avoid
such heavy dependencies on the rising costs of power and feeds.

Feeds and nutrition are of major importence n the conclusion that grow-out
aconomics are probably the main goal to overcome in the ealture of Macrobrachium.
More wrrk shonld be < ne -n the animals themsclves in order tn find out their
mutritional requiremernts while looking for better and cheaper fe.ds., The pond
in which they grow should be studie:’ much moee int:nszly to understand the
ecnlorical relationships between the two. If an energy balangve was met between

prawn and pond, it might quickly reveal not only better nutrition but easier-and
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Chearer pond management., Controlled experiments and pilot operations are required
For suwch n=zeds,
Problems in health and disease in Y, Rosenbergil have been few and minor,
8o far., The ones that have risen have been treated successfully, However, it
is eventually vossitle and expected than more complications will surface ase
higher density culture is achleved. It 1s sug ested that a disease reporting

system he established and a Macrobrachium pathology center bhe created.

In eudtur'ng, experiments wlth power plant cooling water effluents should
be perfected. Ixperinental culture systems should develop advunced techniques
in mass eulture as a public service, governmen® funded of eourse. Eflorts
shoul-’ he ace mpltshed »y attémpts tn achleve prinary improvements in the cost
and effectivenes~ nf prawn ¢ ltmre s/ltrms and pond ec~l-gy.

le Auestiqn of prom énlttre ecnnom’e¢s has several prosrectives. Tne
would re 17 it were wrise to hn aheid with the development »f a cultured lixury
food when threatened with recession and depression. 6ultured crustacea may be
the only way lelt to satisfy the demand as the w~rld reaches the maximum yields
~" wildskock that is sustainable., A futuristic yperspective is that a cultured
product with low man-nade ener y products as beef feed~lots. ifarket size is
deternined by the wholesale price of t e prawns; hence, cost-effectiveness on
grou-ont is an absnlute must if freshwater prawns are &ver to becone an industry
nf economic significance.

It time, money, research, and much deitrmination are put forth by culturists
the Malayaian prawn may turn out to be oné of agmceulture's major breakthroughs
in farting our waters., If man can master the art of zrowing all his food, puf-
ting to nse the full potential of his resources, there may never be another
starving, protein deficient body on this earth. The siceessfull culturing of

dacrobrachium Rosenhergil is a rositive step toward a goal of universal

contentinent and satisfactinn.
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MANGANESE NQODULES 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

Japanese program for maganese nodule exploration

International laws to keep sea mining

13 Existing rules of international law

2) U.N. Deep Sea Committee prospective issues in a legal regime.

Part 4
Part 5

Introduction

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 midway 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'V%idev1a data
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charts, nodule beds were patchly 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 in
low sedimentation areas and calmer waters where they thrive.

Generally manganese crustal thickness was in the order of Imm. The rate of
accretion was from 1-10mm per 106 years. Their 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 which these nodules are most

plentiful. There are at least four major reasons why Hawaii is a "natural” for

manganese research and related studies.

Our_geographic location is the center of a great ring of Pacific Nations is

the most obvious 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 increasing amount
of marine services with a new oil refinery for serving foreign bottoms has been
built, also an encouragement of the use of harbors for more economical transshipment
of goods by surface and air to other ports has been proposed.

Because of its central location, Hawaii 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 indications that the formation of nodules is somewhat based upon the

presence of volcanic materials.

The second reason Hawaii is important is that we have a strong foundation of

of technical expertise and facilities in_our island. Many people may think of

Hawaii only as a tourist center and an agricultural state. However, Hawaii has a
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nunber of intermationally known ressarch 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 using science

and technology in an_innovative and sophisticated way. 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 cohvert
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 manganesé
nodules for low cost operating fees and high capital and gross income.

The fourth factor favoring Hawaii as a center for manganese nodule work is

our "Fareign Trade Zone", part of our Department of Planning and Economic Develop-

ment. It 1s one of seven such Zones in the United States. Material may be Tanded
and processed, and the original or processed products shipped to other countries
without payments of import duties. The Trade Zone has ether special attractions
and incentives for international commerce.
Metal Content of Nodules and Values

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 1.9% nickel, 2.3% copper, 0.2% cobalt and 36% 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 concentratior of nodules can vary.
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The highest concentration of nodules presently known is about 100 kilogram
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 being
considered as economic to mine. High grade noduies are generally 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 considering the nodule deposits on the
ocean floor is it will represent a means of reducing pollution of the atmosphere
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 for
sulphur dioxide power plants.

Deep Sea Mining Systems .. .
Hydraulic System and Cable Line 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 hydraulic system 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 centrifugal

dredge pump and air 1life pump.

Capital investment in both systems presently being planned or under con-
struction range from about 30 million to about 60 million for systems capable 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 overall economic use-of a hydraulic system, in general, indicates a
total capital investment of at least $30 million. The process plant investment
costs $§75 to 100 million capable of handling 1 mitlion toms per year. Total
capital investment of nodules mining and processing 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

lToop 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 fi1ling with nodules then returning to the top.

Operating the CLB system is relatively minor with capital 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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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 will
be located aboard vessel with access to repair.)
The use of the cable 1ine bucket ﬁil1 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 70%. Operating cost would 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 hydrauiic-dredge pump will . . .
1. 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 . . .

1. efficiency rate of recovery higher - 90%
2. capital investment higher than CLB
3. gross net profit higher than CLB
4. reduce poliution on land than CLB
5. made for large hauls
Against . .

1. 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 . . .
1. no measurable effects to ocean floor
2. may harm bethnic organisms and their habitats
3. no growth of phytoplankton

Reasons for . . .

1. Tow in price to operate
2. gross net profit of return investment higher
3. gross net operating profit higher
4, no measurable effect to ocean floor
5. can go to recover any depth
Against . . .

1. recovery rate lower - 79%
2. can only take so much in one haul
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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 Timited 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 resocurces, 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 0il which is rich in sulfur. This is why it's so polluted.

A Japanese University ship and a study team visited the linited States
under the direction 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 (12,000 feet). This sparked a major proposition in Japanese Nodule mining.

Dr. Mero 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:

ship charter . . . .. $5,000
CLB ($1 million; 3 year deprec1at1on) 1,000
other fees . . . . . . . « ¢ v v o v e e _ 2,000

TOTAL PER DAY $8,000

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

Timited in amount, and they could not test it in large quantities.
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Japan and several companies are testing several modified means to recover nodules
with the Cable Line Bucket. These are some of the ventures underway in Japan, .
1. build new surveying ship by 1975
2. conduct a nodule survey by that ship beginning in 1976
3. reconstruct the CLB and test it in cooneration with other interested
countries 1975-1978.

International Law Apnlicable to Deep Sea Minina:
Existing Rules of International Law and Arguments

With regard to existing rules, the threshold question is, Yhat 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 rights over natural
resources of adjacent submarine areas.

These area rights extend out to the 200-meter iscbath or beyond that, to
where the depth of the superadjacent waters admit exploitation.

Another argument that came up was, do the rules of international law aoply
to this area beyond national jurisdiction, which we shall call the "deep seabed"?

In general, the Convention on the High-Seas, which is generally declaratory
of established principles of international law, confers rights and imposes duties
on high-sea users. The foremost rule is that no nation may assume sovereignty
over high-sea area,

Specific freedoms such as navigation, fishing, laying of submarine cables
and pipelines and "others which are recognized by the general principles of
international law", are orovided.

Another task that came up was what relevance is high-seas doctrine to nodules
mining?

In brief, it means that until accepted rules emerge governing the miner's
activities, he has an international obligation to pay "reasonable regard" 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., Who has title
to the manganese nodules resources?

To answer that question it would be impossible to define but so far those
having the technological capability to exnloit the resources micht find it in their
interest to maintain that the nodules belong to the first possesser.

A1l one could say at this point is that existina high-seas doctrine would
permit some protection of one's rights to exercise high-seas freedom. Also
reasonable criteria would have to be marked against specific facts and the
International law does not provide the minor or his banker with the type of
security such that of land mining.

United Nations Deep Seabed Committee on
Prosnective Issues in Legal Regime

In 1970, the United States put forward the first detailed and comprehensive
proposal for a regime which would apply to the mining of manganese nodules in the
area beyond national jurisdiction. This was the beainnina of the linited States
Draft Convention on the International Seabgd Area.

In the U.S. Draft, an "International Seabed Resource Authoritv" would have
the power to license the minina of manaanese nodules and would cdrry on certain
supervisory activities in connection therewith,

Essential to the U.S. Proposal are the international standards to protect
the ocean from pollution, to protect the intearity of investment and to prevent
unreasonable interference with other uses for the ocean. In addition, the
United States strongly supports sharing revenues for international communitv
purposes and compulsory settlement of desputes.

Several important issues have emerqed. One primary ouestion is who would
control an international authority?

Obviously, the well accepted principle of sovereian eauality in U.N.

affairs implies that each nation is entitled to be treated as a sovereian.
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The United States has proposed a governing counsel composition and voting
structure for 1ts proposed International Seabed Resource Agency which would
accommodate both the one-nation ~ one-vote principle and the leaitimate 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 negotiations before this question is finally settled at the
Law of the Sea Conference.

Nne other issue of concern is orospective world supply and demand for
extracted metals,

The most relevant document regarding prospectiie international law con-
cerning deep seabed manganese nodules is the Declaration of Principles adopted
by the U,N. General Assembly in December 1970. These principles will provide
the starting point for the multilateral treaty terms on the deep seabed to be
negotiated at the Law of the Sea Conference.

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 principles go on to
state that no claims or rights may be acquired with respect to the area (and
these are key words) or its fesources, incompatible with the international reqime

to be established.
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A LOOK AT MANGANESE
by Rene M. Tanaka, Hilo High School

INTRODUCTION

Manganese nodules discovered by Gahn in 1774, can be found on
the Pacific Ocean Floor. 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 minine these nodules they have not done so yet.

In this report, I shall give a brief discription of the man-
fanese nodules, why they should mine them, its effect on the United
States and Hawailil.

I have chosen to write my paper on manganese nodules because
I feel that I should do some regearch on them because of the
elements that could bring alot of money to the U.S. Also the
ways 1t could help the economy of the U.8.

Mathods of Resgearch

"y method of research is of bocks and newspaper article. I
wvent 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 Advertiger.
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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
these nodules could save alot of money for the United States.

Although along the Hawaiian Island there is alot of manganese
nodules the richest contrates of manganese is located in an area
along the equitorial belt of the Pacific.

John Mero of the University of Califeornia has estimated in
1972 that there are 1.4 X 1012 metric tons of these manganese in
the ocean floor. He also believed that the nodules could be sold
at a prrofit of 320 a ton. Which would amount to over one billion
dollars.

The mancanese nodules will grow in areas which have a low sed-
imentation rate or where there are strong currents that prevant
other sediments from settling. The melting point of the manganese
is 1240' C. and the boiling point is 1900° C. The atomic welght
is 54.9380 and the atomic number is 25.

Yanganese 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
nave to import any more nickel and cobalt. We could even make a
profit if we sell some to the other countries. In mining it more
jobs will be available for the unemployed. But unfortunately the
area of rich contrates of manganese 1s 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. Hawail 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 increaring. Minin;: them in Fawaii will make the cost of
copper, sodivm and the rest of the elements cheaper for the resid-
ents of Hawali to buy then 1f it were processed in the mainland.
Ther~ are alot »T advantares of having the plant in Hawaii but we
must also look at the disadvantages. OSuch as if the plant should
pollute the beautiful shore water to process the manganese. Or it
misht cause some other problems. Before we dJdo agree on allowing
a company to builé a plant here in Hawail we should look at the
pros and cons very carefully or we could mak%e a bi- mistale.

If a company does process these manganese nodules how will
they do it? I think that they should melt_the nodules and extract
the nickel and cobzlt. Or they could :srind the nodules and extract
the elements they want.

%ining the man-anes~ could effzct the economy of the United

States. It could also help in the progressing world of today.

CCNCIUSIDN
In concluslon I weuld like to say that manganese will suraly
effect Hawail some how. And we must not mnk~ a wrong decision.
For I feel that if we 3llow the coapany to build their plant here
_we will be the ones who will either be lucky or suffer what it does

to Hawaili.
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MARINE RESOURCES: PROBLEMS AND REASONS FOR MINING MANGANESE
by Jdan K. Miyashiro, Kailua High School

A et

Presented here in this paper are debatable issues concerning the develop-
ment of manganese from the bottom of the cocsan, Five resources wexe used to
obtain information on the problema and potentiala. in the miting of sanganess,
Problems discussed have to do with the effecte on the marine environment mining
may have, economical, legal, political, and technological feasibility.
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Introduction

Manganese nodules are shaped like lumpy potatoes and are approximately
five centinmeters in dlameter, There are many theories as to how manganese
nodules are formed, Two such theories are: 1) Many scientists assume that
manganese and lron particles precipitate out from seawater, and accumulate
Particles 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 size. It continues to collect mineral runoff from land or mate-
rial from undersea volcanoces, 2) Other scientists believe that natural cata-
lysts separate and concentrate minerals to form nodules. Most of the time,
the minerals form around a small, hard pelce of matter, like a stone or plece
of bone,

These nodules were discovered Wy the HMS Challenger, during a three-year
expedition lanting from 1873-1876. The nodules are found in the Atlantic,
Pacific, and Indian Oceans, but are most abundant in the Pacific, Nodules tend
to form far beyond the continental shelf, at a depth of about 4 to 5 kilo-
meters.

Manganese nodules contain approximately thirty different minerals,but
interesis have been centered on only six: copper, nickel, cobalt, manganese,
aluminum, and zirconlum, Because thsse metals have a great role in everyday
American life and in technological material, there has been a growlng interest
in the nodules, waever, the nodules are not easy to obtain.

The problem is that by mining on the sea-floor, the balance in the ocean
environment could be thrown off. Other obstacles in the way of development
are economical, politieal, technological (methods of obtaining), and legal con-
siderations. If we are not careful in exploiting the ocean's resources,

dependent marine life will suffer and dle, and the ocean will be in a terrible
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plight. The ocean must be studled so that we can take resources without
harming it. For economical reasona, a use for all or most of the nodule should -
be found before it is exploited; this is sensible since the cost of exploitation
will be so high. There will be more industrial product per nodule for the
money's worth.

Body

Technology presents a problem bacause many methods used in nining may be
economically unfeasible, or damaging to the environment, Here are two exanples
~of technology and the problems they may cause., These methods may be used in
the future; 1) The "continuous-line-tucket system” .15 a procedure in which a
bucket, attached to a cable, 1a let down to take some nodules, The bucket is
then pulled up to the mining ship. 2) The easier method t» use ie hydraulic.

A long pipe, connected to a dredge head will be towed behind the mining ship
and dragged along the seabed. Pumps will be used to suck up the nodules and
bring them to the ship.

First of all, the problem with both methods, or with any method is that
we do not know enough about the ocean to be zure we will not hara it by mining
for the nodules, If we do mt know how the ocean will be effected, we should
not tamper with it mtil we know more about it, There may be vital nutrients,
food, minerals and other materials that take part in balancing the ocean envi-
ronment,

As Soucie (source of information) says, if the bucket system is used,
sediment will constantly be falling on nutrients vital to benthos. (Benthos
are animals that live on the ocean floor. They feed on algae and other marine
life that live on the bottom of the ocean. As the bucket is pulled up o the
ship, thie food ie buried.)

As a result, the benthic creatures will starve, if not be buried, and
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anirals feeding chiefly on these creatures will alsc starve, thus disrupting
the food chain.

In fact, both methods will in some way stir up minerals and particles
causing not only problems in the food 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.

This means that the concentration of minerals in surface waters may be high
too suddenly to support 1ife. (Most sealife cannot stand sudden changes in
their environment.) Eventually, if enough minerals are dissolved in the water,
eutrophication may result. (eutrophlc--rich in dissolved nutrients, but lacking
enough oxygen to support life.) If more salt gets stirred up and dissolved,
many creatures who cannot adapt to slight changes in salinity will perish.
Because of the turbldity of the water, sunlight will not penetrate well, and
plant 1ife cannot use the sun to help them produce food (through the process of
photosynthesis). Since plant life is the first step of any food chain, animals
as well as plants wlll perish,

Soucie comments that when the water is turbid, animels will make an effort
to move cut, and others will avoid coming in.

This is because turbid waters block the sunlight, which prevents plants
from getting thelir food, which in turn prevents animals from getting their food.

Another piece of equipment that may have an adverse effect on the ocean’s
sealife is the drill, or some other heavy plece of equipment. When these heavy
pieces of equipment are dropped tc the ocean floor, benthle creatures could be
crushed easily, cutting down their population, and creating probleas for
aninmals that feed off the benthos.

Besides causing an unbalance problem in the ocean, the discharge from the

aining ships will cause water pollution., Processing the minerals will produce

152



pollution, and wastes left from the nodules after processing, On the average,
refining factories will throw out 90% of the nodule as waste, Some factories
are planning to process copper and nickel which makes up 2-3% of the nodule,

So far, only one company is planning to process manganese as well as copper and
nickel, |

On the average, nodules contain about 2% manganese, 1% nickel, 1% copper,
and 2% cobalt. Thease percentages may not look too high, but compared to their
Percentages in material found on land (ores), they are very high. In the
Pacific, there are 1 1/3 times as many reserves of copper as on land, 10 times
as many reserves of manganese, and 13 times as many reserves of nickel., It
costs a company more to mine a mineral with a smaller percentage of it; this
is why we are so interested in the manganese nodules as a resource.

Doctor John Mero, who wrote Mineral Resources of the Sea, takes special
interest in manganese nodules because they are so mineral-rich and abundant.
He predicts that there ies enough zirconium, copper, manganese, aluminum and
cobalt to last man for thousands of years, If we started produeing these
minerals, we would be able to produce more than we need.

We can now see the value of the nbdulos. and also soms problems of getting
them, They are so far down from the ocean surface, and about 65 kilometers
out at sea. |

Location of the nodules will bring up a legal and political problenm,
Countries will debate over rights to areas contalning manganese nodules, Those
with long coastal areas will fight for possession of goods within a de=ignated
coastal zone, and those with short coastlines, no coastline at all, or with
poor mineral content offshore will fight for semeihimg-like sharing minerals
found anywhexe in the ocean, There ld.li be much international competition for

the goods, and much negotiation on laws of ocean mining.
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Once politlcal and legal problems are 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 continve to be toward single-pur-
pose uses, motlvated by short-term advantages to individuals, industry or local
governrents, Such exploitation may actually dissipate resources, . . Bach
single-purpose use may seem justifiable on its own, but the overall effect of
piecemeal development can be chaos,"}

In order to prevent some environmental harm and to 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 environment. All of the seasons of the year will
have time to occur so that the sealife may have time to follow through with
their natural lifecycle and migration habits. _Enough time will be given so
that these life foxrms will react fully to the mining situation. Because
researchers will be working in a defined medium, they can find out exactly what
is affected In the area.

Conclusion

Mining 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 harming the environment since

less of our resource will be used, and at a slower rate.
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Footnotes

1Edua.rd Wenk, “The Physical Resources of the Ocean,” Scientific American
nagazine, Septenbc:r 1969, p. 354, ’
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The Seabed Controversy of the
Third United Nations Conference on the Law of the Seas:
Who Shall Possess the Great Wealth Beneath the Sea?

Jo L. Whitman
University Laboratory School

Abstract

A major decision that must be reached before the Third Inited Nations
Conference on the Law of the Seas can progress is the degree to which the
doctrine of common 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 Controversy of the
Third United Nations Conference on the Law of the Seas:
Who Shall Possess the Great Wealth Beneath the Sea?

In 1967 Arvid Pardo, the Ambassador of 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 thisnew principle by the nations of the world.l
At the same time the United Nations created a subcommittee for the purposes
of studying a possible regime for the peaceful useg 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 of 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, or common heritage.

One of the major purposes of the Third United Nations Conference on the
Law of the Seas is to 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 would merelylact as a regis-
tration 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

1- 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 underdeveloped countries, for
a "weak" and "strong'" ISRA, 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 am 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 “éommun interests" of all
nations through 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-
glomeration 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.

Background: The Ocean Setting

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 henefits. The traditional
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concepts of res nullius and res communis, under which a rescurce 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 pollutiom 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 semnsitive 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 commmis 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 imvesting and have the under-

developed countries (UDC) share the profits as provided under the common.heritage

idea.

Common_Heritage Investment and Profit ''Pies"

Investments Profits
figure 1

ldealists 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.

Realist Investment and Profit ''Pies"

Investments Profits
figure 2

The size of the two sectors of the profit "pies" is undefined in either

case. Financial 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 "stroug" authority (each with their own plan for the
distfibution of benefits) that has been the most decisive factor in influencing

the present deadlock.

The Idealisi's_and the Realist's Profit Distribution "Pies"

Idealist's Realist's
figure 3

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 Kemt, include:

1, Peacefulness- The resource should be used only for
peaceful purposes.

2, Equity- 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 greater share of the benefits should go to the pooz.

3. Envitonmental Integrity- As the heritage of the future
as well as the present, users of the resource should
show respect for the environment, limiting both
depletion and pollution.

4. Common Management- 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. 1975. "The Common Heritage Idea" third draft, page 4.
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The following table3shows how the developed countries and the underdeveloped

countries view the ISRA.

Issue

J—

The "weak'" ISRA:
Developed Countries

The "strong' ISRA:
Underdeveloped Countries

Eﬁo shall be allowed to
xploit the seabed

any "responsible' state [|only ISRA may mine. ISRA

r corporiation should be

should have a monopoly,

Tresources granted a contract to control of sale of
ine. amount of royalties [products, and distributeé
specified in contracts. [revenues. '
How much power given to little or no discretion |[ISRA acts as an autonomous

ISRA

or flexibility. Equal

all. everytiing written
into the treaty.

(favorable) treatment for

international organizationl
fhas flexibility and
discretion, few or no
restrictions.

ow much ISRA control of

access and rate of

kevelopment of marine
esources

unlimited access, coun-
tries can take whatever
they wish.

ISRA given authority to
refuse Or grant access and
to determine rate of
development .

. How should operating

Kdecisions be made

requires affirmative vote
plus majority of six most
developed nations,

should be a council, which

major power in ISRA
assembly.

[How do underdeveloped
countries participate
in deep sea mining

y participating in min-
ing operations (borrowing
capital and technology
from other nations).

hrough ISRA: equal
articipation in
anagement. UDC's
epresentatives would take
art in operations {(mining
d refining) to gain
nowledge.

. How are interests of

land-based producers of
pinerals to be protected

jmonetary compensation
from the international
fund.

leffective production and
price controls.

rine mining companies

ow can the security of
e assured

should be written into
treaties and contracts.

ISRA can change contract
terms.

ow much of profits
should go to the ISRA

fee for grant, royalties
on production in contract

all profits to ISRA,

ow will ISRA adapt to
|changing conditions

treaty specific, no
provisions for change.

ISRA should have plenty of%
discretion, treaty flexible

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 the

3- Ocean Educatien Project. An Intermational Seabed Resources Authority and Deep

Seabed Mining, Draft on.
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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 specified in the treaty.

If anything in the contract, including environmental restictions, quantity con-
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
té:resources, and to limit the rate of development.

Mining companies would apply for contracts, submitting completa 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 to the size, and concentra-
tion of minerals in the area contractéd to be mined. The companies must also
submit financial reports azlong 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 amount 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 15 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 to 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 thapoor 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 seemsto be
deadlocked. Some agreement must be reached soon, before 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 our 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 compromise, 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 technoiogically 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 res nullius or res communis.
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 heritage.

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, NOVEMBER
29, 19753 A PRELIMINARY REPORTwaes

There has been a great many sarthquakes 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 sqld that before the great earthquake there had been humerous fore=-
shocks which followd a 5.,7-magnitude jolt at 0036 that same morning. But the
terrible thing was the tsunami that had followdd, That tsunaml 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 undergcne many centuries of slowly but never ending sinking. Sclentist say

that Kalapana shall sink abd 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 after intense bursts, glows, or flashes of white to bluish
lights lasting from a few seconds to about minute, were observed by many people.
Incleding a few of the Halape campers which had been traped in the tsunami after the
earthquakes. This earthquake caused alot of the subsidence of South coast., At
Kalapana there had becn a Lagoon in the area betw en Hakumaapoint 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, 1 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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KAIMU SLOWLY SINKING INTO SEA,..

The Kaimu Beach was once a beautiful smooth bdack and beach extendlng far out,

which unfortunately 1s covered consid rably by the ocean waves now. It is true

that the sea 1s 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 cbservation 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 tb Kalapana this time. During high tide

the waves would cover the road. This also changed Kaimu's ocean currents, Now

the wave washes 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 would 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 organizations have put out an effort to improve

our regreation areas. Bitllding a break water would heve been costly and a temporary measur
for it 1s 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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METHODS OF PROPILE GRAPHS.ccaccesnes

Exact locations of profiles were determined during survey of Kaimu beach on 3 July
of 1975. Each of these profile locations was then fixed by meang of marking
coconut trees two meters above the sand level at bemm level, (At times we would

go down 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 one long expanse of beach surface, rather two profile locations were
fixed on each beach., For exact locations of profiles refer to figure 2.

From July to November a total of nikne days were spent aobtaining
profiles are graphed in figure 3, The dates of profile taken are color-coded

for easy references;

3 JulYeessesssesePink
Jul 174sesscessccscsSreen
JuldljeeseesvnsanssViolet
A MeseesacescanscaBlue
Sep esessevesssessOrange

Nov22eeasenssesssessablack

All dates 1975 circles in profile lines on the graph are points where measurements
were taken along the surface Vt beach.
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TO GRAPH PROFILES:

First change meters ( on distance measurements) to feet., A calculator is handy

for thls, Use graph paper with six squares to the inch. Scale should be 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 #3 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) from that point and connect the top point with your beginning point,

This will give you the slppe of the beach. Continue like this until profile

is completed. You should come out with a diagram as the abowe,
The December 5, 1976, beach profile is drown out in detall on the following

pages., One site from each of the two beaches at XKaimu 1s used.
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PROPOSED KAIMU BEACH EROSION CONTROL PLAN

The United States Army Corps of Engineers has proposed an erosion control plan
for the Big Island famous Kaimu Black Sand Beach at Kalapana, Puna,

A 1,350 foot long submerged breakwater across the bay would
1lie constructed and a 100,000 square feet &f dry beach area would be developed.
The County, in the meantime, is acquiring the lots behind the beach for expansion of the
parke 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 Federal agencies would only
be of temporary mature,

It is our feeling that only such measure would be a waste of
public funds.
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OIL POLLUTION IN THE OCEAN
by Andrew B. Simson, University Laboratory High School

ABSTRACT

Large quantities of oil is being lost every week as a result of oil spills.
0il tanker accidents are responsible for the largest proportion of the loss,
These accidents are due to poor navigation, poor construction of the ships, me-
chanical M‘, and poor maneuverability. The 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, environwental, social, and

economic effects and the need for legislation to prevent further oil spills.

PROCEDURE

I surveyed major books, magazine articles, and newspaper stories for current
discussion of this problem. My paper presents a summary of the major issues and

recomnends a solution,
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OIL POLLUTION IN THE OCEAN

Late on the night of August 9, 1974, a two hundred thousand ton o0il 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 foﬁr 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 womentum, 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 ggneral 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 0il into the sea.

Scientists that were hired by the oil company said, “There was not much
damage done." This is hardly the case. The U.§. Coast Guard made a search of
the entire area and found that much environmental damage was done. For instance,
there are many penguinlnesting grounds on the coast of the Strait of Magellan.
Hundreds of them were found dead, soaked in 0il, not to mention the flying birds,
fish, and other marine organisms either killed or damaged by the oil.

Another example of oil spills caused by oil tankers was the TJ§ Canyon. On
March 18, 1967, 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 & 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 . 2
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 0il 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
péople 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.3
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 o0il tankers, The other
four million tons come from other sources such as off-shore drilling, run-off,
or just plain dumping.4 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.®
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 ﬁariners 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 Barbara channel was a goof,” said one of the founders,
Alvan C, Wengand.6 0il companies spent millions of dollars to clean up beaches,
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 50'poor.9 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 thé 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
loaded 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.lo

Very little is known about the lomng 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 crude 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 o0il but it is not kmown 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 0il tanker spills in the middle of the ocean scmewhere, 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-
tem) and a pump. A 126,000 gallon recovery barge is used to hold the oil after
it is pumped up. The 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.ll
The solution to the problem of oil spills lies in legislation. Laws must
be qade 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 théy 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 livest They should become concerned

before it affects them.
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COASTAL ZONE MANAGEMENT: WHO SHOULD MANAGE AND WHY
by Susan M. Anthony, Campbell High School

INTRODUCTTION

Coastal zone management is one of the problems facing hawail seeing
as Wwe have a lot of land in the coastal zones. I feel that the people should
have the right to say whai happens to our shores, Personally I feel that
mnost of it should be preserved for the public as parks and recreation arecas.
I don't think that hotels should be able to sectlon off a part of the be-
ach 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 storles 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 as to how
they feel the coast lines should look. I alsoc feel that this is an injustice
to the residents 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 lines contaln such
things as beaches, corals, precious corals, sands, and many cof our reef
fishes and animals etc, Which may be essential to our life in the future.

My reasens for research are that I feel the coastal areas are ind-
eed imprtant and I wanted to find out more about them so I could understand
the reasons for decisions made regarding them, Also I am quite disgusted
with some of the decislons that have been made and want to know why such

things were so important and why.
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The issues which face Hawall 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 bulldings,
another is who should use the beaches and who should decide what to do with
them, A problem which I feel is nessessary to solve is one of shuld hotels
bave the right to section off a part of the beach for it's customers.

Who should say what is done with the beaches, I say its the people.

The ultimate power rests with the people.

METHODS OF RESEARCH

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 declsions were made and who made them, I alsoc 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 that they didn't like,sometimes the
decisions were reversed because the peopke stood up for what they believed
in, I reasearch how the pecple could go about changing some of the deci-
sions that they feel are unfalr 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 decl slons already made form the constitution of the

United States also by talkling to social studies teachers atc.

187



RESULTS OF RESEARCH

I have found that many people think that they should have the right
to say what happens to the places ithey Yive on mse../Mgnyoddt's Jmorihhat ey
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 bulld 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 bave to ruin
fhe surfing area. I found that the people have rights which allow them
to protest any declsions they feel are worng 1) 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 volce
their opinions if they feel they are right and are willing to follow through
with their protests. There arc @bhs¥ things which people can do to try an
reverse a declgion they can write the person who made the decision and
find out their reasons, also to itell 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 golng on.

I think the government should make it a pednt to let the public know what
is bhappening 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 legal

help to change anything they feed is wrong. Most of the people who use the
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for recreational purposes agree that our coastal areas ars being managed 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. One person suggested that within one half mile of the
beaches be left for bulldings 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 T 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 cogstal zonea,

CONCLUSIONS AND RECOMMENDATIONS

I have come to the conclusion that the people feel that they should have
a say in what goes on but just don't know how to g0 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 example 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,

Another conclusion that I have come up with is that the people who
are deciding what is to be done with the coastal zone don't care what
the public feeis about this problem and that 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 pecple didn't have say they would

feel planned upon. They would feel as if their rights and what they think

was unimportant,

I feel we should let the public have a say in the future of our coastal

zones because 1t is thelr future too and we need thelr opinions to help balan-

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 point.

; /\ \

s She
“}g% cmgﬁlifd Al
1 L " "
~ .
T \\
"‘-.,_\‘-‘-‘
"‘-...,__"-\h
”’,/
I‘m
i

L}
-
b J

[ammount of
DOwer

63533L1
F
—

AHaS

TLYT&

o)

7 g Cﬁ 1o A\l 120 1 3 4

...-
e
-+
=
»
-
+
-
|-
=
e
4

190



SHORELINE PROTECTION: WHERE DO WE GO NOW?
by Robert P, Mumfard, 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 sociclogically. 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 qistruction will take
place in our island chain.

This paper will deal with the present Shoreline Protection Act and find
out if it really 1s effective in its present state. If not, the big question

is: where do we go now?
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The present Shoreline Protection Act was enacted in 1975 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 zome
management.

Through these Federal grants the Hawaii Shoreline Protection Act came
about. Its 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
regources." And finally, "Alterations to existing land forms and vegetation
except crops, and construction of structures shall cause ninimum 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 thelr 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:

1) 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 evideant in the southern portion of Kaneohe Bay,
siltation, the soil run-off into 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 to 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

193



coral or plant life camnot 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 té 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
aumbers. Therefore, we must consider what we introduce into the system. It
must be realized that nmatural stream beds and flood plains, the area at the
mouth of a stream, filter out a lot of the silt and g0il in the river caused
by run-off, and absorb, due to plant 1ife 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 goéls, it will try to
"oreserve, protect and where possible to restore the natural resources of the
Coastal Zome..." 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 enﬁironment 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 enjoyment 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 still 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, galinity, temperature, and
general acceptance by people for aesthetic reasons and enjoyment. 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

it 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 posgible cholce 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 rescources 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 groims 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 CZM
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 1s included in the SMA.

The SMA objectives are 'the maintanance, regstoration, and enhancement of
the overall quality of the Coastal Zone enviromment, 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 SMA.

Therefore, it is realized that the present SMA boundaries do mot 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 an&
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 chewicals 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 € the effects that it could have on their coasts.
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CONCLUSIONS

The present Shoreline Protection Act is inadequate to properly protect
the areas that it is concerned with. 1t 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 1s 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 supgested 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 imcluded
in the Special Management Areas set up by the counties. However, the State
will be the enforcing agency and all ita 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 Hawail 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 i1s 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 immova-
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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THE KAHE ELECTRIC PLANT
by Hinda L. Diamond and Sarah E. Kennedy,
University Laboratory High School

The Hawalian Blectric Company proposed, in 1975, to add a fifth
unit to their power plant, which 1s located at Xahe Point. No one
oppesed the building of the unit until construction had already begun.
At that time the Nanakull Surf Club realized that building the out-
fall for the fifth unit would result in the loss of a surfing site,
They flled a sult against Hawalian Electric and obtained an injunc-
tion to halt temporarily all construction on the unit.

After a month of meetings and proposals by the Nanakull Surf
Club and Hawailan 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 problens.

Introduction
This paper concerns ‘he fifth unit which the Hawallan Electrle
Company recently added to thelr Kahe electric plant, which 1s located

near Nanakuli.

In the maln 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 ln some way
with the controversy: one from the Electric Company and the other
from the Environmental Center at the University of Hawall. We were

also aided by several newspaper articles.
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The Hawailan Electric Company is currently operating an electric
plant at Kshe Point, near Nanakuli, which supplies approximately
one-third of the electricity for the island of Oahu.

The plant was bullt at Xahe Point because the ere: ’s relatively
1solated. There is no great significance in the smoke which is pro-
duced by the plant, because it isn't a large amount, and when the
trade winds blow, the fumes are directed out to sea, When there is a
Kona wind blowing, the fumes are carried towards the Watanaes, the
surrounding area of which is relatively uninhabited,l

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 golng 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 1t easier for beginners,

In late 1975 the ElectricCompany decided that a fifth unit
should be added to the power plant in nrder 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 448,000 gpm.

When Hawaiian Electric first applied for permits to bulld 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 40 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 die.?

But studies done by Hawalian Electric showed that this would
eventually happen to the coral with the present power plant. The
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studles also stated that there would be no great harm done to 'ish be-
cause fish should be able to escape any such desyructlve condltions.
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

Hawalian Electric maintained that the expenditure would be too
great using pipes to such a depth, as the estimate taken on rost and
effects was evaluating the value of coral at the highest price of
land in Walkikl. So the company proposed to lay pipes to a 20 foot

"depth.

The Environmental Center at the University of Hawall 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 dlscharge.
The Center felt taht it should stay this way, malnly 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 eirculate.

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.b

Upon studing the possible effects upon coral, fish, sand, and
the 1like, the Environmental Center concluded that no real harm would

be done by operating the fifth unit, and advised that the intake
and discharge areas remaln at the shore. Mr. Cox, a spokesman from
the center, speculated that bulldlng long pipes would add on to
everyone's electrle bills.?

Finally, Hawailan Electric and the Environmental Protection
Agency agreed that the intake of water would remaln at the shoreline,
and the discharge would be done through pipes which were out to a
20 foot depth.6

Hawaiian Electric secured all the necessary permits, and held
hearings, the maln one was held in Makakilo, to which no one from
the public attended, and nothing was sald against the addition to the
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power plant,

Construction started in January, 1976. Then, in April two
surfers, James YBird" Mahelone and J. Tek Yoon, who were representa-
tives from the Nanakuli Surf Club, filed a lawsult 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, Hawailan 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 agaln stated that the construction of the
deep water outfall would ruin the surf site. In 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 Hawalian Electric and the Nanakull Surf Club
could reach an agreement cut of court to settle.

Hawalian Electric fought the injunction, stating that the com-
pany was required by law to constructthe project, but the halt remaine d
in effect.B

Judge King indicated to Hawalian HElectric in a later ruling that
unless an agreement was made, there would be reason to lssue a perna
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.9

It was costing Hawailan Electric $10,000 every day the imjunction
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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Varlous proposals and counterproposals made resulted only in
disagreements. Some alternatives proposed by Hawalian 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 technlques; all of which would add
to current electric bills.

Finally, on July 9, after three days of trylng to reach an
alternative solutlon to a permanent injunction, Hawaiian Electric
Company agreed to build an artificlal surfing site, the first to be
built in Hawali, or give $250,000 to the Department of Parks and
Recreation for making improvements on surfing sites alcong the Wai-
anae Coast, between Barbers Polnt and Kaena Point,10

The agreement called for the construction fo a 200-300 foot
articial shore which would be about 50 to 100 feet from the seaward
wall of the water discharge systens basin. The waves created by the
shoal would accomodate from five to ten surfers. Hawallan Electric
agreed to spend up to $250,000 to construct it. Hawaiian Electric
sald that 1t must obtaln all the "necessary government approval,
consents and authorizations by October 1, 1976." If this was not
possible, Hawalian 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 bullding the shoal, Hawallan
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 Hawailan 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 responsibie 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 deslgn, for a fee of

$40,000.
In exchange for Hawailan Electric’s constructlion of the shoal

or giving money to the city, the Nanakuli Surf Club dropped thelr
law sult against the company. Judge King then revoked the injunction
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and on Saturday, July 10, 1976, work was resumed for the first time
since June 13.
The design commlittee drew up a plan for an artificial shaal,
and the Army Corp of Englneers filsd 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. Tt was not in the agree-
ment for Hawailan Electric to maintain it, and the Nanakuli Sux?f
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 Engl-
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.12

The Kahe power plant is a specific example of economic use
versus recreational use. Another example of this confliect 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 cenflicts,
What is really needed is a larger boundary, which will ald in solv-
ing similar conflicts, and perhaps preventing others from gaining
the magnitude that the Kahe Plant controversy did.
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Summary and Conc¢lusions
We feel that the added fifth unlt was an essential addition to
the Kahe power plant. It provided a needed supply of electrlcity

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 site; it was used mainiy by
beginners, and from our studies we found that the number of regular
surfers at the Kahe surf site was minimal.

Mr. 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 1t usually just ends up getting messed up., We also
think that HECO should keep the $250,000, as thelr offer of money
to the city appears to have been a purely political move. Then the
company could make improvements such as tables, restrooms, etec,
themselves,

The most important point in our paper is the conflict between
an economical use of the marine environment versus a recreatlonal
use. Perhaps if shoreline management could be applied more fully,
similar circumstances could be avolded, or at least any differences
could be solved before constructlon ls started. Sheudd 2onstruction
be astarted, 1t always results in a loss to the company wheo 1s headling
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. DAMICORNIS
by Joel P. Yuen, McKinley High School

Abgtract:
The importance 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.
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Introduction:

Endosymbiosis between zooxanthellae algae and the coral P.

damicornis has been studied since the 1920's by Edmundson (1, 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. Litti% is known
of their biology as free swimming dinoflagellates or of how they
infect host tissue (8).

Pocillopora damicornis is a familiar Hawailian coral consist-

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-
rounding waters and absorbing products of zooxanthellae photosyn-
thesis as they are released by the algae. The utilization of the
products of zooxanthellae photosynthesis by the adult coral has
been studied extensively by Muscatine (7, 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 1.5 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 (10). Research on the symbiotic relationship between coral
planulae and zooxanthellae has been done only on the observatiocnal

level by Edmundson (2, 3) 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 1%C in the coral.

4) the distribution of the 14C in the biochemical fractions

of the adult and larva of P. damicornis. The utilization of the

products of zooxanthellae photosynthesis into biochemical nutri-
ents will be studied in the planula and adult.

Procedures:

Adult coral specimens of P. damicornis were collected from

Ala Moana reef. The collected corals were placed in two uniform
tanks. Water circulation between the two tanks wag created
through the use of pumps. Aeration in the tanks was also provided
to create sirong 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-
vironment 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 NaH14003. In the
light experiments, the polyps and planulae were incubated for 24
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 Ho0 pH 9.5 containing 20 microcuries of NaH14003.

Branches of adult corals and planulae under the experimental
conditions were analyzed for protein concentrations following the
Lowry Method for total protein (6). 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 NaHlLLCO3 were
studied for the uptake and distribution of 1%#C. The radiocactive
procedures used followed the fractionation procedures for small
amounts of radioactive tissue as described by Lenhoff and Roff-

man (5).
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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 24 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.

PROTEIN CONCENTRATIONS IN ADULT CORALS OF P. DAMICORNIS
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Fig. 2. The graph shows the concentration of protein per
polyp in two corals. The corals were experimented upon one Qay
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 radiocactive
particles coEnted per minute by a binary scaler. There seems to
be greater 1%C uptake in the adult coral than in the planulae.
Both planulae and adult corals show less uptake of 14C under dark
conditions.
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Fig., 4. The graph shows the distribution of '4C material
iﬁ the biochemical fractions of the adult coral incubated with- -
14¢, Most of the radioactive carbon was found in the nucleic
acid and protein fractions.
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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-
nig. There seems to be a higher concentration of protein In the
larval stages than in the adult. The free swimming larvae have
360 to 500% more protein concentrations than the adult. The low-
egt protein concentrations in the larvae seem to be in the 2 week
old settling planulae. However, protein concentrations are still
240 to 350% higher than those of the adult.
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Fig. 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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Discussions

The protein concentrations of the corals in the dark envi-
ronment were lower than the protein concentrations of the corals
in the light (Fig. 1 & 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 gstarved 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 1“0 in the corals in the light was higher than
the uptake of 1% i1 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 14c of corals in
the light suggests a higher uptake of carbon in general. Thus,

the uptake of 1%¢ in the corals suggest photosynthetic activity.
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The distribution of 14C 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 radiocactive
experiments suggest that protein concentrations in the adult
coral 1s dependent on zcoxanthellae photosynthetic activity.

The protein concentrations of the free swimming planulae
seem to be substantially higher than those of the adult (Fig. 35).
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. A4s 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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guire nutrients through the capturing of plankton (10), 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 14¢ by the planulae in the light indi-
cates photosynthetic activity (Fig. 3). However, the uptake of
1%¢ in the planulae in the light was only 10% of the uptake of
14¢ in the corals in the light. If the uptake of 14c is indica-
tive of carbon uptake in general, the lower uptake of 1“0 in the
planulae may indicate lower photosynthetic activity of the zoox-
anthellae in the planulae than in the adult. Because of the low
e uptake, a digtribution 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 radloactive
carbon may be needed for an accurate determination of the 140
distribution.

Because the low 14C 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 (2, 3) and Harrigan (4). They found
that although planulae in the dark could not survive over extend-

ed periods of time, the planulae did 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 3 week old
polyps (Fig. 5) may be due to an increase in zcoxanthellse 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 exterﬁal 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 140 in the planula and adult
coral are needed to study changes in the types of biochemicals
being synthesized from zooxanthellae photosynthetic products.

The separation of algae c¢ells from the coral tissue is needed for
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the direct edvidence of the translocation of nutrients from the

zooxanthellae to the coral planula.

Conclusion:

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, Hilo High School

INTRODUCTION

The Crown of Thorms,or Acanthaster Planci, is a starfish
which inhabits the Indo-Pacific regions of the world.

This vaper is about this animal,which has undergone a pop-
ulation exnlosion,and is destiroying the reef building corals by
eating their polyps.

I am writing this paper because I feel this problem is re-
lavent to Hawaii., If the coral reefs of %he i$lands of Hawali are
¥illed by these animals,it means reef 1ife itself will cease to
exsist, All that will be left is a algal encrusted coral skel=-
eton,and a few herbivorous fish. When only this is left,that
means all the reef fish the neople of Hawaii use for food will
be gone. Also the reef will not be the beautifully colored
underwater jungle it is now, but a desoclate,almosd entirely life~
less underwater dasert.

May I apologize now if this paper seems out of date as to
the contents,but in gathering the research data for it,the lat-
est materials the library had on the subject that I could find
on it 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 umderwater world all its own, In
it live many beautiful creatures that make their homes in the
living coral reef. Menpachi,crabs,vansa,parrot fish, tiigger
fish, surgeon fish,shrimp,sharks,and a whole list of other ani-
mals,and plants inhabdit this colorful world in a world.

Then suddenly this colorful living world becomes a des-
olate,algal covered graveyard., Coral killled by a preditor. A
starfish called the ©rown of Thorns.

lhe Crown of Thorns, Its scientific name is Acanthaster
Planci. It can be up to 28 inches in diameter,but the aver-
age adult is 12-20 inches in diameter. The amount of arms va-
ries from as few as 9,to0 as many as 23,

The Orown of Tfhorns is the only known venomous &tarfish.
Its spines are covered with a venom prodmcigg skin., That's how
it got its name,Crown of Thorns. “hese spines can be 3 inches
long or longer.

the spines are very brittle and can break of easily in a
wound, The venom caused8 severe vomiting,swelling,faintness, numb-
ness,lethargy,extreme pain,and even paralysis. If these spines
are not removed quickly and completely,esecondary complications
develop.

The starfish is well camoflagued against the colors of cor-
als and plants of the reef. The upper part of the starfish's

tody 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. <Yhe 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 low tide,or up to
depths of a 150 feet,

Before the population boom, the starfish was a relativly
rare creature of the reefs,

The Crown of Thorns'breeding season lasts about 2 month,
starting between Jahuary-December. However further research has
indjcated 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 period.

A female that's 14 inchés in diameser,releases 12-14 mil-
lion eggs into the water, The male then releases milky white
clouds of sperm into the water,that meéet the eggs,and fertilise
them externally., The eggs then develop into microscepic free-
swimming larvae,which become part of the planktonic community.
In this mieroscopic world,they have magpy preditors,such as tiny
crabs,shrimps,crayfish,and aleo the coral polyps. These Iarvae
are capable of traveling long distances depending ox the wea-
ther and currents,

The larvae land on the coral reefs where more of them 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 18 not really kmown,but is believed to be kind od
short.,

During the first 2 yeare of life,the jwvénile Crown of Fhorms
grows about # inch each ménth. When they get to be 12 inches in
dismeter,the are ready to mate. It is believed that the older the
starfish gets the slower it growa. Their life span is believed
to be 6-T7 years.

As areas of coral are destroyed,the vreditory preasure
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 polyps
inter-relate with the 8rown of Thorns with no problems, DBut if
the Crown of Thorms reach plague §r0portions,it is logical to
assume that they would feed on the polyps solely,as they are the
most readily available source of food.

The starfish seem to feed on all types of reef building
coral polps. It sometimes ims seen to eat 2 species of soft cor-
als(Alcyonarians),but it avoids the Millepora Sp.,commonly called
fire corals.

The starfish has no sensery system as we know it, It has
no sense of sight and it is also probable that it has no hearing
either, It seems to respond to vibrations during sonic tests.

It does have a s#nce of touch in common with man,and appears to
respond to a primitive senee of amell. In tests,Crown of lhorns
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 chemical re-
action to the stimule emitted by dead or living coral. Mhis
however is s8till not known.

There is evidence that when they have devistated one patidh
of reef they migrate in masses to a fresh patch, Since the ani~
mals have no eyes,how they giude themselves is a mygstery.

The preditors of the Crown of %horns include the coral pol~
yps,which eat the larvae,Neaxiuf,a crustacean,which is red,and
looks like a miniature lobster. The Triton or Trumpet 8hell

(Charonia Tritonis),the Helmet shell(Cassis Cornuta),sharks which

now and then will eat the starfish who's venom seems to have no
effect on the shark. *he coral shrimp(Hymenocera Elegans), is
an elegant creature,which is about 2 inches long,and a pred-
itor of the Crown of ‘horns. It inhabits the Indo-Pacific re=
gion. “hey are usually seen in pairs.

Some authorities theorize that the plague is a cyclic phe-
nomenén. Phis means thet starfish plagues like these,happen
every so often. But,if this is so,why then no legends or folk-
lore among the people of the areas infested by these creatures?
Other authorities believe the rlague is due to a fundemental
change in the ecological balance, Another theory is the the
plague is not a n=ztural occurance,but that 1% Ras been ipfluemeed

by man.
The starfish plague could also have been caused by pollution

of the sea,yhi#ch reduces the preditory pressures on the species
during its early life. Pollution caused by industrial pollutants,

increase in drilling and transvortation of crude ofl,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 Indo=Pacific regions. In the 1960's serious outbreaks of
the Crown of Thorns were reported in wide}y 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,
and even to the RBed 8Bea. U.S. Trust Territéries in the Pacifie,
Mariana,Caroline,and Marshall Islands,French Polynesia,Western
Samoa,New Caledonia,Papua,New Guinea,Solomon Islands,Thailand,
Phillipines,Malayiia,and Australia. In the Indian Ocean,the
Maldive Islands near Ceylon,the Seychelles Islands(off the coast
of Africa,also in areas of the Bed Sea.(See map on pg.6)

In their final renort to the U.S. Dept. of the Interior,
(1969),the Westinghouse Reséarch Labratories,who had survey teams
in the U,S. Pacific frust Territories,and the Hawaiian Islands,
required additional survey time to continue their s$bddy of thiee
Hawaiian Islands. They were particularly concerned with a large
population of the starfish they found on Molokal,

In 1970, Hawaii was reported to be an infested area,as seen
on the map on pg. 6.

Jome means of controlling the starfish are;hand collecting
of the starfish,killing of the starfish using an injector gun
containing formalin,famnaldehyde,or smmonium hydroxide(which re~
moves any danger of pollution becauge amonia accurs naturally in

the marine enviroment).
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Before the use of injector guns,hand collection wac used.

A sword-like instrument was used to spear the animals. The divers
would surface with 20-.0or 30 starfish jammed onto the rod,and would
rut the starfish in the boat,to be taken ashore and buried, Zhe
starfish die guickly out of water, They seem to dehydrate.

In Y.5. Trust Territories a team of divers are employed to
ki1l the Crown of Thorne with injector gune. This has helped to
proteé¢t the beautiful coral areas around Guam and surrounding
atolls.

In the Islands of Hawaii, hand collecting and injector guns
were used,

Some pogsible solutions to this problem that have been sug-
gested areibiological control{using kmown preditors of the Crown
of PThorns,and produce them in controlled conditions to release on
the reefs). Bnt before one can use this method of control,ome
has to think about its effect on the rest of the inhabitants of
the reef. You 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 ¢ont-
inueous transmitting,? 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. But because of certain cércum-
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stances,the experiment was never completed.

CONCLUSION

In this paper I have attempted to show that 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,and the fun
md pleasure people get out of using the reef as a source of
recreation,and as a source of food too,

Hawaii has her reefe that have a beauty and quality all their
own,which I think we should be proud of and protect.

I feel that i1f pollution is the reason for this sudden pop~
ulation explosion,or even if it 1§n't,man must find ways of pre-
venting pollution of the ocean,and land and air for thet 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 contrél,I 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,1t seems to be the most enviromentélly safe,and successful

methdd in use at present.
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AFRAID OF EELS, SHOULD WE BE?
by Arlene D, Bazell, Pahoa High School

Afraid of Eele, Should %e Be?
Abstract

In a probe into the gen=
erally unknown territory of
the eel, the gquestions are
asked} Should we fear the eel?
Do they attack for no reason
at all? Or are they provoked?

To answer these questions
there are experiences from
books, personal experiences,
and the professional views
of doctors. All of these tend
to point into one directionj
¥o we shoudn't fear the eel.
¥o they don't attack for no
reason. And yes, they need to

be provoked.
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Afraid of Eels, Should We Be?
Introduction and Froblenm

Ever since 1 learned how to swim a queation has been bothering me.

Why do so many people, including myself, fear the eel? I have encountered
many face to face but now that 1 think back, all of thase 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 thess "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 1 must answer for myself.

There are sixty-one species of eels known fo Hawaii. Of these the
thilorhinus platyrynchus, the Moringudae maroochir, the Caecula platyrhyncha
and the Conger marginatys are quite common. How ever, the most common eels
of Hawaii asre 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
s tretched?

ff the many species of moray, three generally well known species are
the Brown moray, the Black-~3peckled moray, and the 7.ebra moray.

The Zebra moray is oviously known for its ochre~black body with nnmmer-
ous narrow white bands endirciding its body. It ig the only eel with this
markirg so it is easily identified. Kost Hawaiian eels are emall, under
five feet, The Zebra moray is no exception. It reaches a length of three
feet.

The innumersble, small, wcll-defined, dark specklea on a light ground
will imediately distinguish the Black- Speckled moray from all other species.
This relatively small eel rearhes a maximub length of two feet.

The Brown moray is undoubtedlv the most common eel in Hawaii. But un-
1ike the oth er eels described, they have no outstanding markimgs. There
color ranges from grey, throngh brown, to charcoal black.

The Brown moray is mbundant every where along rocky shores in water
legs then forty-five feet. It spawns in ¥ay. Seventv percent of the new pop-
ulation are born with isopnd parasites in one or more of the gill ravities

but i+ is unknown whether it eventually kills the figh or not. The gpecien
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Afraid of Eels, Should We Be?
Introduction and Problem

reaches & maximum of two feet.
Materials and Methods

I have encountered many eels accidently while swimming in tidepoola,
and I have noted their reactions to me. All but one of them fleed from me.
Vost 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 1 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 acroses my foot as if it were par+ of the
rocky ocean floor and down into a nea? by creavise. It showed me no agere-—
ssiveness nor eagerness to atiack the way the fish stories imply. Otr er
then +this eel, all the eels I've meet up with where too afraid to swim any
further tten they had all ready. Both of us swimming in opposite Adirections
very guickly.

In the book Sea Treasures by Kathleen Yerger Johne tone, 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 tirned a
rock and out shot a large moray eel. The water was murky from the sand thas
floated around from all the commotion so he couldn't see where the eel had
gone. He felt it would be saftest if he stond still until the water cleared
go he could see the eel., When it did he was standing face to farme with the
eel.The shell collector claimed that the eel shot forward at him so he rac-
ed to the shore. "And made it!", he claimed. He was possitive that the eel
had dmrted a% him and mot away from him, but had it? Would it have really
been possible for him, a land dwelling animal, to ousd swim 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 Lisht on Key Vaca about five miles from
the shore. The boy had been bitten by a thirty-four pound eel and the eel
had to be pride off by the boys diving companions. Vhen the boy had been
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Afraid of Eels, Should We Be?
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 attackins but he hadn't
purposelv provoked the eel. He just swam to close, unknowinglp. 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 T asked a friend who often goea skin diving at night if he had
ever encountered eels he léoked at me as if I were stupid. He said, " Hun-
Areds. Fels feed at night." I arked him if any of the eels had ever chased
him. He said only once but the ®el had really followed him. He wanted to
sec what the eel would do if he shined 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 ont of the water, still shining
‘he light on its eyes, the eel tried to follow. It was as if the light had
- hypnotized the eel. He said other then that particular inccident the eels
vent along their seperate ways, hpnting for fish and octopus.

An acronnting made by Jacques Cousteau in the book he wrote Life and

Death in Coral Sea made it a little more clear amr to whether eels need to

be provoked into attacking. Cousteau wrote that while he and the crew were
doing a particular study which involved the feeding of fish by hahd, daily,
an eel decided to get ite share of food. Omer backed away to see if the eerl
- would leave its lair completly for the food while they were standing there.
The eel hesitated at first but soon came ont without viciousness toward Omer
while it gentlv took the food and went back to its lair., After several min-
utes of feeding the eel, Omer succeeded in doin& something he longed to do
but feared the eel would attark him for. He patted the eels head withount
gausing it to flinch.

"Tf we had been able to stay there for two or three more daye, ¥he
ecel would have come to recognized Omer and would have followed him about
like a dog on land." says Cousteau.

The moray eel has formidable teeth and can be dangerons if he is pro-
voked. Never—the-leas, despite its forbidding appearance and reputation

it can be tamed, as Ives Omer has proven.
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Afraid of Eels,Should We Be?
Katerials and Methods

After reading these articles I rezlized that the truth could have been
stretched in writting them. I needed more proof. The only way I krew to
turn war tn the doctors who had treated patients for eel bitea. I called
thirteen different doctors and asked if they had ever treated any one for
this. After I called ahout five doctors I was sure it was a laat cause., AlY
of them had said no, But them when I called Dr. Harguchi, he said he had,
quite recently. The patient had been catching lobsters when he thoukht he
say¥ one under a rock. He reached under only to find it was an esl. Faturally
the eel bit him.

About three other doctors had said they had treated patients within the
year 1974, but they weren't sure of how it hapvened. "ne doctor said" “hv
ask? “ho would tell the truth and say they were dumb enough to reach into
an eels lair anyway™

“hen I called a madic clinic I talked to a2 docter who said he had treant-
ed severnl patients, one auite recenflv. A tropical fish collector was +rying
to looselh his net when he reached across the front of t'e eels lair. To an
ecl, who dossn't know you didn't. intend to cross its path, you are vro-
voking him,

The doctor had also said that he had treated seversl children for eel
bites when he worked 8 a dector ah Oahu. The doctor said he wae sure th-i

t*e children had unintendedly provoked the eels.
Reaultis and Conclusion

Ais A regult of the investigation I've made I feal it is cafe to ansver
the ruestions that have been on my mind. No, people do not havé to fenr eerls.
They should have great respect for them in every way, because they are liv-
ing animals but mostly because they can do bedily harm if provoked. As Tor
the stories told, either they were exzgerated grea#ly or the story-teller
left out the part about provoking the eel. I think that an eel will not at-
tack for no reason at all. 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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Afraid of Bels, Should We Be?

Resuits and Conclussion

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 eels home. However to the eel this is probably an
ageressive act to take over its territory. And all the more reason an eel would
bite, if you stuck your hand or foot into its hole. Felas are very protec-
tive of their home. therefore will bite anything that treatens it.

Sinece we are not sure exactly what aggrevates an eel or vhat in its
terms is being provoked, it would be best to steer completely clear of eels

vhenever possible. Or at least be cautious of them.
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SOME STUDIES OF THE BIOLOGICAL EFFECTS OF THE TOXIN HOLOTHURIN ON
MACROBRACHIUM LAR, KUHLIA SANDVICENSIS AND PALAEMON DEBILIS
by Catherine F.T. Uyehara, McKinley High School

ABSTRACT

Extraction of the toxin holothurin from Actinopyga mauritiane was
completed. The texin was tested on the cardiac activity and reaspiratory
systems of both invertebrates and vertebrates. UOifferent concentrations

were utilized on Macrobrachium lar, Kuhlia sandvicensis and Palaemon

dabilis to determine LDSO' Results were LDSO concentrations of 2,0 x
10™4 g/mi, 1.58 x T g/ml and 2,% x 10~% g/ml respectively. The
effectiveness of holothurin as a hemolytic agent was investigated with

toxicity tests on human red blood cellis, The cells lysed immediately

when exposed to a concentration of 2.54 x 10~% g/cell.
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{NTRODUCT ION

The Cuvierian tubules and body wallas of certaln species of holo-
thurians, or sea cucumbers, contain a substance designated as holofhurin.
it is toxie to a wide range of plants and {nvertebrates and probably
protects the seemingly harmless creatures against predators (Chantey
et al., 71959).

The chemlcal analysis of this substonce shows {t to be a type of
sterold glycoside. It is heat stable and soluble {n water and ethanolic
solutions (Chanley et at., 195%).

Since holothurin has neurotoxic, hemolytie, antifungal and anti-
tumorous properties, (Nigrelll and Jakowska, 7960), it shows much
pharmacological potential.

Toxicity tests indicate holothurin affects invertebrates such as
crustaceans, mollusks, annelids, echinoderms and protozoa, rosulting in
a variety of reactions. Among these reactions are the inhibition of
growth, creation of developmental faults, and lethal effects (Nigret i
and Jakowska, 196052

Tests with vertebrates have shown the following: Helothurin A,
extracted from the Cuvierian organs of the Bahamian cucumber, Actinopyga
agassizi, ia toxic to 50% of mice testaed when given (ntraveneocusly at a
LD, dosage of 9 mg/kg (Friess et al., 1960). Death occuved within 1
minute at dosages near the LDSO point., The same toxin tested on fiah
resulted in reactions from simple irritation to death, varying with
time and dilution (Nigrelll and Jakowska, 1960), Holothurin on a frog
nerve-muscle praparation (s comparable to cocaine, procaine and

physostigmine., {t has a strong and {rreversible action on nerve and

has a contractits effect on muscle (Friess et al., 1960). Holothurin
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also reduced the growth of tumopr cells in mice (Nigrelli{ and Zahl,
1852), Furthermore, this same toxin lysed rabbit red blood cells,
showing a characteristic analagous to saponin, and produced hemolysis

when Injected in the dorsal lymph spaces of the frog Rana pipiens

(Nigrelll and Jukowskd, 1960).

The purpose of this project is to examine the biologlcal effects
of the toxin, holothurin, on animals -~ particularly the ciroculatory
and respiratory systema. [Is holothurin a stimulant, inhibitor, or
hemolytic ogent?

The organiasms tested were Macrobrachium lar (fresh water - brackish

water prawn), Kuhlia sandvicenais (salt water fish or aholehole), and

Palaemon debilis (salt water shrimp or opae). These organisms were

chosen to determine the effectiveness of holothurin under varying
environmental conditions. Specifically: 1) the difference in response
by two species of shrimp, one fresh water and the other salt water, with
simitar structural characteristics and 2) the difference in response
between invertebrates and vertebrates (vertebrates appear to have more
complex circulatory and neurological systems so the toxin could have
a different effect).

Since quantitative studies of the effect of holothurin on human
biood cells have not been reported, an investigation utilizing holothurin

as a human hemolytic agent was inttiated,

MATERIALS AND METHODS

Preparation of Toxin:

Actinopyga mauritiana was collected from Kaneohe Marine Corps Air

Station, Magic Island, Kaloko Cove, Oahu and Hanapepe, Kauai. (This
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species was utilized because of its accessibility In local waters.) The
toxin holothurin was extracted by a modification of the method of Chantley,
(Chanley et al., 1966), from Cuvierian tubules collected through
dissection from 100 sec cucumbers, The result was 3.2 g of the solidified

glycosides.

Toxicitx Tosis:

Tests on Macrobrachium lar: A stock solution of 1 gram of the

holothurin crystals per 1 liter of water was made., The possibitlity

that effects on the organisms were due to the pyridine or hexane utilized
in the extraction procedure was tested. Since ?hc organisms placed in
beakers rinsed with pyridine and hexane remained alive, this investigator
concluded that toxicity was not due to these aolvents,

A total of eleven prawns were exposed to 50 ml solutions of
different concentrations, 2 = 3 organisms were tested at eaeh dilution
of 1:1, 1:3, 1:5 and 1:7. The weights of each prawn were recorded,

Giit bailer movement per 5 second intervals and heart rate per 10 second
intervals were counted,

Tests on Kuhiia sandvicensis: The same stock solution was utilized,

In addition to the hexane and pyridine centrols, the same amount of
fresh water as the amount of extract used was added to the salt water of
a third control. This tested the possibility of an effect of fresh water
on the marine organism, since the toxin was dissolved in fresh water.
No effect was apparent for all three controls.

A total of eighteen aholehole were exposed fo 50 ml solutiona of
ditutions of 7:3, 71:7, 1:15, 1:89, 1:499, 1:4999, 1:9999, 1:19,999,
1:39,999 and 1:79,999 with 1 = 4 organiams tested at each dilution.

Weights of fiash were recorded,
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Respiratory rate per 10 second f{ntervals was taken,

Tests on Palaemon debilis: A new stock solution of 1 gram of holo=-

thurin per a liter of filtered salt water was prepared for the salt water
organisms so as not to introduce effects of changes in salinity.

A total of thirt?en opae were exposed fo 50 mi solutions of 1:1,
1:3 and 1:7 with 2 = 5 organisms tested in each dilution, Weights of
shrimp were recorded. Heart and respiratory rates per 5 second intervals

were counted.

Tests on Human Red Blood Cells: A 0,9% saline ph 7 buffer solution
was prepared, 8lood samples were set up by mixing 0.05 ml{ blood in 9,55
ml satine scolution., A toxin solution of 1 x 10‘5 g holothurin/ml saline
solution was made,

The spectronic 20 was used to determine the rate at which the toxin
acted upon the blood. The hemocytometer was utilized to establish the
concentrations of red blood cells per mi of solution and also helped
determine the manner in which the toxin acted on the blood cells.

The original concentration for each sample was about 71,966 red blood
cetlis/mt saline, 0,5 mt of the toxin solution was added to 9.5 ml of
each blood test sample. The concentration of the amount of toxin acting
on a blood cell was 2.54 x 1!0"'9 g toxin/red blood cell. The mme amount of
saline sclution as the amount of toxin was added to the controls to account
for any change in concentration of the test samples due to the addition
of the toxin solution.

Another standard control was made to compare the percent transmittance
and the number of cells {n differant dilutions and the percent transmittance

and the number of cells after exposure to the toxin., Bleod samples were

diluted with saline and the number of cells in each corresponding percent

transmittance was recorded,
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11 tests with the spectronic 20 and 8 tests with the hemocytometer

were run, Of these, 6 tests were run simuitaneously.

RESULTS

Tests on M, tar, K. sandvicensis and FP. debilis:

The concentrations for 100% mortality were 2.5 x 10-4 g/mé for
M. lar (prawns), 1,25 x 10~4 g/mt for P, debiiis (opae) and 5.0 x 10~¢
g/ml for K. sandvicensis (aholehole)., The results of the toxicity tests
suggest 2,0 x 1’0-4 g/ml as the LDSO point for prawns, 2.94 x 'l(.'f'4 g/mi
as the LDSO poitnt for opae and 7,58 x 10-8 g/ml as the LDSO point for
aho lehole,

Heart rate tncreased before decreasing for both the prawns and opae
after exposure to the toxin. Responée to the toxin was Immediate for
the prawns and aholehola., Reactions were irritability and jerky move-
ments, As the concentration utilized decreased, time of death increcsed
for the prawns and aholehole. The dilution utilized did not affect the
time of death of the opae. Although the activity of the opae siowed
down after exposure to the toxin, the heart and respiratory rates
remained the same until a short while before death, The respiratory
rate of the aholehole remained the same until a short time before death
when there was a sharp drop in gill movement which could not be recorded
since the fish started convulsions,

Tests with Human Bleood:

The toxin acted upon the bleod cells and blood components instan-
tanecusly. An average of 41,38 cells (10,0008/ml) reduced to an
average of 0,46 cells (10,0008/mt) within 26 minutes afler exposure.

The percent transmittance, {ndicating the amount of blood substrate
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acted on, increased on the average from 16% = 45%,

DISCUSS ION

it is apparent from the tests on Macrobrachium tar (fresh water -

brackish water prawn), Palaemon debitlis (salt water shrimp or opae)

and Kuhlia sandvicensis (salt water fish or aholehole) that the holo-

thurin extracted from the Cuviertan tubules of Aetinonvga maurttiana

ts toxie in minute concentrations to aquatic organisams.,

The heart and respiratory rates were compared with the afzo of the
organisms., These rates aeppear to be directly related to each other for
the prawns and opae and also appear to be independeant of size for all
organisma. There seams to be no relation between the size of these
organtsms and their susceptibility to the toxin. Instead, the time of
death of the fish and prawns s directly proportional to the dilution
utilized.

Holothurin seemed to act as o heart stimulant for both the prawns
and opae since haart rote increased,

Tests with M, tar: The respiratory systems seems to be affected

faster and more directly than the circulatory system since respiratory
rate deteriorated fasterlthan heart rate, It could be that in order to
maintain a balance in body functions (in terms of oxygen and waste
material exchange) the heart had to work harder to make up for the
decrease in respiratory rate,

Tests with P, debilis: The opae died at a higher concentration

than the prawns. There was also a delayed reaction to the toxin. This

might indicate that the salt water shrimp, as opposed to the fresh
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water shrimp, may have developed a temporary immunity to the sea
cucumbearl!s toxin through adaptive radfation. Thia concluaion should
be reinforced with further testing.

Tests with K., sandvicansis: Since the heqrt rate of the fish could

not be directly measured, no comparison can be made beiwean heart and
respiratory rates. The ateady respiratory rate until a short while
before death perhaps indicates that the heart rate or nervous system
deteriorated before respiratery rate,

The salt water fish seemed to be more susceptible to the toxin than
the brackish water prawns or salt water shrimp as the aholehole died at
lower concentrations, The susceptibility of the fish at a lower concen-
tration than the prawns and opoe signiffes that the toxin has a stronger
effect on the vertebrate organism because of its more advanced
circulatory and nervous systems. Further study with other organisms on
the relationship of the effect of holothurin on cardiac activity and
respiratory systems between vertebrates and invertebrates should be
conducted for repeatable evidence.

1t could be that holothurin {s more toxic to some marine organisms
because the cucumber ts alse a marine animal and has adapted this
defense to deal with its environment, This conclusion should be
retnforced by further investigation with other animals.

Tests with Human Blood: It is evident that holothurin is o sirong

hemolytic agent since it lysed the red blood cells in a very minute
concentration, It appears that holothurin ccts upon not only the red
blood cells but on the other components of the blood as well, as the
percent transmittance, indicating the amount of blood t{ssue acted on,

continues to increase after the cells have been broken up Also, the
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number of cells with corresponding tranamittance level from the
dilution tests does not correlate with the number of cells in the same
tranamittance for the toxicity tests,

The rate at which the blood is effected slows down as time increases
probably because the amount of substprate left for the holothurin to act
on decreases with time also. Tests with different dilutions could be
made later on,

in the future, | wish to continue working with this toxin and run
tests on other animals., Tests could extend to higher vertebrcte animals
with the use of the Uscilloscope that measures heart activity as in an
electrocardiogram (£KG), The toxin might be compared with other heart
stimulants such as adrenalin and oleander digitoxin. Toxins extracted
from different species of cucumbers can be compared, The effect of
aging on the potency of the toxin could be studied, Behavioral studies
of the sea cucumber in {ts environment might be looked into. The
use of holothurin as an antibacterial and biological control agent in

a marine ecosystem can also be studied.

CONCLUS IONS

Based on the studies conducted, {t appears that holothurin:

1) acts asa heart stimulant for Macrobrachium tor and Palaemon debills

2) has a stronger affect on Kuhlia sandvicensis than on the two species
of shrimp

3) has a differential effect on the two species of shrimp (one brackish
water-fresh water and the other salt water)

4) is a hemolytic agent on human blood ti{ssue
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