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REMARKS OF THE HONORABLE DANIEL K. AKAKA

CENTER FOR APPLIED AQUACULTURE
GROUNDBREAKING CEREMONY

JUNE 5, 1989

Thank you.

As a Native Hawaiian, I am proud to recall the long and
distinguished history aquaculture has had in Hawaii. For
more than a millenium, Hawaiians raised a variety of fish
in coastal fishponds. When the first Europeans arrived in
Hawaii more than 200 years ago, over 350 aquaculture ponds

were scattered throughout the Hawaiian Islands.

A handful of these ponds are still in production today,
and aquaculture remains not only an important part of Hawaiian

history and culture, it represents an even more promising

means by which we can take maximum advantage of the ocean

resources that surround us.

In light of our rich past, I am especially proud to take
part in this ceremony today. That is why I responded with
enthusiasm to the idea of establishing a state-of-the-art
aquaculture research and development facility, a proposal which
the Oceanic Institute first brought to my attention a few years

ago.
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Today, wejlay a cornerstone, for a world class facility
that will stand for excellence in aquaculture in the Pacific.
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assuring that aquaculture will always have a bright and

significant future in our state.

Despite aquaculture’s expanding role in our economy, no
facility exists today to serve the growing needs of the
nation’s aquaculture industry. But once constructed, the Center
for Applied Aquaculture at the Oceanic Institute will dominate

the field for many years to come.

The potential for aquaculture in Hawaii and throughout
the Pacific is astounding, potential that is only limited by
the innovation of our scientists and our commercial
enterprises. For example, the Asia-Pacific region
alone produced three-fourths of the world’s aquaculture
products during the period 1975-1983. This translates into
over 6.2 million metric tons of protein from the sea. The
market is firm and demand is ever-increasing. Our new
aquaculture center will provide needed support to an industry

that seeks to respond to this growing demand.

In closing, let me express my gratitude to the State
of Hawaii and its Governor, John Waihee. Our state government

is providing $5 million in contribution for this initiative.




Without local support, the construction of this Center

would not be possible.

I also thank my colleague, Senator Daniel Inouye. While
he could not be here today, the Senator’s support for this
project is equal to mine. As always, he made the difference

when this legislation was before the Senate.

Finally, let me express my gratitude to the U.S.
Department of Agriculture. At USDA, aquaculture often seems

to be in tough competition with other more agrarian sources

of food production when it comes to receiving a fair share of

the research dollars. Fortunately, there are dedicated
individuals at USDA who have come to understand the wealth of

potential we have in both aquaculture and agriculture in
Hawaii.
ér
As work begins in the building this facility, I look
forward to returning to view firsthand, a research and
development center that will lead our aquaculture industry
into the next century. Indeed, this is a milestone for our

e N
industry, a project we can all be proud of.

My warmest regards to all of you here today.

Mahalo and Aloha.
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Ground DBreaking Ceremony
11:00a.m.

Oli
Ka'upena Wong

Welcome
Mr. W. C. Rowland
Dresident and Chief Executive Officer
The Oceanic Institute

Remarks
The Honorable Daniel K Akaka
United States House of Representatives

Ho’omaika’i
The Reverend Abraham Akska
Dastor Emeritus of Kawaishao Church

Ground Presking

Reception and Lunch
11:45 a.m.
Tours of The Ocesnic Institute to follow Reception

Master of Ceremonies - Ernie Dias
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IN BRIEF
A Look at Feeds
Research Projects

Panoramic View of Ol’s
Makapuu Setting

Profile: Dr. K.L. Main

CTSA Enters Second
Year of Operation

Publications

PLANNING FOR $15-
MILLION CENTER FOR
APPLIED AQUACULTURE
IS ON SCHEDULE

The Oceanic Institute is to be the site for
a $15-million Center for Applied Aqua-
culture, the first U.S. marine aquaculture
facility devoted to industry development
through applied research.

Funding is from the U.S. Department of
Agriculture and the Hawaii State Legis-
lature.

The Center will be a comprehensive
network of state-of-the-art facilities. The
first phase, at Ol's Makapuu site, will
contain wet and dry laboratories, modu-
lar tank facilities and an information cen-
ter. The Center will also provide a loca-
tion for research projects, training and
aquaculture extension services by the
University of Hawaii.

Extensive research and planning work
for the new facility was conducted last
year; overall planning, initial engineering
and architectural work are scheduledto
be completed by the end of this year.

OI CONSULTANTS, INC. OPENS D.C.
OFFICE; USDA AQUACULTURE
EXPERT JOINS OIC IN CAPITAL

Bille Hougart

Bille Hougart, former Aquaculture Co-
ordinator for the U.S. Department of
Agriculture, joined The Oceanic Institute
in January to head the new Washington,
D.C. office of its consulting subsidiary, Ol
Consultants, Inc. (OIC).

OIC was formed in 1982 to provide a
vehicle to handle the many requests
from the private sector for consulting
work by The Oceanic Institute scientists.

Ol Consultants offers a variety of for-pay
services ranging from environmental
assessments and impact analyses to
feasibility studies for commercial aqua-
culture operations.

Hougart's extensive experience with
USDA and his accessibility in the new
OIC D.C. office are expected to broaden
OIC's project volume significantly. Hou-
gart was instrumental in the formation
and guidance of the new national net-
work of regional aquaculture centers
administered by USDA. One of these
five regional aquaculture centers is
located at The Oceanic Institute (see
story, pg. 5). Address and phone for the
OIC D.C. office are:

2000 L St, N.W, Suite 200

Washington, D.C. 20036

Phone: (202) 785-8505

FAX: (202) 833-3843.
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Aquaculture feeds are an important
part of Ol research. Story Pgs. 2-4.




The Oceanic Institute’s Aquaculture Re-
search Service (ARS) Program, now in
its eighth year, was formerly known as
Feeds. It is funded by the U.S. Depart-
ment of Agriculture Agricultural Re-
search Service (USDA-ARS).

OVERVIEW

This partnership reflects the philosophy
that aquaculture is simply underwater
agriculture and that aquaculture produc-
tion will benefit from adopting and/or
adapting modern agricultural technol-
ogy. Modern agriculture represents the
scientific advances of a century of
research and development. Both Ol and
ARS believe that the nation’s technology
for agriculture feed production can be
applied to aquaculture feed production.
It is this concept which underlies the
OI-ARS Program.

The program was initiated in 1982 by a
grant from the State of Hawaii's Aqua-
culture Development Program; this grant
was succeeded in 1984 by USDA-ARS
funding. The importance of feeds to
aquaculture is that approximately 35-
50% of aquaculture farm operating costs
are feed related. In addition to water and
air inputs, feed is a major factor in
determining water quality and therefore
growth of the aquacultured animal.

Initially, the ARS program objective was
to use aquatic production methods and
agriculture waste and by-products to
produce cost-effective terrestrial and

The ceanc Institute in Eighth Year of esearch

aquatic protein feed ingredients. While
the quality of the ingredients such as
algal materials was demonstrated, the
production technology was not cost-
effective in Hawaii, though some meth-
ods might be appropriate in other sites.

As initial objectives were met, the pro-
gram went through several transitions,
guided by Ol's strategy that the market
must drive research and that commer-
cial application is the ultimate research
goal. The program concentrated on
intensive agquaculture feeds, later en-
compassing larval feeds as well. The
focus on intensive versus extensive
feeds reflects Ol's belief that intensifica-
tion is essential if the U.S. is to compete
in the global market.

To reduce feed cost, emphasis in grow-
out diets was placed on maximizing use
of grain and oilseed products. With Ol
and ARS objectives in mind, the pro-
gram worked closely with the commer-
cial feed industry to better enhance
interaction between Ol research and
commercial feeds technology. In line
with the concept of technology transfer,
appropriate feed and feed industry tech-
nology need to be adapted to better
solve the unique problems associated
with aquaculture feeds.

By 1987, work was narrowed to two
major research areas: development of
larval and juvenile feeds for dolphin fish
or mahimahi (Coryphaena hippurus), a
tropical marine carnivore, and devel-

opment of growout feeds for marine
shrimp (Penaeus vannamei) raised in
intensive systems.

SHRIMP GROWOUT FEEDS

Ol $861. Ol S861 is a practical shrimp
diet based on the characteristics of a
broad range of U.S. and Oriental shrimp
feeds evaluated in 1986. Numerous

tests of Ol S861 confirm that the diet is

as good as Oriental formulations. This
control diet has been the springboard for
further feeds development. Ol S861
represents a standard against which
ingredients and processing techniques
of Ol-developed feeds and performance
of commercial feeds can be evaluated.
Formulation and preparation are con-
sistent and it supports excellent growth
and survival. Parallel research objec-
tives have been incremental improve-
ments in performance and reductions in
cost. Two years of trials have confirmed
the quality of this benchmark diet.

Industry Interaction. Crustaceans pre-
sent special difficulties for feeds devel-
opment. Shrimp feeds must account for
the animals’ eating style, low digestion of
the feed, and foraging behavior. Ol and
the feeds industry have cooperated on
several studies to resolve these issues.
Cooperative research with Wenger Inter-
national, Inc. (Kansas City, MO) exam-
ined how different binders might reduce
the loss of nutrients from pellet break-
down. A study with Triple F, Inc. (Des
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bfeatbtakmg pa.norama at Makapuu Pointgz Oahu’s southern shoqe, with The chanic Institute to tbe,eft and neighbor

Moines, |A) used an extrusion technique
to process soybean meal while concur-
rently adding liquid marine ingredients.
The result was a low-cost, enriched
meal for use in the commaodity market.
Finally, trials were conducted to see how
U.S. feeds (including Ol formulations)
compared to an Oriental feed when
used in intensive systems. Atleast three
U.S. feeds (including Ol S861) yielded
shrimp growth as good as or better than
the Oriental feed and at lower cost. Vari-
ations among the feeds demonstrated
the importance to shrimp growth of
ingredient quality and proper feed pro-
cessing technology.

Increasing Grain/Oilseed Content.
The primary merit of using grain and/or
oilseed in feeds is their low cost; ready
sources are also available. These pro-
ducts are, however, deficient in some
amino acids important to marine anim-
als. In work conducted both at Ol and at
the University of Hawaii, it was shown
that essential amino acids could be
bondedto proteins (e.g., soybean meal).
Should on-going tests show promise,
the nutritional and industrial applications
of this new technology will be examined.

Joint Work with USDA-ARS. Several
cooperative studies have been done
with ARS scientists assigned to Ol (see
box Pg. 4). One study found that shrimp
growout diets can contain up to 28%
soybean meal as a replacement for
more expensive marine protein meals,
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“The importance of feeds to
aquaculture is that approx-
imately 35 to 50% of aqua-
culture farm operating costs
are feed related.”

and maintain high growth and survival.
Levels of soybean meal greater than
28% could be used and cost further
reduced if pellet palatability and stability
are improved and phosphorus supple-
mented. In another study comparing dif-
ferent sources of lipids (fats and oils),
shrimp growthrates on a cod liver oil diet
were significantly higher than on other
dietary lipid sources.

FINFISH FEEDS

Since mahimahi is a relative newcomer
to aquaculture, considerable basic re-
search was done as part of developing
suitable larval and juvenile diets. A high-
quality, cost-effective feed will be impor-
tant to the overall economics of mahi-
mahi culture since the fish grows at an
astonishingly high rate—from egg to
five pounds in six months.

Larval Nutrition. Mahimahi nutritional
requirements were extensively ana-
lyzed. A technique for packing rotifers
and brine shrimp with oils was used to
alter fatty acid profiles of these live feeds
and study fatty acid needs of the fish.
Studies indicated that lipids were the
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exclusive energy source of prefeeding
mahimahi and an important energy
source in first-feeding fish. The “critical
period” (when early mass mortality
occurs) for larval mahimahi was shown
to be partly linked with the dietary fat
profile. The onset of mass mortality can
be delayed by enriching live feeds with
emulsified oils high in long-chain, poly-
unsaturated fatty acids.

Juvenile Nutrition. Preliminary results
on feeding requirements of juvenile (34-
to 42-day-old) mahimahi indicate that
their rapid growth, exceeding 15% of
their wet body weight per day, is linked to
high feed intake. This research will be
the foundation of future studies of juve-
nile dietary energy needs.

EARLY WORK

As noted in the overview, the objective
of the early work was to develop an
inexpensive way to produce protein
feed ingredients in an island-limited
economy. This included treating agricul-
ture by-products and growing marine
plant and animal protein on agriculture
waste products. Production tests were
closely followed by feed trials. In later
years, live feeds production was ex-
amined.

Agriculture Waste. This component
targeted small-scale, cost-effective pro-
duction of protein ingredients from slaugh-
terhouse offal. A number of different
methods were examined—dry render-
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ing, alkali, acid and enzyme hydrolysis of
slaughterhouse waste —but none were
cost-effective for Hawaii. Two waste
processing methods might be imple-
mented in areas where large quantitites
of slaughterhouse waste are available:
sulfuric acid hydrolysis of poultry feath-
ers and slaughterhouse blood acid sta-
bilization and drying. Terrestrial feed
trials indicated the products were more
accepted by swine than cattle or sheep.
Shrimp trials use bagasse, a sugarcane
waste, mixed with other nutrients to ferti-
lize ponds, thereby growing feed mate-
rial upon which the shrimp “graze.”
Shrimp growth on the bagasse-based
feeds was almost as good as on a
commercial feed and production cost
was considerably less. The bagasse
feed may be very useful in extensive
systems.

Biomass Production and Feed Trials.
Brine shrimp (Artemia salina) and blue-
green algae (Spirulina platensis) were
chosen for production trials because
they were high in protein; their nutritive
value in feeds had been shown; and
they had been produced commercially.
The question was: could they be pro-
duced more cheaply on waste prod-
ucts? A survey of wastes indicated that
manure was the only waste which could
supply enough nitrogen and phospho-
rus. Artemia could not be grown on
manure directly but could be grown on
algae. Despite its good performance in
shrimp and poultry diets, the cost of pro-

duction was too high to justify continued
research. Spirulina, on the other hand,
could be grown on manure at a produc-
tion cost about a fifth of that of commer-
cial operations using other media. The
product was still not as cheap as soy-
bean meal, however. Although it was an
acceptable substitute for soybean meal
in terrestrial feeds and superior in aqua-
culture feeds, animal performance was
not enhanced sufficiently to support use
of Spirulina as a feed ingredient. A later
study examined extracting high-value
components (carotenoids, long-chain
fatty acids) as a means of improving
production economics, but both market
and processing factors were too limiting.

Live Feeds Production. This research
reflected the program’s transition toward
developing aquatic feeds alone. With
most hatchery technology, live feeds
are essential for larval marine organ-
isms, but their production is expensive.
They are usually grown indoors at low
volume and density and their culture
takes alongtime. Ol targeted mass cul-
ture of live feeds outdoors applying
technology developed for biomass pro-
duction. A successful system was devel-
oped to culture phytoplankton and zoo-
plankton. Tetraselmis could be cultured
at densities an order of magnitude great-
er than indoor densities. Rotifers fed on
these algae could be produced at a
labor and supplies cost of $0.65/million
in a system that can be scaled to any
desired production rate.

USDA Selected OI To Be
Site Of Nation’s First Tropical
Aquaculture Research Unit

The impetus for the 1985 creation of the
Tropical Agriculture Research Unit at Ol
was the increased importance of aqua-
culture to U.S. agriculture and USDA-
ARS'’s growing commitment to the needs
of this underwater farming industry.

The Unitis to develop innovative culture
systems and feed technologies that will
lead to the reliable and economic pro-
duction of tropical and subtropical aqua-
tic food animals. This entails developing
new and improved feeds for marine
animals that contain U.S. grain and/or
oilseed products. It also involves compi-
ling and assessing information on marine
animal diseases which may affect the
tropical aquaculture industry.

The first ARS scientist assigned to the
Unit, Don Freeman, worked on practical
field diets and outdoor testing. When he
departed to obtain a Ph.D in aquaculture
food technology at Mississippi State,
Dr. Chhorn Lim, an aquaculture nutrition-
ist, took his place. Dr. Lim’s main focus is
nutritive value of feed ingredients and
shrimp nutritional requirements; he is
coordinating the research on replacing
marine animal protein with grain and
oilseed products. A second ARS scient-
ist, Dr. Brad LeaMaster, a veterinarian, is
also assigned to Ol. His interest is
diseases of aquaculture species.




Center for Tropical and
Subtropical Aquaculture
Embarked on

Active Second Year

Last January, The Board of Directors
of the Center for Tropical and Sub-
tropical Agquaculture (CTSA) met in
Honolulu and approved the second
annual plan of work. CTSA is one of
five regional aquaculture centers ad-
ministered by the U.S. Department of
Agriculture. The centers bring to-
gether members of private industry,
scientists and extension agents to
address aquaculture industry con-
cerns. The CTSA is unique because
it focuses on tropical and subtropical
aquaculture species wherever they
are cultured rather than on a specific
locale.

The second year work plan encom-
passes nine projects, four of which
are continuations of projects funded
in the first year. All of the projects
stem from industry request and two
continuing projects focus on impor-
tant concerns that have been little
addressed to date—government reg-
ulations limiting effluent discharge
from aquaculture facilities and ap-
proval of drugs to treat diseases in
aquatic species. These problems
affect aquaculture producers nation-
wide and their resolution can make a
positive contribution to aguaculture
industry development throughout the
us.

In addition to these two projects, con-
tinuing projects include production
of aguaculture seed for commercial
farms in Guam and the Western
Pacific and a library aquaculture
workstation. New projects include:
1) demonstration and extension
with giant clams; 2) a market study of
Pacific giant clam products; 3) an
aquaculture resource manual for
Hawaii and the American-affiliated
Pacific Islands; 4) economic feasibil-
ity and demonstration projects for the
Pacific Islands; and 5) introduction of
aquaculture to secondary schools in
Hawaii and the American-affiliated
Pacific Islands.
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r. Kevan Main

The director of the Center for Tropical
and Subtropical Aquaculture, now in its
second year, and the recently-appointed
project manager of the new Asian Inter-
change Program is Dr. Kevan L. Main,
and she remarks that the career path
leading to these positions was
circuitous.

“I can't say it was classic career-
tracking,” she says. "l was a business
major at California State University,
Northridge, and happened to take a
marine biology course that emphasized
field work. | loved it and promptly
changed majors.”

Dr. Main continued graduate work in
marine biology, emphasizing behavioral
ecology —using the behavior of organ-
isms as a method to examine ecological
processes. She obtained her master's
degree at CSU Northridge and aPh.D. in
biological sciences from Florida State
University. Between her studies, she
designed and taught a variety of courses
in marine biology at universities in Cali-
fornia and Florida.

“I went to Florida State,” Dr. Main says,
"because | wanted to broaden my expe-
rience. I'd done all of my research in
California and Mexico and wanted to

work in a different marine system. | had-

plenty of exposure since | worked as an
environmental consultant to the state
and a private firm while | was going to
school.”

She continued her research on predator-
prey interactions as a postdoctoral fel-
low at Harbor Branch Institution in Flor-
ida. “l felt very fortunate to do research
there,” she says. “It's a private organiza-
tion and one of the few places where
you can pursue your research inde-
pendently and with full support.”

In 1986, Dr. Main moved to Hawaii and

worked as a consultant to Ol in addition
to teaching classes at Chaminade and
the University of Hawaii. She was sub-
sequently hired full-time to manage a
USDA Cooperative State Research
Service Aquaculture Planning Grant for
Hawaii and the American Pacific. Dr.
Main was subsequently appointed Act-
ing Director of the new Center for Tropi-
cal and Subtropical Aquaculture and
Director in 1988.

“About the same time | was finishing up
the final planning grant report,” she says,
“the USDA began establishing the re-
gional centers, including the CTSA.
Working on the planning grant had
interested me in aquaculture and the
Pacific and given me a knowledge base
very useful for directing the CTSA.
There’s enormous potential for aquacul-
ture development in the Pacific and a
real need for new industries. Aquacul-
ture is especially desirable since it's
compatible with the lifestyle and availa-
ble resources.”

Ironically, Dr. Main's early business back-
ground was very useful in organizing this
regional center. “It's been helpful to have
management and accounting behind
me since the uniqueness of the Centers
is their emphasis on industry’s needs,”
she says.

Her recent appointment as project
manager of the new Asian Interchange
Program (AIP) wil give her another
opportunity to exercise her organiza-
tional skills. “AIP is another program with
a lot of application to the commercial
sector,” she says. "And that's what I've
liked most about Ol—having a chance
to make research efforts more meaning-
ful. It allows scientists to apply basic
research to the real world and that's truly
unique.”
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The Oceanic Institute, Hawaii, is a private, nonprofit marine  technology to aquaculture; maturation, spawning and larval
research center established in 1960. The Institute conducts rearing of finfish; commercial technologies for marine shrimp
research at its Makapuu Point site on the windward coast of  culture; mahimahi culture technology development, marine
the island of Oahu. Its operation is supported by grants from instrumentation; stock enhancement strategies; and applied
various federal and local agencies and local and national oceanography. The Institute presently serves as coordinator
foundations. The Institute is committed to developing the  of the Gulf Coast Research Laboratory (GCRL) Consorti-
commercial aquaculture industry nationally and internation- ~ um’s U.S. Marine Shrimp Farming Program. It is also co-
ally and to improving management strategies of commercial manager of the Center for Tropical and Subtropical Aquacul-
fisheries. Research programs are investigating development  ture, one of five regional aquaculture centers established by
of cost-effective feeds for finfish larval rearing and intensive  the U.S. Department of Agriculture.

shrimp growout systems; exploring application of agricultural
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