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GOVERNOR’S MESSAGE

In my State-of-the-State Address to the 1978 Legislature. 1 noted that aguaculture is
one of the fastest growing industries in Hawaii. Aguactdure Development for Hawaii tepre-—
sents a major step towards achieving this industry’s enormous potential. We have closely
followed both existing and soon-to-be-established Federal programs so that the objectives OF
our State program will blend with Federal planning. As Hawaii is the first State to develop a
comprehensive aquaculture development program, it is our hope that these etforts may be
of value to other states planning their aquaculture programs.

Hawaii's success in pioneering techniques for the mass-culture of freshwuter prawns
clearly demonstrates that the State can and must continue to provide support services to
aquafarmers and develop new species. Existing State aquaculture activities, such as the loamn
programs, marketing studies, disease control, and extension/advisory services, must be
expanded to include other services as needs arise,

Hawaii also has a significant role to play in assisting other U.§. Pacific islands and the
newly-developing countries of the Asia-Pacific Basin in building their aguaculture industries,
Thus, we have the opportunity to become an important focal peint for rescarch, develop-
ment and training as well as a center of commercial production.

Aquaculture is in harmony with the State goals expressed in the Hawals State Plan
passed by our 1978 Legistature, with our Coastal Zone planning, and with the "‘u“‘,m and
traditions of our people. With the continued support and cooperation of alt key Slat;{[)c:pﬁrt-
ments, the University of Hawaii and private industry, Aquaculiure Derelupmemfortb awar
is certain to accelerate our progress and bring many benefits to our State and the nation.

We must seize the opportunities that lie ahead so that aquaculture mdﬂ!t’) ‘i‘:::’:;;?;:-
one of Hawaii’s major industries, providing increased revenue and new and belle
ment opportunities for the people of our Islands.

it

rge R Ariyoshi -
overnor, State of Hawau



FOREWOQRD

While the cultivation of ﬁ'sh in ponds has always been a part of Hawaii’s heritage, modern
scientific aquaculture isa relal:..wely new and rapldly growing industry in the State. A 1976
assessment of statewide aquatic resources published by the State Department of Planning and
Economic Development (DPED) indicated that aquaculture has the potential to become a
major industry in Hawail. As a result, tl'-le Eighth State Legislature apprapriated $150,000 to
the DPED for developing a comprehensive aquaculture program for Hawaii. The University
of Hawaij Sea Grant College Program provided $25,000, office space, and student support

for the start-up phase of the project.

The success of this program would not have been possible without the efforts of various
national and international research organizations, seafood brokers, wholesalers, retailers and
restaurateurs, and other private commercial enterprises throughout the world, We are pattic-
ularly grateful for the input to, and review of the report by those individuals of the Aqua-
culture Planning Program Advisory Committee, and the Aquaculture Advisory Council and
Lizison Committee, and their organizations, listed on the following pages. In addition, we
wish to recognize the generous assistance of the U.S, Army Corps of Engineers, the Fish and
Wildlife Service of the U.S. Department of the Interior, the National Marine Fisheries Service
and the Office of Sea Grant of the U8, Department of Commerce, the Subcommittee on
Merchant Marine and Fisheries of the U.S. House of Representatives, the University of Hawaii
Sea Grant College's Marine Option Program and Marine Advisory Program, the Coastal Zone
Management Program, the Hawaii Regional Water Resources Program, and the Pacific Urban
Studies and Planning Program. On the Federal leve), Hawaii’s Congressional delegation was
extremely helpful in keeping the program advised of the many legislative and administrative

activities.

Special appreciation is extended to those staff members of the aquacuiture programs—
both past and present—who worked in a full- or part-time capacity for varying lengths of
* time. A list of these individuals appears on page vi.

Aquaculture Development for Hawaii, prepared under the direction of Richard T.
Gibson, assesses sites, technical resources and the economic benefits to the State. [t identi-
fies the steps necessary to develop all phases of an aquaculture industry in Hawaii, and recom-
mends actions needed to achieve the highest possible degree of expansion. Supporting assess-
ments and studies—too detailed to include in this volume—are being planned for publication
under separate cover. One such study, Permits and Environmental Requirements for Aqua-
culture in Hawaii, was published in 1977. :

In addition to work on this report, our aquaculture staff has responded to Legislative
and Administrative requests, answered numerous inquiries concerning starting aquacuiture
businesses in Hawaii, and assisted visitors to the State in touring aquaculture facilities. The
staff also prepared and coordinated articles for an issue on Hawaii of the leading trade journal
of the industry, participated in marine exhibitions, and —perhaps most important—reviewed
and funded aquaculture research proposals. This latter activity was made possible by some
$425,006G provided by the Ninth State Legislature in 1977 for staff support, for the fresh-
water prawn program of the State Department of Land and Natural Resources, and for
research on baitfish, marine agronomy, marine shrimp, oysters, and opihi.

The Ninth State Legistature responded further to Administrative requestsin 1978 by

appropriating 8750,000 1o fund the development program, and $1,250,000 for State aqua-
culture facilities. Needed informational materials, inciuding a slide show and film on prawn

iv



farming, are in preparation. A full-time Veterinarian has also been hireq ¢ provide aquatic
disease identification, treatment and prevention services,

These forward-looking actions augur well for the future of aquacuityre in Hawaii. Our
programs will support both commercial devctopmf,»nt and research and training in aquacultuse-
We look forward to merging our local programs with Fede!'nl and intemational efforts to
promote a major growth of aquaculture in Hawaii, the nation and the worid.

HIDETO KONOQ, Director
Department of Planning and
Economic Development
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PREFACE

This report is the culmination of nearly two
of aquacultyre in Hawaii and recommends State a
owth. The project was managed by DPED's Ce - . !
issessment. In addition to containing recommenél;;ra:.g:oigle:}:;: fohcy and.Tech.nolog}'
brief summary of several major assessments in the form of ‘t’indin ‘?F’I"rt Prm.ndcsj i
The publication of a series of technical assessments in the follow::: d‘nd vonclusions.
considered: & areas 15 being

;?ars‘ efforts to asess the potential
1ons to enhance and accelerate its

Assessment of Fechnical Resources Relating to Aquaculture

Agquaculture’s Role in Hawaii’s Future—Some Potentials and
Alternatives

The Selection and Development of Cultured Aquatic Species for
Hawaii

Individual Assessments of Species for Culture in Hawaii
(A Series)

Markets for Hawaii’s Cultured Aquatic Species

Legal Constraints te Aquaculture Development in Hawaii
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SUMMARY

Hawaii is an excellent location for aquaculture, The State hag
temperatures, sufficient land for fresh, brackish, and salt water aquy I .
tion of fishfarming that extends back tg the ancient Hawaijang Ygt a;u e, and a tradi
ment over the past 100 years has centered on the exploitation 'of ; oonomic develop-
aquatic resources. Only within the last decade has toncerted effort bea
identify these resources and opportunities, and ¢ estimate the bene T to
derived from a thriving aquaculture industry.

Warm yegr.roynd

The purposes of this report are:

® To assess Hawaii’s resources for aguaculture and identify the most important
constraints to development.

® To recommend State goak for aguaculture development in Hawaii,
® To define the objectives and policies necessary to realize these goals,

* To recommend programs, an effective organization, management strategies, and
a budget and timetable for the achievement of these objectives and policies.

Findings

The report finds that the expansion of aquaculture in Hawaii can help to achieve
broad State goals by providing a greater number and wider range of emplos{mcnt oppor-
tunities; contributing to the balance of trade by increasing exports of aquatic produc_ts
and substituting locally-farmed aquatic products for itports; diversifying the economies
of all islands leading fo self-reliance in food production; maintaining open spaces,
reducing development pressure on prime agricultural lands; preserving the llfH‘-'l_’l"-‘s of
rural residents; and maintaining the quality of life in the Islands through the wise use
of the State’s natural and human resources.

The assessments section of the report reveals numerous im_portant’ resources for
practicing aquacuiture in Hawaij. The most significant findings include:

* There are two distinct, yet highly interrelated, economic sectors of !-lau}vlallt rsa .
aquaculture industry: the commercial production sector and the r‘mant:eﬁtial
ing, and technology transfer sector. Both have significant economic pctucd to gain
and, because they are compatible and complementary, they are expec
from each other'’s activities,

Xvii



» There are more than 135,000 acres of primary lands and nearly 500,000 acres
of secondary lands suitable for aquaculture.

¢ There is now, and will continue to be, competition for fresh water in certain
locations of Oahu, Maui, and the Big Island. However, there is sufficient fresh
water for the immediate expansion of aquaculture production in many other
areas of all Islands and a longer term potential for utilizing existing agricultural
wiler resources.

e There is an abundance of warm, unpolluted seawater, but there are limitations
to open-ocean and nearshore mariculture.

# There are well-staffed and equipped laboratory research facilities for aquaculture
in the State University System, at the Anuenue Fisheries Research Center, and
at such private orgsnizations as the Qceanic Institute, but outdoor research and
demonstration facilities are badly needed.

# Legal and environmental considerations pose major constraints to aquaculture
development, but various courses of action to help remove these constraints have
been identified, and in several cases, implemented.

¢ There are a number of promising aquatic species that can be developed to achieve

commercial profitability and compete successfully in Mainland and foreign
markets.

® As approximately 30 million pounds of seafood are consumed annually in Hawaii,

geres appears t0 be a substantial local market potential for species cultured in
e State,

Since the State's financial resources are limited, Hawaii must seek Federal and
non-State sources of funds to support developmental activities.

Aquaculture is expected to compete favofably with agriculture for the use of
land, and make s considerable contribution to other sectors of Hawaii's economy.

_ thgrmom‘. this report concludes that aquaculture can become a major industry
in Hawaii if specific constraints can be eliminated. These emerge at all stages of the
aguaculturg process and include technical, economic, and legal/institutional considera-
tions. Inst:tunona‘l constraints are by far the most crucial, as they involve the establish-
ment of an ornqn;ation-»a lead agency-to direct, coordinate, plan and implement
pquacullurc_ activ_mes. The lack of a lead agency has been identified as the single most
important impediment to the development of aguaculture in Hawaii. Accordingly, the
majority of recommendations summarized on the following pages address this con;';ern.

xviii




Table i. Summary of Recommended Actions

Recommended Action

ACﬁﬂn Asency

Begin

| Timing

1. UNIFIED APPROACH

a.

Assign responsibilities for aquaculture
development to either the DOA or
DIENR as the lead agency to imple-
ment the recommended actions of
this report. Assure that the admin-
istration of those aquaculture facili-
ties currently housed at the AFRC
be a function of the lead agency,
Appropriate necessary operating
funds.

Actively pursue national, interna-
tional and private funds. . . and
assist the University of Hawaii and
other groups in their grant develop-
ment activities. . . .

Establish a hatchery revolving

jund, ...

Interact with other State and County
agencies to insure that aquaculture

is considered in planning and devel-
opment decisions.

Regularly assess producers’ needs
for support services so that the State
can consider providing those services
not available from the private sector.
Establish appropriate existing and
new aquaculture facilities as jointly
designated lead agency/University

of Hawaii facilities

Establish cooperative programs in
research and extension and determine
the most appropriate procedures for
joint appointment of the lead agency
and University of Hawaii

Establish program review panel to
provide input from producers, distrib-
utors, researchers, funding sources,
feed suppliers and lenders, and to
petform external review of State-
supported aquaculture activities.
Appropriate funds for the construc-
fion of experimental research and
fraining facilities. . . .

Legislature

Lead agency

Legislature

Lead agency
Lead agency
Lead agency and
UH

Lead agency and

UH

Governor

Legislature

1979

ongoing

1979

oNgoing

1978

1979

1979

1979

1978

one-time

continuing

continuing

continuing

continuing

continuing

continuing

continuing

one-time

xix



Table i. Summary of Recommended Actions (cont'd)

Recommended Action

Action Agency

Timing

Begin

Duration

Plan, design and construct outdoor
experimenial research and training
Sacilities,

Appropriate funds for the construc-
tion of additional experimental
research and training facilities. . ..
Plan, design and construct additional
experimental research and training
facilities. . ..

2. BUSINESS CLIMATE

Provide assistance to prospective
aquafarmers regarding . . . permit
and environmental requirements . . . .
Increase awareness and understand-
ing among Federal, State, and County
regulatory agencies of the activities
and processes involved in aquaculture
production. . . .

Establish simplified administrative
epproval procedures . . . through
enabling legislation.

Establish a central permit coordi-
nating agency with one master permit
application form and consolidated
notices and hearings at the State
level,

Review the Aquaculture Revolving
Loan Fund periodically and, when
necessary, make additional appropri-
ations to the fund.

Provide lenders with information on
the costs of construction and oper-
ation of various types of aquaculture
systems.

Provide such support services as
disease diagnosis and prevention,*
stocking material * water chem-
istry** and soil analyses,** as well
as advice on site selection,™
permits,* business management, **
and pond management* . . ..
Provide property and excise tax
incentives to aquaculturists for a
specified period.

Lead agency and
UH

Legislature

Lead agency and
UH

Counties and
lead agency

Lead agency

Legislature

Legislature

Legislature

Lead agency

Lead agency
and UH

Legislature

1978

1981

1981

ongoing

1978

1979

1979

1978

1979

*ongoing
*+1979-81

1979

two years

one-time

two years

continuing

continuing

one-time

continuing

as needed

continuing

continuing

five vears




Table i. Summary of Recommended Actions (cont’d)

Recommended Action

Action Asenc ¥

Provide long-term leases of State
lands to aquaculturists at reasonable
rates.

Continually identify and publicize
through brochures and bulletins
significant risks associated with
operating aquaculture enterprises.
Establish additional agriculture/
aquaculture parks in a common
location. . . .

Interact with economic, lond- and
water-use, and other resource
planning efforts. . ..

Establish aquacidture activities as
permitted uses within conservation
districts.

Consider the feasibility of restoring

representative Hawafian fishponds. . . .

Continue fo assess sites for aqua-
culfture with particular attention to
sites suitable for coastal or open-sea
mariculture as well as unutilized and
underutilized lands,

Establish and maintain a reporting
activity for Hawaii's cultured aquatic
products.

Assist producers in the timely imple-
mentation of product development
projects for freshwater prawns and
other cultured products. . . .

Assist in the establishment of high
quality standards for Hawaii's cul-
tured aquatic products.

Monitor national and international
levels and prices of production, sales
and inventories which affect aquatic
products cultured in Hawaii.

Work with other agencies to provide
assistance to commodity associations
and/or cooperatives,

Support directed research to reduce
production costs and increase yields
of species currently under culture in
Hawaii.

DLNR

Lead agency

DOA and
DLNR
Lead agency

DLNR

Legislature

Lead agency

Lead agency

Lead agency and
DPED

Lead agency

Lead agency

Lead agency
and HCES/UH

Lead agency

. Timing
Begin Dueation
1978 |continuing
1979 jcontinuing
1979 |continuing
1978  [continuing
1978  |one-time
1979  lone year

ongoing |continuing
1980 jcontinuing
1978 continuing
1978 |continuing
1980 |[continuing
1978 [vontinuing

ongoing |continuing




Table i. Summary of Recommended Actions (cont’d}

Timing
Duration

A ——————
e

Recommended Action Action Agency | Begin

3, NEW ECONOMIC OPPORTUNITIES

4.

Support the demonstration, under
local conditions, of the commercially
viable culture of species or species-
groups . . . whose culture technol-
ogies have been developed elsewhere.
Provide funds for research on a cost-
sharing basis aimed at providing a
basic understanding of life cycle and
environmental requirements of
promising species.

Provide funds for testing the appli-
cability of using aquaculture tech-
nologles as components in Ocean
Thermal Energy Conversion (OTEC)
and biomass energy systems.

Provide funding to investigate the
technical and economic feasibility of
using aquaculture for livestock waste
recovery and wastewater recycling
and/or disposal.

Provide funding to determine the
potential of aguaculture effluents
for terrestrial crop fertilization and
irrigation.

Demonstrate the feasibility of using
various cultured species as bait for
pole-and-line (skipjack tuna) and
long-line fishing as well as for
recreational fishing,

Study the porential of enhancing
natural populations of popular

sport fishes. . . .

4. EXCELLENCE IN RESEARCH AND
DEVELOPMENT, TRAINING AND
TECHNOLOGY TRANSFER

a.

Bring aquaculture meeiings . . . etc,,
to Hawaii, and support the partici-
pation of Hawaii’s aquaculture
community when these gatherings
are held out-of-State.

Lead agency

Lead agency

Lead agency

Lead agency

Lead agency

Lead agencies
for fisheries and
aquaculture
development

Lead agencies
for fisheries and
aquaculture
development

Lead agency,
DPED, UH
and EWC

1979

1978

1979

1979

ongoing

gngoing

ongoing

ongoing

continuing

continuing

continuing

continuing

continuing

continuing

continuing

continuing




Table i. Summary of Recommended Actions (cont’d)

e —

Recommended Action

Action Agency

b.  Initiate advanced training programs
for foreign govermnment administra-
tors, technicians, instructors and
advisors involved in aquacultyre
development.

c. Develop cooperative programs with
other leading universities or
organizations. . . .

d.  Develop interdisciplinary programs
which would encourage lateral move-
ment of specialists in traditional
disciplines in other areas of investi-
gation into the field of aquaculture.

VOCATIONAL TRAINING AND
FORMAL EDUCATION

a.  Develop a curriculum plan in aqua-
culture for the entire University of
Hawaii system. , . .

b.  Include the subject of aquaculture
in vocational agricultural or marine
science studies at the secondary
educational levei. . . .

¢. Initiate training programs to meet
the specific needs of Hawaii’s aqua-
culture technicians and managers for
refinement of skills.

INFORMATION CENTER

a.  Estadlish an aquaculture information
center for compiling and exchanging
information . . . to assure early
application of most recent results,
and to avoid duplication of efforts.

UH and EWC

UH

UH and EWC

UH

DOE

Lead agency
and UH

Legislature,
lead agency and
UH

mw

-~ Timing
Begin Dusation
1979 continuing
1978  {continuing
1978 continuing
1978  |three years
and contin-
uing
1980 [continuing
1979 |continuing
1979 | continuing




AACLC
ADP
AFRC
APP
BIFAD
BLNR
BOA
cDup

FDA
FLD
HAES
HCES
HIMB
HNEI

ICLARM
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Hawaii State Department of Agriculture -
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CHAPTER I

INTRODUCTION

Agquacuiture: The propagation and cultivation of
aquatic animals and plants for profit or social benefit.

Increasing population pressures on the world’s limited food resources, coupled with
escalations in energy costs, have emphasized the necessity of developing new methods
of food production. An additional concern is the recent emphasis on industries that are
environmentally clean, yet able to provide tax revenues and employment opportunities,
particularly for communities that traditionally have been agricultural. Aquaculture, the
systematic cultivation of aquatic plants and animals, has demonstrated the potential to
meet these needs.

World aquaculture production in 1975 amounted to six million metric tons {only
10 percent of the total world fish catch), but this is expected to reach 50 million
metric tons annually by the year 2000 (Aguaculture in the United States, Constraints
and Opportunities, 1978). Without this production from aquaculture and with the popu-
lation continuing to increase at present rutes, the shortage of fisheries products is likely
to worsen.

In the United States, seafood imports have grown steadily as traditional fisheries
resources approach near maximum yield levels. The demand for sealood is expected to
become critical within the next 10 years, resulting in shortages and higher prices {(NOAA
Aquacultire Plan, 1977). Aquaculture production on the U.S. Mainland, which began
more than 100 years ago, reached 65,000 metric tons in 1975, yet provided less than
three percent of the seafood consumed. With proper support, this figure could expand
to cne million metric tons by the vear 2000 (Aquaculture in the United States,
Caonstraints and Opportunities, 1978).

* ¥ % ¥k % * k * ¥ *



f years.
i h as these, have been used for hundreds of y )
ms:;lﬂnlsrep:?ad;;dsﬁl important role in the society of the ancient Hawaiians,

Kahaluu Fishpond, Kahaiuu, Dahu,

Kaloko Fishpond,
{Courtesy of National Park Service.)
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Aquaculture has particular signiticance for Hawaii. The State has a tradition of
fishfarming that reportedly extends back some 600 years. There were approximately
360 fishponds in the lslands prior to the arrival of Captain James Cook in 1778, with
4 total annual production calculated to be over two million pounds (Kikuchi, 1976).
The practice experienced a drastic decline in the early part of this century due to such
factors as natural erosion, lava inundations, destruction by tidal waves, and land-filling
for shoreline expansion. Aquaculture persisted, however, gradually assuming a renewed
significance in the late 1960’s with the importation and commercial testing of the
Malaysian prawn by the State’s Anuenue Fisheries Research Center (AFRC). The AFRC
program, which provided juveniles and extension/advisory services to farmers at no cost,
established Hawaii as the world leader in the culture of freshwater prawns, and pointed
to the enormous potential of aquaculture for the State.

Opportunities for Aquaculture in Hawaii

As the only State with year-round climatic conditions favoring the growth of
tropical as well as temperate-zone aquatic species, Hawaii has the opportunity to
achieve leadership and excellence in both commercial aquaculture production and
aquaculture research, training and technology transfer activities. The State has unused or
underutilized lands that are ideal for fresh, brackish, and saltwater aquaculture, and air
temperatures that fall within the optimal range for culturing numerous economically
important species.

Aquaculture opportunities ¢xist in two separate, yet highly interrelated sectors: the
commercial production sector (CP) and the research, training, and technolegy transfer
sector (RT & TT). Both share the common goal of developing aquaculture and are
consistent with broad State goals. Although the two sectors differ on some objectives,
both will bring revenues to the State and create jobs. Perhaps most important, both
sectors are compatible and complementary, and stand to benefit greatly from each
other’s mutual expansion.

The commercial production sector. There are essentially three levels at which
commercial aguaculture is practiced in Hawaii and throughout the world. These are:

1. The part-time family-run operation which supplements the farmer's food and
income needs.

2. The smali-scale commercial operation with hired emplovees.

3. The large-scale commercial operation which is associated with, or owned by,
a large local, national or international company.

The physical layout, the amount of financial investment, and the technology
involved in thesc operations generally increase with the scale of operation. All three
levels of commercial aquaculture are practiced in Hawaii and are expected to continue
to thrive because of: (1) the diverse nature of aquaculture, {2) the demand for differ-
ent product forms of a given species, and the ability to provide these, (3) the existence
of a variety of distribution channels, (4} opportunities for the formation of producer
cooperatives and associations, and (5) provisions for Statesupported services, including
marketing and product promotion, extension/advisory, seed stock supply, credit and
financing, and water quality testing.



Ote's Porrd, Punaluu, Qahu—rhe first commercial
prawn farm in Hawaii. (Courtesy of AFRC.)

Kilawrwa Agronomics (C. Brawer & Company|,
Kilpusa, Kauy,

Kahuku Seafood Plantanan, Kakuky, Oahu,
{Courresy of Kahvku Seafvod Plantation. )

Moadarn commercial aquaculture is
one of Hawaii’s fastest growing
industries. A wide range of oppnr
tunities exists—from ihe earthen
pond culture of freshwater prawns
to the intensive land-based mari-
culture of oystars and clams.




Commercial aguaculture production in Hawaji has . )
Gross sales of agquatic products in 1978 are expecte}:jabtogr;’h‘;:; f.upldiy in recent years.
over 1977 sales, with 33 commercial operations raising ﬁeshw_:_SOU percent incregse
shrimp,. scaweed, catfish and a few species of marine finfish (_‘;";:1 Prawns, oysters. brine
under production for aquacultured species is predicted to rea *ld4$ . Tot_al acreage
percent increase over the 1977 figure, According to the Haw;,': Sa.ﬁ acres in 1978 4 714
culture has the potential to produce gross sales worth $84 mill: tate Plan 1977), aqua-
year by 1990, and directly and indirectiy employ as many as ]2%(;8 3336 m:l-lion per
jections contained in this report (Chapter 11, section G) are wm:_. people. The pro-

Y

but nonetheless favorable. what more congervative.

The research, training and technology transfer sector, - i
technology transfer sector (RT & TT) has both 2 national 1;11:1 :erftb:rrrrahtl l""‘l]mng. and
At present, RT & TT is a rather small sector in Hawaii, but there are ;:::;u er_npl_lz?sw_».
that substantial growth could take place in the next few years. Although s::]f ’h{juaglc_)r}s
institutions are intimately involved in RT & TT)! many activities are a?so cu:rr:nt?u *
located in the private sector among consulting firms, agri-business corporations ancjil non-
profit institutions. L

Although this sector’s main objective is the development of expertise and the
transfer of technology to lesser-developed countries, it must be emphasized that a large
portion of non-State funds will be expended within the State. This will credte jobs and
increase the demand for goods and services,

The high degree of interest in three recently established Feders] programs intended
to fund RT & TT points to considerable potential for this industry. Title X1l of the
Foreign Assistance Act (1975), Section 406 of the Food for Peace Act (1976), and the
Comprehensive Farm Bill (1977) could provide as much as $6 million to $10 million a
year to Hawaii’s aquaculture RT & TT sector by 1985, and directly and indirectly
employ as many as 300 to 400 people. The University of Hawazii's College of Tropical
Agriculture is submitting proposals that will place the University in a favorable position
to receive these Federal funds for both agriculture and aquaculture activities. Through
subcontracts, several other State agencies and private firms are expected to participate,

Ok ¥ Nk ok % x ok ¥

The above projections for the commercial production and RT & TT sectors ‘mdn:‘a.te
that aquaculture can make a substantial contribution to Hawaii's economy. The State’s
economic base is presently limited. In 1976, only four sources (tourism, Federal .detense
expenditures. sugarcane, and pineapple) accounted for 42 percent of the gross rSm_t‘eh
product (State of Hawaii Data Book 1977). This problem is compounded h‘}a a3 h:;, "
reliance on imports, coupled with rising fuel and fertilizer costs, SO that once prﬁ ;l‘t .
agricultural areas have become uneconomical or marginal. Moreover, only nﬂ'T?S :i::-g
industries are able to satisfy State, County, and Federal standards and P“."“d _qucs such
ments. State policy documents have, therefore, stressed the n‘?cq for newt mm?m of)por-
as aquaculture, which will diversify the economy, provide additional emptloy
tunities, and preserve the environment.

nue Fisheries Research,
'For example: the University of Hawaii, the East-West Center and the Anve
Center of the State Department of Land and Natural Resources.
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Expanded aquaculture development can help to achieve e
environmental poals of the State by providing a greater e
opportunities, contributing to the balance of trade by INCTeasing o ot'. employment
products and substituting locql]y-farmed dquatie produets 1"0,: ir: "'\p_“”x_ ol dgrtatic
economies of all Islands, leading to self-reliance in food produ‘_-[f:::l't;\ ‘d.nv.;r?u fyime the
spaces, reducing development pressure on prime agricultury| Tans ‘ nl),unt;:nm_\g open
life-styles of rural residents and the quality of tife of 4 citi?ensl .hinil Preserving the
Hawaii’s natural and human resources. ST e wise use or

'JCOIlomic_

, : socal, g
and wider Tange "

Constraints to Development

Hawaii’s considerable resources for aquacultyre developme
The numerous benefits to the State from expanded research ay
industries were also indicated. Why, then, hasn’t aquaculture 3
growth? Why, for example, has aquaculture production in Ha
areas of the world with far fewer resources?

nt were pointed out above.
“i. commercial production
chieved 4 higher rate of
wili lagged hehing other

The history of modem aguaculture in Hawaii parallels the growth of the industry
in the United States where the “rate of development is slower than had been gc:wi‘al!y
expected and has led to disappointment in aquaculture’s contribution 10 U.S. food
production” (Aquaculture in the United States. Constraints and Oppertunitios b, and
“While world aquaculture production has doubled during the last five years. 1.8, produc-
tion has remained static” (VOAA Aquacuiture Plan, 1977). The US., tor example,
ranked only 16th in the world in the culture of finfish in 1975 (Pillay, 1976}

The reasons for the slow rate of aquaculture development in both Hawaii and the
U.S. can be atiributed to the existence of major constraints. many of which are not
found in areas with greater aguaculture production. These constraints can be divided
inta three categories: (1) technical, including biological and production problems.

(2) economic, and, perhaps most important. (3} legal-institutional. In muny cases, the
synergetic effects have been more of a limiting factor than the direct influence of each
factor on the industry. The recommendations of this report address both present and
anticipated constraints. ’

Technical constraints. Effective growoul systems management is crun:i;_:_l tu ¢cum-
mercial success in aguaculture. An important technicel constraint in Hawali has been u
lack of iarge-scale growout experimentation facilities to solve growout systems manage-
ment problems and demonstrate the feasibility of culturing 2 specics. The 1-"""””?"_”"“
of fresh, brackish, and salt water species cannot be adequately evaluated without festing
in a facility that will approximate actual commercial conditions.

The importance of this constraint is recognized in countries with Inrgf"t““ L I"q;“f'
culture operations. In Japan, for example, the central governmcnr c.oopem’tc_s w.ll(:nl ;:1
prefectural governments to apply research results to COI‘T‘IIT]CTCI:!I-SE&IC\Upcrj“?‘:),?tunuc“
experimental basis. One research program increased fisheries resources 0;17;1 Ig
scale through massive artificial seed production and stocking (Asono, #7060}

: X ‘tion
Biological constraints to aquaculture in Hawaii have deveIODf’q from eg‘l;::-r:si:r?:hose
of appropriate species for research, and the subsequent Conce,"tmtlon'Olb'ological
species. Species selection has tended to reflect the s«:if:n_ti“,S mteresg'}l;?s i]S understand-
problems rather than the species’ potential for commercial culture. identifying and
able in light of the fact that no coordinated system has existed for 1de

: . . vec for commercial
encouraging developmental research on the most important species f



Aguacuiture research, training, and technology transfer (RT & TT} can
become a significant industry_ These research centers are playing a key
rola in the development of aquaculture in the State, but additional
facilities—such as an outdoor research and demonstration complex—
are necessary.

The Hawaii institure of Marine
Biology fUniversity of Hawaiil,
Kerreohe, Oghi.

{Caurtesy of HIMB.)

The Oeeanic Insttute,
Makapuu Point, Oahu.

The Anuenus Fisheries Resparch Department of Agricuttura! Engineering
Center {DLMR, Sand !sfand, Oahu ). {University of Hawaii—Manoa).



production in the State. Considering the Japunese EXPericnce
government enacted & law in 1971 to establish an aquaculty
nate certsin species of muarine plants and animals for 4qu
1976).

onve again,
™ policy that
aculture

the ceneryl
wouhd Jesig
promotion ( Avono

An additions! constraint has been the lack of mech
nology to Hawaii. The State’s aquaculture researchers ne
technology developed clsewhere in order to apply the

anisms for the transter ol tech-
ed to observe and study
results to locul conditions.,

Economic constraints. Financing 15 necessary to begin uan aquaculture
make a profit, an aquafurmer must sell his product at 4 price which e
tion costs. Thus. financing, production economics, and murket deve
tant roles in determining the farmer’s economic viability.

venture. [o
xeeeds lus proauce
lopment piay impor-

Credit availability relates to the degree of success expected from the enlerprise, the
“track record” of the applicant, the anticipated market for the product. adequate d‘uwrl
payment or front money. ete. Private financing can be augmented by public sector
sources. An important constraint to credit has been the lack of experimental facitifies
to not only fest and evalvate species, but to provide a demonstration of commercisd
feasibility. Without this demonstration, loan officers and entrepreneurs ure often reluc-
tant to loan money to. o7 invest in. aguaculture businesses.

A Turther obstacle 10 obtatning financial assistance hiss been the general fulure of
aquaculture to qualify for the programs of the U.S. Department of Agriculture and the
Small Business Administration. The aquaculturist should be able to receive the same tade,
credit. insurance. depreciation, etc., benefits that are currently available 1o peesons
engaged in agriculture and small businesses. The establishiment of the Aquaculture Loan
Fund in the Hawaii State Department of Agriculture in 1972 was an important step in
this direction,

The most serious constraint to lowering aquaculture produoction costs m _H;aw.m hiaas
been—once agin - the lack of an experimental facility. Bevcause most forms of aqua-
culture are lbor-intensive, research on reducing labor costs through mechanization s
needed. Because of high feed and fertilizer costs, it will be necessary to develop cost-
offective alternate strategies for nutrient utilization and recovery.

The production of aquatic products in Hawail 18 St‘ill re];lti\lh‘iyl SI!!;I“,-\U r.ll-,l_'nll_u-;;n '.L_
market constraints have not vet emerged. However, projections indicate I“"”' l_h" .Prl_”:.l;;‘“(
tion of certain species—freshwater prawns and oysters, tor example may "_urf d:; |:},1L.,l:i N
in the next few vears (Chapter 1I. B). Market development *_“*‘_tll‘"“e"j_t.mfi;l‘m;,il,h lm‘:
and export markets and the timing of these marketing activiies o “’”mu ¢ '
duction, will be essential to the expansion of aguaculture m the State.

aculture developmont if

N o SN,
the United States has been the lack of a lead agency 1o bcdr-m;ipt?;,:lh]tc:;)Ll'd’l:-::.l[;rjmip,
planning and coordinating aquaculture activities. *Poor C?Or."‘ld rt;grams reluting lo
and inadequate [inancial support have traditionai]}’ Chaf_a"w”:'; (JEpof:quHiﬂ& 1978
aquaculture” (Aquaculture in the United States, Constraints ar

js situation:
The NOAA Aquacuiture Plan assessed the results of this situall

Legal/Institutional constraints. A major constraint o aqu

i i avol esiruble overlap
Coordination, if any has been primarily to a;c;:;iu;;.: Sl e
rather than to define goals and agree on responst bler yor o in -
ment. Far more serious than overlap are the num



research and development effort. Many severe problems that impede com-
mercial success are not being atfacked, or the efforts are inadequate (NVOAA
Aguaculture Plan, 1977).

Efforts to develop aquaculture in Hawait have experienced similar problems.?
Responsibilities and authorities for aquaculture currently exist in five separate State
agencies. M aquaculture is to develop to its fullest potential in this State, a lead agency
must be designated to effectively coordinate State resources in the planned research,
deveiopment, support and promotion of the industry, Within the lcad agency, an orga-
nizational infrastructure should be established that will allow for 2 maximum of human
creative effort. This is needed to address the numerous biotechnical problems that

limit expansion.

Of the many constraints that a lead agency should attempt to remove, the legal
and environmental restrictions to starting an aquaculture venture in Hawaii are among
the most important.® Rigid permit requirements, created to prevent the spread of
pollution-causing industries to scenic areas, now apply equally—in some cases, unfairly —
to aquafarms. Puhlic regulations are many and varied, and may demand a considerable
investment in time and money before operations can begin. The establishment of a
simplified, coordinated permit procedure that would expedite agency processing of
permit applications should be one of the first prioritics of the lead agency.

An additional constraint which may have serious effects on the future of aqua-
culture in Hawail involves water rights and availability. Complex legal problems are
raised by State and Federal regulations in such areas as State vs. private water rights.
stream flow diversion and minimum stream flow rates, water transfer, ground and
surface water use, and historic agricultural uses of water.

Aquacuiture Development for Hawaii

In order to realize the opportunities for aquaculture in Hawaii, the constraints
discussed above must be systematically and effectively eliminated or reduced by specific
State actions in a planned. integrated, and coordinated effort. The initial step in this
process is an assessment of resources to determine limits. constraints and competitive
uses.

Before 1974, the State Department of Planning and Economic Development (DPED)
published three studies which contained assessments of, and recommendations for, aqua-
culture in Hawaii: Hawaii and the Sea 1969, The Legal and Administrative Aspects of
an Aquaculture Policy for Hawaii (1972), and Hawaii and the Seu—1974 In 1975, a
Hawaii State Senate resolution (SR 68) requested the DPED to report to the 1976
Legisiature on the progress of current aquaculture programs, the resources committed to
them, and their appropriate organizational placement. The study that emerged, Agua-
culture in Hawaii—-1976 provided detailed assessments which included such areas as
species researched, the nature and amount of funding involved in this research, public
and private sector involvement in aquaculture, and physical, institutional and human
resources for aquaculture. Among the recommendations offered was one which suggested

2See Appendix B, “*A Lead Agency for Aquaculture Development in Hawaii.”
8ee Permiss and Envirorumental Requirements for Aquaculture in Hawaii, 1977.
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Aquaculture Development for Hawaii incorporates information fr ;
ments, and adds a wide range of material to provide s compre]uznsiv,_-l);n‘.prcvnuus assess-
aquacuiture in the State. The purposes of this report are to (1) gssess lilta‘lh‘n-'.“‘,"" of ‘
for aquaculture and idcntify constraints to development, (2) set Stl:;lc ::"’]"fb rc‘wu.nxb
culture development in Hawaii, (3) define the objectives and policies neciw:ar _‘lr d{]l-lldl-‘
this goal, and (4) recommend programs, an effective organization, nianage[ﬁcnﬁ :;)r_flt_jl ize
gies, and a budget and timetable for the achievement of these objectives and lu;li:ictsﬁ

Other aquaculture studies® have made assessments and established goals and
policies, but they have generally stopped short of recommending actions; that is, they
have hesitated to answer such questions as “What should be done to aschieve these
poals?”, “How?”, “Who should do this?”, “When?”, and “How much money will be
needed?” Aguaculture Development for Hawaii, however, provides specitic answers to
these questions. This functional approach is reflected in the methodology of this report,
which follows this sequence:

1. The assessments identified both constraints and opportunities for
development.

[ g¥)

From the constraints, six broad ohjectives could be stated.
3. A set of policies could be formulated for each objective.
4. The policies, in turn, pointed to specific recommended actions.

5. Related actions, in concert with appropriate resources, could be grouped to
form programs.

6. Related programs could be grouped fo form an organization with the proper
stature and placement to carry them out.
7. Once the organization was established, management strategies for the efficent,
responsive administration of programs could be devised.
ategi : sen created,
8. Once the programs, organization and management SITAtELICs had been cre _
a budget and timetable could be postulated.

j v [rls
vy the United Stafes, Consrrain
Jrure i3 it e

+ - 'Jt.
_ An [nrroducton (ruj
Iture in the Imited States | 147h)

“For example. the NOAA Aquaculture Plan (1977), Aquacu
and Opportunities (1978), Planning for Aquaculture Developmentt
Prognosis and Prescription for Development 6f Commercigl Aquaci
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The tesutting information, formulated from exccution of the foregoing sequence,
is offered in four chapters: Summaries of Assessments (Chapter 113, Guidelines for
Development (Chapter 11f), Implementation {Chapter IV), and Budget and Timetsble
(Chapter V). A brief summary of each of these chapters follows.

Chapter II: Summaries of Assessments. The principal purpose of Chapter It is to
assess Hawaii's resources for aquaculturs in order to identify opportunities and deter-
mine the most important constraints to development. The following subject arcas are
summarized: Natural Resources, Technical Resources, Legal and Environmental Consider-
ations, Species Selection, Marketing, Funding and Financing, and Economics and Future
Considerations. These assessments are based on previously published material, survey
questionnaires, personal interviews, and letters to UX. corporations currently investing
in, or engaged in aquaculture. A more detailed discussion of legal and environmental
constraints, Permits and Environmental Requirements for Aquaculture in Hawaii, was
published by the DPED in June, 1977. The Natural Resources section contains tables
which indicate the amount of acreage suitable for aquaculture on the major Hawaiian
Islands. A set of color-coded maps identifying primary and secondary lands for aqua-
cufture on these Islands will be found in the back inside cover of this report. The
Species Selection section is divided into two parts: selection and assessment. The first
part discusses favorable and unfavarable characteristics of 20 species with potential for
aquaculture development in Hawaii. The second part assesses the eight most promising
species on this list. The market section includes a chart which indicates the estimated
potential markets for Hawaii's cultured aquatic products. Funding and Financing indi-
cates sources of funding for both public and private agquaculture activities. The final
section, Economics and Future Considerations, discusses the effect ol future develop-
ments on the growth of aquaculture in Hawaii. Projections for employment and revenue
from the aquaculture industry extend to the year 2000, The assessments in this chapter
represent brief summaries of detailed technical papers which are heing planned for publi-
cation at a later date.

Chapter I1: Guidelines for Development. Chapter 111 offers guidelines for agqua-
culture development in the form of a State goal, objectives. and policies, and suggests
specific actions to achieve these. The goal is presented first, together with other com-
patible State goals. The six objectives listed evolve from the constraints discussed in
Chapter I1. There are six headings to indicate the nature ot the objectives: (1) Unified
Approach, (2) Business Climate, (3) New Eccnomic Opportunities. (4) Excelience in
Research and Development, Training and Technology Transfer, (5} Vocational Training
and Formal Education, and (6) Information Center. Each ohjective includes a statement
of ratiorale, a set of policies to provide long-term guwidance on how to achieve the
obfective, a series of recommended actions, a suggested agency or agencies to implement
these actions (“‘action agencies™), and a schedule for implementation.

Chapter IV: Implementation. Chapter IV indicates #ow the “action agencies”
suggested in Chapter Il can most effectively carry out the actions (recommended in
that chapter) for accelerating the rate of aquaculture development in Hawaii. The action
agencies are grouped as follows: (1) the Governor and the Legislature, (2) the various
State and County agencies, (3) the University of Hawaii, and (4) the yet-to-be-designated
aquaculture lead agency. The majority of this chapter focuses on how the 30 actions
recommended for the lead agency can best be implemented. A State aquaculture
program, under the direction of the lead agency, is recommended. This program is
divided into three program areas; (1) Management, (2) Support Services, and (3) Species
Development. Each of these areas contains functional elements. These are described,



waii: Governor

?;thge Ariyoshi (center) joins U.S. Congressman Daniel Akaka
nter ieft) and Mr. John Buyers, President of C. Brewer &

A pivotal point for large-scale aquaculture in Ha

Eg:ggmv. in the first commercial harvest of Brewer’s Kilausa,
wil L-:é prawn farm. The facility—300 acres when completed—
(Co one of the largest of its kind in the world.

urtesy of C. Brewer & Company.)



together with major activities. The Species Development program arga presents a step-
wise procedure for identifying, testing, and developing new species from candidacy to
commercial culture. Throughout the chapter, the need for joint programs, appointments,
and facilities is stressed.

Chapter v: Budget and Timetable. The purpose of Chapter V is to present a five-
year budget and timetable for State funding of the aquaculture development program
discussed in Chapter 1V. Fiscal policies and guidelines are offered with a description of
oppartunities for, and constraints to, further growth. Several assumptions are presented.
Among the most important is the recognition that this budget reflects a steadily-increas-
ing Federal contribution to aquaculture development.

w ok ok ® kX % % % ¥

This chapter has discussed constraints and opportunities for the development of
aquaculture. The constraints have caused considerable disappointment because of the
aquaculture industry’s failure to progress more rapidly. Disappointment has also resulted
because hope and optimism have been created without recognizing the appropriate time
needed to remove these hindrances. For example, the commercial demonstration of an
undeveloped species may take from five to eight years or more to realize. This period
may be shortened by transferring culture practices and technologies developed elsewhere
to Hawaii. However, even if this proves to be possible, three to five yvears may be
hecessary. Therefore, the expansion of aquaculture in Hawaii will require both a State
commitment of money and resources to eliminate major constraints, and time to imple-
ment the recommendations of this report.

Aquaculrture Developmens for Hawaii offers a pragmatic, conservative course of
action that recognizes the State’s resource limitatians. Public support activities. needed
for enlarging existing activities (freshwater prawns, oysters, and catfish) and the identi-
fication and economic demonstration of new opportunities (marine shrimp, freshwater
finfish, baitfish, ete.), will be initially provided. However, expanded services and programs
should be funded on & “pay-as-you-go” basis as the industry grows and increased needs
for services emerge. This approach may not stimulate as rapid a rate of growth as a
program with greater funding requirements, but, at this time, it will produce a more
favorable cost/benefit ratio to the State.

When the recommendations of this report are implemented. the continued rapid
development of the aquaculture industry will be greatly enhanced. Hawaii can then look
forward to substantial benefits in terms of increased employment opportunities, and a
growing and more diversified ¢conomy, while at the same time, maintaining its quality
of life,

14



CHAPTER 11

SUMMARIES OF ASSESSMENTS

This chapter presents the summaries of assessments of the Following subject areas:

A. Natural Rescurces

B. Technical Resources

C. Legaland Environmental Constraints
D. Species Selection and Assessment
.  Mauarketing

F. Funding and Financing
G. Economic Projections and Future Considerations

The publication of even a small portion of the material available for each of the above
areas would constitute a lengthy report. This chapter, theretore, condenses this information
in order to present a concise and meaningful assessment of Hawaii™s resources, opportunities
and constraints. For additional details, the reader is urged g0 consull the references st the
end of this report. A series of detailed, technical assessments in the aferementioned subject
areas is being planned for publication under separate cover at a future dute.

A. Natural Resources

Land-based freshwater aquaculture is considerably mor advanced than m;muuhulrf
for a variety of biotechnical and legal reasons, and is expected (o make a mone sgiifi-
cant contribution to the growth of aquaculture in Hawaii during the next decade.
Because of this, the assessment of areas physicalty suitable for aquaculture was hmited



to identifving and mapping land areas. Factors considered in the statewide land
assessment included: (1) elevation, (2) slope of the land, (3) type of soil, (4) identifi-
cation of surface and ground water sources, and (5) acreage summations of suitable
lands of each Island by major drainage basins. State land-use districts and lands within
military reservations were the institutional factors considered.

Factors

Elevation. Lands 3,000 feet above mean sea level were eliminated from aquaculture
consideration because of cloud cover and lower temperatures. For every 1,000-foot rise
in elevation, the decline in mean mgnthly temperature is about 3°F. Generally, temper-
atures above 3,000 feet would be less than optimal for the growth of all but a few
temperate species, such as trout.

Slope. Lands with a slope greater than five percent were eliminated because of
high earthwork costs for farm construction, together with erosion and siltation problems.

Soils. Low soil permeability is a requisite condition for traditional earthen pond
aquaculture, Three soil types were identified from maps produced by the U.S. Depart-
ment of Agriculture's (USDA) Soil Conservation Service (SCS) and the University of
Hawaii’s Hawaii Agricultural Experiment Station (UH/HAES) (196%). Clay, clay-loam,
and loam socils were selected as the prime soils for unlined pond aquaculture because of
their water-retaining properties. Soils of other types are suitable for artificially sealed,
lined, or otherwise constructed culture units.

Surface and ground water sources. Perennial streams, reservoirs, ponds and ground-
water sources were identified by mode of occurrence from various sources and drawn
on the base maps of each Island. Mapped information of groundwater sources was
obtained from the U.S. Geological Survey Water Supply Paper 2041, 1977,

State land-use districts. Lands placed within urban districts by the State Land Use
Commission (LUC) were eliminated from the aquaculture acreage assessments. Urban
districts include lands presently in urban use with reserve areas of undeveloped lands to
accommodate foreseeable urban growth., Some undeveloped urban areas may be suitable
for aquaculture development, but high land values, taxes, and the problem of securing
long-term jeases are reasons why they were not considered for aguaculture.

Military reservations. Sizable land areas on Oahu and Kauai are under military
ownership. Since some of these areas may revert back to State control, military reserves
were included in the assessment as potential areas for aquaculture development and
singled out in the acreage surmmations.

Definition of primary and secondary aquaculture lands. Primary lands that are
suitable for aguaculture development are defined as meeting all of the following criteria:
(1) lands below an elevation of 3,000 feet, (2) lands of clay, clay-loam, or loam soil
type, (3} lands with a slope of not more than five percent, and (4) lands outside of
Urban Districts. Secondary aquaculture lands have the same characteristics but include
all soil types other than clay, clay-loam, or loam.

Acreage assessments. Acetate overlays for each of the aforementioned factors were
prepared for superimposition on base maps of each Island. The boundaries of primary
and secondary aquaculture lands were measured by planimeter, and acreage figures were
computed from the planimeter measurements.
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Hydrographic regions. Primary and secondary aquaculture lands for each Island were
computed by hydrographic regions which represent the major drainage basins adopted
from the KMawaii Water Resources Plan (1977). Within each hydrographic region, acreages
of primary and secondary aquaculture lands were divided into two categories: O to 100
feet, and 101 to 3.000 feet above sea level. Lands bounding the O to 100-foot elevation
contour were judged to be suitable for coastal water source (salt or brackish water)
aquaculture. The cost of the energy needed to pump seawater beyond the 100-foat

elevation was considered prohibitive.

Acreage summations. Therc are more than 135,000 acres of prumary lands in the
State which are exceptionally suited for aquaculture development (Table 2). Mast of
the primary lands are currently in agricultural production, principally for sugarcane and
pineapple. Aquaculture expansion could extend to the lands currently in agriculture
production by the 1990s. Oahu has the largest amount of primary lands, followed by
Kauai and Maui. The Island of Hawaii has by far the largest amount of secondary
lands. Many of these lands are currently under low-intensity use. chicfly for grazing.
Some of these areas appear to be well-suited for saltwater aquaculture projects.

Tables 3 through 8 present acreage statistics of primary and secondary lands for
each of the six largest islands according to elevation bands and major drainage basins
(hydrographic regions). Comprehensive information on water resources within each hydro-
graphic area, together with statewide assessments of water needs, problems and oppor-
tunities expected to emerge by the year 2000 can be found in the Hawaii Water Resources
Plan (1977).

Maps

Color-coded maps identifying primary and secondary lands for each Isiand will be
found in an envelope affixed to the inside back cover of this report. While the tabular
acreage assessments exclude urban district Jands, the maps do indicate the major urban
centers. Additional features presented on the maps include: (1) groundwater sources by
mode of occurrence, {2) perennial streams, reservoirs, and pands, (3} elevation and rain-
fall contours, (4) major highways, and (5) boundaries of the hydrographic regions.

Future area assessments

All of the aforementjoned factors which were used to determine the acreages of
primary and secondary lands were overlayed on 1:24,000 scale base maps. These are on
file with the Aquaculture Development Program. As resources allow, acetate overlays
will be prepared for the following features: (1) existing uses of both primary and
secondary lands, (2) land ownership, (3) subzoning within each State Land Use District,
{4) location of solar intensity stations, and (5) possible sources of water pollutants.
This information should be of value to prospective aquaculturists interested in selecting
sites for commercial operations.

B. Technical Resources

The assessments of Hawaii’s technical resources are summarized according to the
foliowing key subject areas: (1) effectiveness of past research, (2) development of fresh-
water prawn farming, (3) laboratory research facilities, (4) outdoor research and demon-
stration facihities, (5) extension/advisory services, (6) analytical services, (7) education
and training, (8) information transfer. (9) complementary programs, and (10) private
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research and consulting activities. A more detailed treatment of these resources is cxpected
to be published at a later date,

Effectiveness of Past Research

There are five principal organizations in Hawaii which conduct basic and applied
aquaculture research: the State Department of Land and Natural Resources (DLNR)
Anuenue Fisheries Research Center (AFRC); the University of Hawaii's Hawati Institute
of Marine Biclogy (HIMB), Department of Botany and College of Tropical Agriculture
(CTA); and the QOceanic Institute (Of). During the past 16 years (the pertod generally
thought to correspond with the growth of modern aquaculture), nearly §& million from
both State and non-Stat2 sources have been invested in research. Nearly one-half of
this sum was from the Sea Grant College Program (SGCP) of the National Oceanic and
Atmosphetic Administration (NOAA) of the U.S. Department of Commerce (USDOC),
while approximately one-fourth was State money. The remainder can be primarily
attributed to private sources (grants and coatracts for international development work}),
and some Ceunty contributions.

In general, the purpose of this vesearch effort was to determine the aquaculture
potential of selected marine and freshwater species. Of the more than 20 plant and
animals species researched, the Malaysian prawn and a marine seaweed (Euchewrma) have
emerged as viable commercial enterprises. However, it should be noted that research
into commercial seaweed production was carried out primarily in the Philippines. The
majotity of the potential aguaculture species were tested at HIMB under a Sea Grant
funded program. Species eliminated from further consideration possessed major bio-
technical problems, and tunding agencies could not provide the resources necessary to
find solutions, if, indeed, solutions were possible. Other organizations concentrated their
research efforts on fewer species, e.g., prawns (DLNR) and mullet (Ql). Cooperative
research efforts between State and private orpanizations have been developing slowly,
but steadily.

A critical examination of these research activities reveals that some species were
selected for evaluation without an adequate examination of the costs involved in
raising the species locally, Moreover, the funding provided for the study was often too
meager to achieve results. In addition, certain species were apparently researched because
of their biological interest to the principal investigator, rather than their aquaculture
potential. If the investigator chose to leave the State, research efforts were reduced or
terminated.

These observations reveal some of the complexities of aquaculture development.
Furthermore, they indicate that a system with specific objectives and mechanisms for
coordination and the placement of responsibility for actions was clearly needed. How-
ever. Hawaii’s early research efforts have provided extensive biclogical and ecological
information on local species and this hackground research can be used in future aqua-
culture development decisions.

Development of Freshwater Prawn Farming

Malaysian prawn (Macrobrachium rosenbergii) is the most successful aquaculture
species cultured in Hawaii {Chapter I). An analysis of the historical development and
present status of prawn farming (Corbin, 1976) provides the basis for a system for
developing other species under Hawaii conditions, The characteristics highlighted below
can be grouped into two categories: (1} the basic economic factors involved in prawn
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Aquaculture Disease Spacialist, Dr. James Brock,
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Hawaii has a wide range of
technical resources for agua
culture, The State should
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farming in Hawaii and (2) State activities which have encouraged the development of a
commercial aquaculture enterprise.

An important reason for the success of prawn farming in Hawaii is the existence
of a substantial market for the product. Since prawns are considered a luxury food,
the wholesale market price for prawns has tended to remain high in comparison to
other aquatic species. Thus a strong demand for prawns has resulted in profit margins
which have made prawn farming an attractive activity.

State activities performed primarily by the AFRC have done much to encourage
commercial prawn farming. The State’s development of a workable bhatchery technology
to produce juvenile prawns and provision of free stocking material has spurred prawn
farming in Hawaii and around the world (Corbin, 1976: Hanson and Goodwin, 1977).
Perhaps equally important was the active part the State played in the demonstration
of the scientific and economic feasibility of commercial pond culture. State personnel
worked closely with private farmers and provided the technical expertise necessary for
success. This type of close working relationship was augmented by the State’s provision
of & broad array of free extension/advisory services and stocking material at cost after
the farmer became established. These services touched on every aspect of the growout
system from site selection to harvesting and were supported by a limited State research
capability. The State was also active in providing initial assistance in establishing markets
for the farmers' production. The final area of State assistance concerns the increased
availability of loans to aguafasmers and the training of a competent labor force through
workshops and on-site assistance.

Prawn farming is now at a point where private entreprencurs are organizing to
address common needs. Recently, a prawn farmers association was formed with a view
towards evolving into a cooperative. Such organizations can assist ali {armers by
(1)} purchasing feed and other inputs in volume, (2} assisting the State in establishing
priorities for research and support services, and (3) collectively participating in post-
harvest handling and processing activities. In addition, recent increases in prawn produc-
tion have identified the need for a concerted market development program.

In summary, a State commitment to the development of hatchery technology, the
demonstration of growout techmiques, the provision of extensionfadvisory services. the
establishment and development of markets, and the increased availability of loan capital
have contributed to the establishment of successful freshwater prawn farming. The
inescapable conclusion is that similar State effarts directed towards other species could
accelerate their rates of commercial development.

Laboratory Research Facilities

Well-staffed and equipped laboratory research facilities for basic and applied
research are essential to the growth and development of aguaculture. Hawaii is fortu-
nate to have research capabilities in a wide variety of scientific disciplines. These facili-
ties are located in the State University system, at the DLNR and at private organizations.
Currently, the Manoa campus of the University has faculty and staff, with professed or
demonstrated aquaculture interest, located in the following branches: the Departments
of Botany and General Sciences of the College of Arts and Sciences: the Departments
of Agricultural Engineering, Resource Economics, Animal Sciences, HAES, Food
Sciences and Technology of the CTA; Department of Genetics of the School of Medi-
cine; the Center for Engineering Rescarch; Hawaii Cooperative Fishery Research Unit;
HIMB; Hawaii Natural Energy Institute (HNEI); and the Pacific Biomedical Research
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Center. The DLNR has laboratory facilities associated with its freshwater prawn research
at the AFRC (Corbin, 1976). A partial list of commercial research laboratories with
aquaculture interests are discussed in the *‘Private Research and Consulting” portion of
this section.

All of the above-mentioned entities have the personnel and resources to conduct
aquaculture research, if these personnel are encouraged to utilize their skills to address
problems relating to aguaculture. Areas of critical concern to the development of
economically important species are selective breeding, pathology, engineering, pond eco-
systemn management, food technology, nutrition and physiology. Joint or interdiscipii-
nary programs, which combine expertise from appropriate disciplines, have been applied
to a moderate extent in Hawaii, most notably with freshwater prawns (Sea Grant Insti-
tutional Program, Year 11, 1378). The success with prawns suggests that the other
cooperative programs should be encouraged to address the complex development
problems of other species. The key to the establishment of these programs is the
encoutagement of the lateral movement of specialists in traditional disciplines into aqua-
culture research; for example, directed research contracts could be used to investigate
specific problems. A final consideration of special importance to the development of
aquaculture in Hawaii is the need to establish national and international cooperative
efforts which would include exchanges of aquaculture specialists among agencies and
organizations.

Outdoor Research and Demonstration Facilities

The research and development activities of State organizations have been limited
by the need for and lack of outdoor ponds for controlled statistically valid growout
experiments. This lack poses particular problems for the Malaysian prawn research group,
composed of the AFRC, UH/CTA and UH/SGCP members, because large-scale growout
experimentation is necessary to address important pond management questions. Maore-
over, performance evaluation tests of potential fresh, brackish or salt water aquaculture
species cannot be undertaken because appropriate pond complexes are not available.
Likewise, the transfer of technology to the private sector is difficult because growout
demonstration activities, e.g., pond growout for freshwater prawns, cannot be readily
carried out by State or University extension/advisory personnel.’

Extension/Advisory Services

Extension/advisory capabilities in Hawaii range from providing advice on funda-
mentals to “hands-on” assistance at the production facility. Sources of this support can
answer basic questions (“What is prawn farming?”), as well as problem-oriented inquiries
(“Why do my prawns have black gills?”"). There are six principal public sources where
these services are provided at no cost to the farmer. Briefly, these are:

Anuenue Fisheries Research Center, Division of Fish & Game, DLNR. The AFRC
is the foremost source of advice on commercial prawn aquaculture systems. Personnel
provide information concerning all aspects of prawn aquaculture, from siting to market-
ing. The rapid expansion of commercial prawn production has resulted in the number
of requests for assistance to exceed the capabilities of the AFRC to respond.

5For 2 more detailed treatment of this subject, se¢ Appendix B, “Tropical Aquaculture Center
for Hawaii.”
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There are many ways
the State can encour-
age the expansion of
aquaculture—from
increasing the public’s
awareness of opportu-
nities, to providing
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to aquafarmers,

Finting out about prawns—an
exhibition in downtawn Hopoluiu,

Prawn farmers issm harvesting mchnigues from Anuenue Fisheries Ressarch Canter workers.
{Courtasy of AFRC.}
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Marine Advisory Program, UH/SG. Marine Advisory Program (MAP) agents, Jocated
in each County. are responsible for identifying and meeting the marine information
needs of the citizens of their County. Aquaculture services make up a limited, but
growing, part of their activities. To date, their focus has been on the practical back-
yard operation and inquiries concerning commercial operations are referred to the
appropriate State agency or the University. A MAP/Aquaculture Development Program
{ADP) cooperative effort has produced a general information slide show on aquaculture
in Hawaii and a film on raising freshwater prawns is under consideration.

The Hawaii Agriculture Extension Service, UH/CTA. The HAES has a long history
of extension/advisory services for the agriculture industry. On the Mainland, advice on
the pond aquaculture of various freshwater {primarity catfish} species is routinely
provided (Aquaculture Joint Hearings before the Subcommittee on Fisheries and Wild-
life Conservation and the Environment and the Subcommittee on Oceanography of the
Committee on Merchant Marine and Fisheries, House of Representatives, 1975). How-
ever, this is not the case in Hawaii. HAES agents in this State have specialties in ter-
restrial ptant culture or livestock husbandry. At present, there are no aquaculture
specialists; however, the potential exists for increasing the level of aquaculture skills if
the existing infrastructure is utilized.

Soil Conservation Service, USDA. SCS's capabilities for advising on freshwater
aquaculture are limited to erosion control around pond banks. On the Mainland, SCS
agents provide freshwater aquaculture extension/advisory information which includes
(1) biotechnical aspects of fish farming. (2) engineering aspects of pond design, and
{3) site selection of ponds. This range of services has nat carried over to Hawal, yet
the potential for developing these services exists.

The Aquaculture Development Program, Department of Planning and Economic
Development. The ADP, an interin program, carries out State aquaculture planning and
development activities. ADP staff can provide advice on various types of fresh, brackish,
and saltwater aquaculture, and reler inquiries to appropriate extension personnel and
other experts.

County services. Several of Hawaii’'s Counties are considering the establishment of
aquaculture specialist positions to perform extension/advisory work. To date. only Maui
County has this position.

In summary, Hawaii has limited capabilities in extension/advisory services to agua-
farmers. Prawn farming is the major commercial aquaculture activity in the State, how-
ever, an expansion of current resources is needed to keep up with the projected growth
of operations. There is a need for training agents in the skills necessary to keep pace
with the projected diversification of the industry. The possibility of sharing the cost of
this development through joint programs should be explored.

Analytical Services

New aquafarmers may not possess the wide array of technical knowledge to
manage a commercial aquaculture enterprise. For example, there are many new aqua-
farmers in Hawaii with a background in terrestrial agriculture, but who have little experi-
ence in managing aquatic systems (Corbin, 1976). Furthermore, the cost of obtaining
the appropriale expertise from consulting firms may be too great for many new busi-
nesses. For these reasons, the provision of analytical support services is a valuable area
for State assistance to beginning farmers.
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Two State-supported analytical services for the commercial production sector will
be availabie to a limited extent in late 1978, These are water chemistry analysis and
disease prevention assistance. A water chemistry laboratory, which will be administered
by the AFRC and located at that facility, will support pond management rescarch and
extension/advisory services. Services for commercial producers for “trouble shooting”
problems may be available initially on s limited basis, but may be expanded at a later
date,

In the area of disease prevention, a State-supported aquaculture discase specialist
position was recently created on the ADP staff. The specialist works jointly with
the DLNR and the Department of Agriculture (DOA). The individual will be respons-
ible to the AFRC for providing disease identification and pathology services to the
aquaculture community for species which are currently cultured, or are under investi-
gation for culture in Hawaii. At the DOA, the individua! will work out of the Plant
Quarantine Branch and catalog diseases which affect species under cultivation in
Hawaii, inspect live shipments of aquatic species for cultivation in the State and insti-
tute follow-up procedures with importers regarding the health and well-being of
imported aquatic species for culture in Hawaii,

Possible future analytical services include soil analyses--iniportant in aquaculture
site selection-and shelifish depuration to help estublish profitable oyster farming in
Hawaii. Key analytical services should be provided by the State until such time as they
are adequately available in the private sector.

Education and Training

Opportunities for formal education and training in aquaculture have been limited
in Hawaii. At present. there is no degree program for aguaculture in the State Univer-
sity systern, although students can receive ¢ degree in 2 number of refated ficlds and
carry out thesis research in ayguaculture. Several courses recently offered by the UH at
Manoa were directed at a wide range of students from the non-technically oriented
undergraduate to the advanced degree candidate, Courses offered outside the University
have been introductory in nature,

With the exception of freshwater pruwns, “hands-on’ training that would give the
individual the opportunity to work with a system under supervision has not developed
to a great extent. The UH/SG Marine Option Program (MOP) works with the State
aquaculture community to place undergraduate students with an interest in aguacuiture
in appropriate learning situations, while the UH/CTA is providing [irst-hand expericnce
in pond muanagement through courses at their Pearl City Instructional Facility. The
AFRC, in couperation with the East-West Center and other members of the State’s
aquaculture community, has conducted comprehensive training workshops for Malaysian
prawn farming systems (hatchery to growout). In addition, training opportunities have
been available during the summer months when the AFRC's hatchery is operating at
full capacity. Notably, AFRC workshops have attracted students from many countries,
and have provided the trained personnel necessary for the growth of the prawn
industry overseas and in Hawaii.

Future education and training goals may include offering undergraduate as well as
graduate degrees in aquacuiture, according to the needs of both sectors of the industry,
The curriculum should have a high degree of local relevancy. as well as value to students
from Astan and Pacific Basin nations. It is clear that the expansion of quality aquaculture
education and training opportunities will depend on the State’s ability to attract
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Opportunities for aquaculture education and training in Hawaii have
increased substantially in the last few years. In addition to Faderat,
State, and private international programs, the Univarsity of Hawaii
system has added courses that offer local residents the chance to
become aquafarmers.

Above: Learning about aquaculture in Hawaii: indonesian officials taking part in a prawn workshop
are shown a project at the Hawaii Institute of Marine Biology. {Courtssy of AFRC.)

Betow: Students from Kauai Community College scquire "hands-on” training at Astro Marine, Inc.’s
prawn and bring shrimp facifity. (Courtasy of Astro Marine.)
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experienced individuals to teach in Hawaii. Furthermore, the possibility of establishing

cooperative programs with other local, national and international groups should be

explored.

Information Transfer

A rapidly increasing awareness of opportunities in aquaculture has resulted lin a
need for a variety of information. There are §everal sources of information relating to
aquaculture in Hawaii: the National Marine Fisheries Service (NMFS) of the NOAA: the
Cooperative Fisheries Unit of the U.S. Fish and Wildlife Services: several State agencies,
including the AFRC and the ADP of DPED; and several departments within the UH,
e.g., SGCP, CTA, and HIMB. State libraries are generally aware of aquaculture as a
business and a science, but have few informational materials to distribute. The organi-
zations listed above answer general inquiries on an individual basis because pamphlets
and other informational materials are not presently available. A clear need exists for
promotional material identifying the various opportunities for commercial aquaculture

in Hawaii.
Complementary Programs

State energy and fisheries programs complement and enhance the development of
aquaculture in Hawaii. The DPED’s Center for Science Policy and Technology Assess-
ment {CSPTA) is involved in several programs directed at developing aliernate energy
sources for Hawaii. Among the proposed techrologies which can interface with aqua-
culture are: (1) ocean thermal energy conversion (OTEC), and (2) biomass energy con-
version projects, The development of these technologies in Hawaii could broaden the
scope of aquaculture activities, particuarly those related to mariculture (State of Hawaii,
Energy Resources Coordinator’s Report, 1977).5

In addition to alternate energy projects, there has been a rising interest in expand-
ng live bait skipjack tuna fisheries in Hawaii and the Pacific (Pacific Tuna Development
Foundation, 1978). Aquaculture can play an important role in the development of the
tuna fishery through the culture of baitfish (Hawaii Tuna Fishery Development Flan,
1977). Aquaculture technologies can also play a significant role in other State fisheries
management activities, such as enhancement of natural stocks and the development of
waste water and nutrient recovery systems. Activities in thesc areas are likely to increase
in the near future.

Private Research and Consulting Activities

Haywaii has several private research and consulting firms which are committed to
dc\(e!oplng aquaculture locally and in the Pacific. The Qceanic Institute, 2 nonprofit organi-
zation, has a long and prestigious history of involvement in aquaculture, particularly in '
research on the artificial spawning of mullet. The Pan Pacific Institute of Ocean Science,
:'lnothqr nonprofit organization, engages in various aquaculture-related biological studies,
including _31838 culture, sewage re-use systems and OTEC development. In recent years,
several private, profit-oriented aquaculture consulting firms have become established.
Most of these perform feasibility studies and consult on numerous operational

®See also Chapter 11, G.
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Cooperative projects, which combine skills available in two or
more programs, make efficient use of Hawaii’s resources for

aquaculture,

Prawn workshop: a joint affort of Anusnupe Fisharies and the East-West Canter,
{Courtesy of East-West Canter.)

* OOMOMN DEVELOFMRNT
. STATR OF HAWAI

Stice show, Aguacuiture in Hawaii, produced by Sea Grant’s Marine Advisory Program
and DPED's Aquacuiture Develpprnant Program feanter).
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components of cemmercial aquaculture systems. These firms include the Pacific Aqua-
culture Corporation, Aquatic Farms, Ltd., Systems Culture, Inc. and Environmental
Consultants, lnc. In addition, Hawaii has numerous firms which can consult on such
specilic production problems as soil analysis. water chemistry analysis. etc.”

Actions to promote Hawaii as @ center for aquaculture technology for Asia
and the Pacific can aid the further development of these private activities. Also, the
existence of this private infrastructure presents opportunities for cooperative research
and development programs between the State and the private sector.®

C. Legal and Environmental Constraints

There are few aspects of aquaculture uses of lands and waters that arc not regulated
by State, County or Federal agencies. Public regulations are many and varied, ranging
from environmental assessments and impact statements te special permits. Some regu-
lations govern specific activities (e.g., grading, construction, well digging. i tluent,
disposal} regardless of location, while others govern activities within specific peographic
areas {e.g., conservation districts, shoreline setback and management areas. near-shore
waters).

An initial problem taced by prospective aquaculturists is determining the number
of permits, project reports, and public hearings that could be required for securing
government approvats, and then forecasting the amount of time and expenditure needed
to meet agency reguirements. Another difticulty centers on the uncertainties of the
many laws and regulaticns that were adopted before aguaculture developed into a welk
recognized activity and which are now relevant to it. Statutes relating to fand and water
use are broadly phrased. leuving room ior administrutive judgment on their applicability
to aquaculture use,

Major Legal Bases

The number of government approvils for aguaculture projects can vary widely
depending on the complexity of a project, the location, type of activities, potential
mmpact, as well as the degree of controversy generated. fu generdl, a choice of inland
locations can greatly minimize regulatory problems since shoreline land and water use
poermits are hoth nuwmeraous and complex.

Figure | shows a comprehensive view of the major legal bases that govern land and
water use in Hawaili with reference to the shoreline. An understanding of these major
laws is a prerequisite Jor understanding the regulatory processes governing aquaculture
use. Detailed discussions of these laws, their relationship to cach other, and their
applicability (0 aquaculture activities are presented in Perniits and Enviranmental Require-
ments for Aquaculture in Hawaii, a study published under separate cover by the State
Department of Planning and Economic Development (1977}, This study contains a
description of permits that can be required for aquaculture projects, including their
purpose, data requirements. filing fees, time from filing to approval, public participation
requiremnents, and problem areas.

7See Hawaii Scientific Resources Directory, 1977.
8A teport detailing Hawaii's technical resources for aquaculture is expected to be published
by the Aquacuiture Development Program,
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Jurisdictional Overlaps

Government approvals for aquaculture activities within nearshore locations are
compounded by overlapping statutes and a fragmentation of jurisdictional authority
that mandate independent agency reviews. The following examples lustrate this point:

1. State law defines “shorewaters” as all ocean shores below the mean high
water mark within the jurisdiction of the State. US. “navigable waters” are
defined in Federal law and Army Corps of Engineers regulations as those
which are subject to the ebb and flow of the tide. Aquaculture activities
within or affecting coastal waters are thereby subject to concurrent authoriza-
tion by the Corps and the State Department of Transportation (DOT).

()

According to State Land Use Commission regufations (LUC), lands below the
zone of wave action are included in the conservation district, unless otherwise
designated on district maps. Therefore, in addition to securing Corps and DOT
authorization, an applicant would need to obtain » Conscrvation District Use
Permit (CDUP) from the State Board of Land and Natural Resources (BLNR) for
aquaculture activities invelving coastal waters and submerged lands.

3. Under State law, the care and control of navigable reaches of streams are
placed with the DOT. Similarly. wetlands and streams are within the juris-
diction of the Corps. Morcover. Stute regulations set forth that **all waters
within the State ure considered to be within a tland) use district and (are to
be) controlled by the applicable district reguiztions.” ‘Therefore. aquaculture
activilies involving the use of inland water areas are subject to County, State,
and Federal controls.

4. The Special Management Arcy (SMA) overlaps the 20- to 40-foot setback area
intand of the shoreline. Aquaculture uses involving lands within the shoreline
setback are thereby subject to both SMA and setback rules and regulations,
Sctbuck areas and SMA's that are in the conservation district are under con-
current jurisdiction of thy respective County authorities and the State BLNR.

Lh

Finally, under State faw, Environmental Impact Statement (E18) determination
is required for proposed actions within the shoreline setback area (including
stream mouths by definition), for actions within 300 feet scaward of the
shoreline, for actions in conservation district land and waters, and for actions
within designated historic sites (some coastal fishponds). Moreover, State and
Federal EIS and SMA administrative provedures can require duplication of
mtormation on a broad set of environmental attributes and project impacts.

Common Data Requirements

Tuble 9 depicts common data requirements that could be necessary for securing
project approvals from the various agencies that have legal authority over aquaculture-
related activitis near the shoreline. The DPED agquaculture permit report (1977} pro-
vides bastc information on permits required for constructing and operating projects, and
indicates the appropriate public agencies for prospective aquaculturists seeking detailed
information on the scope of 4gENCY requirements.

Then; are other government approvals that deal with importations of animals, and
with public health requirements in the propagation and sale of shellfish.
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Importation

State regulations. Betore any new species can be introduced into Hawaii, either for
release or for culture. permission must be received trom the State Board of Agriculture
{BOA). The procedure is initiated by filing an application form and supporting docu-
mentation with the Plant Quarantine Branch of the Plant [ndustry Division of the DOA.
The application and supporting materials for new aquaculture species are forwarded to
the Advisory Subcommittee on Invertebrates and Aquatic Biota for their review and
recommendation. The Subcommittee's comments and recommendations are, in turn,
transmitted to the Advisory Committee on Plants and Animals for additional review and
recommendation. The BOA can approve, deny, or uapprove wilth modification, those
importation reguests that have been reviewed by the respective committees. This pro-
cedure can take a minimum of six to eight weeks or longer depending on the amount
of supplementusl information required by the three levels of review. Once permission is
granted for the importation of 2 species, requests for further importations of that
species are handled administratively.

Federal regulations. The Lacey Act (Section 42, Title 18, United States Code)
authorizes the Secretury of the Interior to restrict, by regulation, the importation of non-
native organisms which coutd be injurious to aquaculture and wildlife resources of the
United States. A proposed injurious wildlite list published in the March 7, 1977
Federal Register includes all species of the genus Swrorfierudon. the white amur or grass
carp, and the silver carp. The Aguaculture Advisory Council and Liaison Committee
(AACLC)Y has formally requested that these species be struck from the proposed list of
injurious species tor various reasons including the fact that they have significant ecenomic
potential as low-cost, high-quality sources of protein. The matrer of final rule making is
in abeyance since the issuance of Executive Order 11987 on May 24, 1977 which
directs the Secretary of Agriculture to develop legislation to deal with the importation
of exatic spacics,

Shelifish Reguiations

Regulations prepared by the Stute Department of Heaith (DOH) controlling the
production, harvesting, processing. packaging. storage. and distribution of shellfish (oysters.
clams, and mussels) grown in either natural or artificial environments have recently been
adopted. These regulations were prepared in conformity with the National Shelifish
Sanitation Program ot the US. Food and Drug Administration (FDA}L The adoption of
the regulations paves the way for the sale of cultured shelifish for both local and export
markets.

Findings

Government regulations over land and water use can have an impeding cffect on
aquaculture ventures. Jurisdictional fragmentation due to overlapping statutes requires
repetitive agency reviews. The result is a duplication of data requirements that appears
unnecessary for the timely processing of legal requirements for aquaculture ventures.
This situation can result in several consequences:

1. thaining financing, leasing land. and planning cash flows may be difficult
since there can be no advance guarantee that a project will be approved at
each permit request stage.




Risks are compounded by the repetitiveness and fragmentation of government
approvals. This can result in escalating project costs and possibly, the abandon-
ment of the project.

The “red tape” inherent in the existing network of controls works against
innovation. Red tape has had an inhibiting effect on the emerging aquaculture
industry since prospective aquaculturists have had to satisfy the questions of
regulatory personnel unfamiliar with aguaculture technology.

Because of the costs associated with satisfying permit requirements, financial
resources will often be the determining factor for those entering the field.
Starting an aquaculture venture can be a relatively impossible task for those
lacking investment capital and the ability to absorb the costs of delay, but
who might otherwise have the knowledge and practical skills required to engage
in aquatic farming.

Conclusions

1.

Consideration should be given to the adoption of an cmnibus State policy on
aquaculture. A key feature of this policy would be the recognition of aqua-
culture as a highly desirable form of economic activity, well-suited to the
culture, economy, and environment of Hawail.

Aquaculture activities should be accorded high priority in resource allocation
plans, i.e., leases should be comparable to those held by traditional agricultural
activities. By nature, many aquaculture activities must be concentrated in the
coastal zone and suitable coastal lands should, therefore, be set aside for this
purpose,

Aquacultural development can be assisted by a thorough, uniform enforcement
of all laws affecting the construction or operation of aquaculture facilities.
Fair and equal enforcement practices are critical in a new industry, since the
timing of entry is crucial to chances for commercial success.

The system of government approvals should be simplified to expedite agency
processing of permits. Possibilities include consolidating permits, the develop-
ment of a master application form, the establishment of joint hearing proce-
dures, and the adoption of abbreviated administrative approvals for those

aquaculture activities that clearly have no detrimental environmental effects.

Aquaculture should be considered as a form of agriculture. Possible effects
could be the raising of the ceiling on State aquaculture loans, the easing of
grading requirements for pond construction, and the facilitation of other permit
and regulatory procedures.

D. Species Selection and Assessments

A pivotal issue in the development of aquaculture in Hawaii is deciding which

animals and plants should receive funding for research and demonstration projects. A
State program to develop even a portion of the potentially culturable species in the

world is unrealistic due to the resources required and the existing state-of-the-art for
culture of many of the candidates. Previous research undertaken in Hawaii on a large
number of species has resuited in only one, Malaysian prawns, achieving a significant
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Table |1, Listing of the 20 Species-Group:
Common Names of 1
as Candidates for Aquacu

s and the Scentific Names and
he Principal Members Which Were Considered
lture Development in Hawaii

Spociesgroup

Scientific Names of
Principal Members

Common Names of
Principal Members

L o

14,

12

13,

14,

15

1.3

17,

18,

19
0.

American Lobater
Aquatic Algse

Baitfish

Brine Shrimp

CaifNah

Chinese { arps and Tilapia

Tlams
Lzl

Freshwater Prown
Limpet (£2pihd)

Marine Shiamp

Milkl1gh
Mulic)
Octupus

Chrnaniental Fish

Uysiern
Sumoun Crab
Scallops

Threadfin (M}
Trout

Homarr ameneanus

Eucheumd striafum
Fucheumo spp.
Gracileria coronopifolia
Chrondris spp.

Mgerocystis spp-

Spiruling gp.

Poectlia virtata

Artemia sfing

fotaheral punctatus
Clenupharyngodon idella
Aristichihys nabikis _
Hypophthalmichthys nrolifrnx
Cyrrhing molitrelle
Sarotheradon spp.
Mercenana mercenoria
Tapes japonica

Anguills joponica

Anguilla anguita
Macrobrachium rosenbergii

Cellana exarata
Cetlang sandwice ngis

Pengeus faporics
Prnaeus vennamet
Prnaeus sty Brosiris
Penaecus monudon
Prageus schnitti

Chanos chanos
Mugil cephatus
(hctopus cvinea
Octopuy myva

Abudefduf abdominalis
Dascylus athisella
Forcipiger flavissimus
Centropyge polferi
Chaetodon miliari
Crassostrea virginica
Crassostrea gigas
Crassottreg spp,

Seylla serrate

Patinopecten vessoensis
Hinnites mulnrugosus

Polydactybus sex filis
Salmo gairdneri

Lobster
Tambalang

Limu or Ogo

Topminnow or Tahai
Brine Shiimp
Channel Catfish

Grass Camp

Bighead Carp

Silver Carp

Mud Carp

Tilapia

Hard Clam or Quahog
Japanese or Manila Clam

White Ecl ar i'nagr

Malaysan Prawn

Limpet ar RBlack Foot Opihi
Limpet or Yellow oot Opihi
Japanese Tiger Prawn

White Shrimp

Blue Shrimp

Giant Tiger Prawn

Blue Shrimp

Milkfish or 4wa

Grey mullet or A maz-ama
Bay Qcropus

Mexican Detopus

Sargent Maior or Maomao
Alo’ fiai’

Longnase Butterfly Fish

Potter's Angel Fish
Lemon Butterfly Fish

American Oyster
Pacific Oyster

Samoan Crab

Sea Scallop
Purple-hinge Rock Scallop

Threadfin or Mod
Rainbow Trout
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level of commercial culture. When the expense involved in this research is taken into
consideration—over $5.5 million in State, Federal, and private scctor monies—it is clear
that the development of aquaculture in the State did not benefit greatly from this
investment (Table 10). As the State’s financial resources for aquaculture development
are limited, it is essential that potential species be closely examined to identify only
those that will ultimately provide the greatest benefits to Hawaii for the least amount
of investment.

This section is divided into two parts. Part one presents a brief account of the
procedure whereby first, second and third priority species-zroups® were selected for
aquaculture development in Hawaii (Appendix C). Part two presents the individual
assessments for each group.

Species Selection

Potential aquaculture species for Hawaii were examined by a comprehensive
selection process. This process sorted the species into five different categories: (1) those
species that are presently commercially cultured, e.g., prawns, catfish and oysters;

(2) those species that are presently commercially cultured on the Mainland or in a
foreign country, e.g., trout, milkfish; (3) those species that are undergoing experimenta-
tion on the Mainland or in a foreign country, e.g., lobster, sea bass; and (5) those
species that were investigated in Hawaii, on the Mainland or in a foreign country, but
were found infeasible for aguaculture, e.g., octopus, pampano.

A total of 54 speciesgroups, each fitting one of the above categories, were identi-
fied (Hawaii Aquaculture Planning Program—Interim Report, 1977). Many of these
groups consisted of a single species. The Aquaculture Planning Program (APP) staff
reduced this number to the 20 species-groups and their member species listed in Table
11. These 20 species-groups were then numerically evaluated by a Species Subcommit-
tee and the APP staff using the criteria and tables shown in Appendix C. Unfortunate-
ly, comparisons among summations of individual numerical scores could not be
justified (Appendix C). However, examination of the individual scores for a particular
species group proved useful in further deliberations.

Assigning priorities to species-groups. The magnitude of individual scores for a
particular species-group, that is, the number of high scores and low scores, gave a good
indication of those areas where a favorable level of development had been attained or
where development had been constrained. To better highlight these points, the evalua-
tion tables were remarked with pluses (+) for the high scores, ie., 4's or 5's and
minuses (=) for the low scores, i.., I’s and 2’s (Table 12).

~ Utilizing the numerically scored evaluation tables and their accompanying criteria
in concert with the rescored tables discussed above, the planning staff formulated the
following list of priority species for development:

First priority: Aquatic Algae

Baitfish
Brine Shrimp

YFor ease of tabulation and discussion, general names, e.g., marine shimp, are used throughout
this report and all species in a group are collectively termed the “species-group.”
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Catfish o
Chinese Carps and Tilapia
Clams

Qysters

Freshwater Prawns

Marine Shrimp

Second priority;  Threadfin (Moi)
Mullet
Lirnpet (Opifi)

Third priority: American Lobster
- Eel

Milkfish
Octopus
Ornamental Fish
Samoan Crab
Scallop
Trout

The species-groups within each priority have several common characteristics. Those
considered “‘first priority™ generally have the fewest major biotechnical problems to
prevent commercial culture. They have all been cultured either on a pilot or commercial
scale in various parts of the world. In addition, they have established potential local
and world markets. Second priority species-groups are market favorites in Hawaii. How-
ever, they are mot as advanced on a biotechnical basis as the first priority species; that
is. there are some problems of varying difficulty 1o be solved before they are considered
economically viable. The third priority speciesgroups are animals which eijther have
major biotechnical problens requiring long-term research and/or major marketing
problems which impede their commercialization.

Species-groups and their members may be reevaluated pending results of future
research and/or changes in economic characteristics. For example, new markets may be
developed. changes may occur in the cost of various elements in the production
strategy (e.g., energy or feed). or competition may result from capture fisheries or
aquaculture production elsewhere. Furthermore, new aquaculture candidates not con-
sidered here may be discovered by the research community. It is essential, therefore,
that an active species evaluation process be maintained to insure a responsive and
dynamic State aquaculture development program.

Individual Species-group Assessments

The first and second priority species-groups, together with those lower priority
species which are either cultured or investigated in Bawaii, were subjected to further
individual analysis and assessment. Summaries are based on more detailed reports which
may be published at a later date as a technical series. As a matter of convenience,
certain species-groups are combined and discussed under one assessment heading [for
example, the filter-fefgderS, oysters and clams, are presented together as are various
marine species including brine shrimp, threadfin (moi), mullet, mitkfish, and limpet
(opihi), which are grouped under the heading “Marine Finfish and Other Miscellaneous
Marine Species™ .

Subjects presented under the individual species-group assessments include: (1) the
state-of-the-art of culture; (2) the market characteristics and opportunities; (3) the
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major constraints and recommended actions for development; and (4) the Projected
production, employment and revenue from their culture and-sale. Subheadings ung
each subject listed above were modified to fit the speciesgroup being discusseqd er

Aquatic Algae
State-of-the-Art for Culture

Species. Aquatic algae are among the most diverse members of the plant kingdom
(Naylor, 1976; Neish, 1976). They occur in a wide range of shapes and sizes, from
microscopic single-celled species, such as Spirufing, to the giant kelp, Macrocystis. which
can reach a length of 140 feet (43 meters). Algae are classified into four groups on
the basis of pigmentation: greens (Chlorophyceae), blue-greens {Cyanophyceae), reds
{Rhadophyceae) and browns (Phaeophyceae). Green and blue-green algae, while present
in saltwater, are more commonly associated with freshwater. Red and brown algae,
which are the most economically important, are found almost exclusively in marine
environments. Browns are particularly abundant in cold northern waters, although a few
species are found in the tropics. Red are numerous at all latitudes.

Genera being considered for Hawaii include Spirulina (blue-green), Eucheuma (red),
Chrondrus (red), Gracilaria (red), Sargassum (brown) and Macrocystis (brown). Research
and commercial development activities for algae have been in progress for some time
and have resulted in a large body of technical literature in such areas as biology, ecol-
ogv, engineering, production economics, processing, marketing and transportation.

Management systems: extensive to intensive. The cultivation of aquatic algae.
mostly marine macroalgae—involves techniques which can be as simple as the close
management of natural stocks or as complex as the propagation of selected clones and
genetically selected hatchery seed stock in capital-intensive cultivation situations (Neish,
1976}

Management and husbandry of natural stocks are practiced with most intensively-
harvested algal populations throughout the world. Efforts to regulate the giant kelp
(Macrocystis), harvest are particularly notable since harvestable stocks, which virtually
disappeared in California coastal waters in the late fiftics, are now being actively
exploited. Techniques used to harvest natural populations include collecting storm-
damaged weed from the beach (castweed), using rakes or grapnels from boats, and using
a mechanized barge-like mowing machine (Naylor, 1976). Hawaii has few areas suitable
for planting and actively managing extensive wild populations of seaweeds. However,
onc species, Gracilaria {ogo), is harvested from a few reef flats and bays (e.g., Kaneohe
Bay). '

red and brown sea-
chniques. Tech-
the wild or reared

The Japanese are among the world leaders in the cultivation of
weeds in shallow coastat waters using various habitat improvement te
niques vary with the species, but, generally, sced alga collected from .
in a hatchery are attached to a system of nets, lines, stakes, etc., in areas which are
subject to pood tidal circulation so that nutrients can be supplied by the natural environ-
ment. Yields for certain species of Laminaria average 2,150 wet weight pounds pe_rl(zji:re
annuatly (1,914 kilograms/hectare/yr ). For Porphyra, from which nori is made, sleh
are approximately 700 dry weight pounds per acre per year (623 kg/hafyr) (Bardac
et al., 1972). Harvesting is usually carried out hand.
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Eucheurna and Spirutina, two types of algae that have been
commercially grown ocutside the State, are now being studied for
possible large-scale production in Hawaii. Euvcheuma is an important
source of carrageenan, which is widely used in the dairy industry.
Utilizing livestock waste as fertilizer, Spiru/ing tarmers may be able
to produce high protein feed for agricultural and aquacultural
animals.

This E ucheuma was grown in trenches by these Marine Option Program students,
fCourtasy of Windward Community Coflege and UH Dept of Botany.}

Resgarchher oxsmines dense cuiture of Spirulina in madia prepared from treated
cArtie manure
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Eucheumna cultivation in the Philippines is similar to Japanese seaweed (arming with
algae seed branches attached to 2 rectangular grid system of ropes (Doty, 1975). When
the plants reach 2.6 to 3.3 pounds (1.2 to 1.5 kg) in wet weight, they are pruncd to
1.1 pound (0.5 kg) and the process continues. Current labor-intensive methods yield
approximately 19,600 pounds per acre {17,444 kg/ha) of wet weight algae every 90
days. From this, about 5,000 pounds (2,268 kg) of dry salable product is recovered
{Deveau and Castle, 1976). Again, areas in Hawaii where these technigues could be
practiced on a commercial scale are few, and natural nutrient concentrations are not
generally adequate- except in certain areas where point and non-point source discharges
elevate the ambient level to adequately support culture.

The cultivation of seaweeds in deep water, offshore areas is being carried out in
California on a pilot scale. The results of this project may someday be applied to large
scale marine plantations consisting of algae attached to rope grids (North et al., 1977).
Nutrients are provided by both the natural and artificial (ocean thermal energy con-
version) up-welling of deep ocean water. Some futuristic design applicable to open-
ocean farming have been suggested (Beleau et al, 1975), and reports on the theoretical
and economic feasibility of such farms for Hawaiian ocean waters have been recently
published (Keller and Murata, 1977}, but at present, offshore or open-ocean marine
plantations appear to be cost-prohibitive and technologicalty difficult.

Another futuristic approach to the mass culture of freshwater and saltwater algae
involves the mass rearing of micro- and unattached macroalgae in tanks or raceways
(Huguenin, 1976; Deveau and Castle, 1976; Goldman and Ryther, 1977). This concept,
which is being tested in such places as the United States, Mexico, and Japan, is capital-
and technology-intensive. The basic cultivation system employs a square tank, or a
raceway with a slanted bottom. The water, agitated by bubbiing air into the deepest
part of the container, establishes a strong circulation pattern which keeps the densely-
packaged algae in suspension and assures all plants sufficient sunlight and nutrients.
Nutrients from domestic or animal wastes could be utilized in this system.

Macroalgae which can be grown in intensive culture on a laboratory scale include
Euchewna isoforme, Gracilaria spp., Chrondrus crispus, and others. Projected yields from
a commercial-scale system raising any one of the above alga on 25 acres (10 ha) would
be approximately 2,200 dry tons per acre per year (979 mt/hafyr) or 90 dry tons per
acre per year (40 mt/ha/yr). According to one scientist, “Assumed system performance
parameters have been based on what are considered to be optimistic but reasonable
projections. This system is intended to represent the state-of-the-art as it might realisti- -
cally be expected to exist about $-10 years from new’ (Huguenin, 1976}

In Hawaii, one operation is attempting to grow Gracilaria and Eucheuma in dis-
charge waters from an intensive oyster culture system. The Kahuku Seafood Plantation
hopes to cleanse the seawater of oyster metabolites, while providing a salable product.
Due to the paucity of available coastal sites, such land-based systems will probably be
necessary for seaweed aquaculture to become a commercial reality in Hawaii.

The intensive commercial culture of single-celled freshwater algae, particularly
Chfore!ia spp. and Spirulina spp., is practiced in similar fashion in macroalgae cultivation
in various places around the world with productivity averaging 360 tons per acre per
year (160 mt/ha/yr) (Ryther et al, 1972). Under suitable conditions, these algae may
be comprised of as much as 50 to 60 percent protein (Naylor, 1976). Although Chiorelia
has possibilities as a food supplement (e.g., when mixed with flour), there remain the
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questions of poor digestibility and palatability {Naylor, 1976). Chlorelia is cultured

extensively in Japan and Taiwan.

Spiruting is being cultured in Mexico on a 25-aere (10 hua) pik_;t plunt which
reportedly produces one ton (.91 mt) of fresh welght algae per day tO_sw_aId and ‘
Brenemann, 1977). The State of Hawaii i3 supporpng a smal]-sca_]e preliminary feasi-
bility study to investigate the potential for Sp:m(ﬁr:;a cultulrc. ‘Thls study _has 50 far
indicated that, by utilizing livestock waste as fertilizer. S;.nm!m?* plroduction could be
between 25 and 35 wet tons per acre per year (11 and 16 mt/hafyr).

Market Characteristics and Opportunities

The uses of algae can be grouped into three overlapping areds: _(1') di]'{_?(.:t human
consumption, (2) industrial additives, and (3) other purposes, lqc]udlpg ferflllzer, feads,
waste recovery and the manufacture of energy. After a brief discussion of the general
supply and demand situation for all forms, each use category will be discussed

separately.

General supply and demand. Although precise figures are difficult to obtain. the
total value of the world scaweed crop and its related industries is estimated to be
between $1 billion (Navlor, §976) and $20 billion (Saito, 1976) annually. In 1973, the
“first-hand value” of the world seaweed crop was approximately $765 million for approxi-
mately 1.17 million wet tons (1.06 miilion mt) (Nayler. 1976). Approximately 95 per-
cent of this value was obtained from the sale of semiprocessed (e.g., dried. powdered,
etc.), edible products in Japan, Korea and Taiwan. Seaweeds for industrial purposes
(e.g., food additives) are generally sold in a simple dried and unprocessed state and
account for the greater part of the balance (325 million). Algae used in animal feeds
and fertilizers make up the remainder-a mere fraction of the value of edible seaweed.

Direct human censumption. The mujor world markets for edible seaweeds are
located in Japan, Korea and Taiwan. as tfastes and trzditions in these countries have
contributed to the development of a dictary preference for seaweeds. Seaweeds of
greatest economic impoertance are Porplivea, Undaria. and Laminaria. There have been a
few attempts at introducing marine algal products to the western world (e.g.. seaweed
soups), but these have met with limited success.

Seaweeds can be consumed in a wide variety of product forms. Porphiyra (commonly
known as nori) is used in soups. sauces, salads, and sandwiches. and as a condiment.
Nori cultivation accounts for over 40 percent of the volume. and 56 percent of the
value of the total aquaculture praduction of Japan (Navlor, 1976¢). Laeminaria and
Undaria (wakame) are used in soups, sauces, salads, teas, garnishes. veectable dishes,
coated candy. and pills as a source of Vitamin C. )

To date, there are no commercial aquaculture enterprises culturing algae for the
Hawaii market. However. several species of edible algae are collected and consumed in
significant quantities. Fresh Gracilaria or ogo 18 harvested from the wild and retails in
local _supermarkets for $1.30 to $1.80 a pound (82.87 to $3.97/kg). Ogo is used as an
appetizer, salad or snack, and vegetahle side dish, atone or in combination with rice or
raw fish. One preliminary market analysis indicates that there is sufficient locat demand

to utilize an additional 316.000 pounds (143.338 . peca ed
Porphyra is imported from the Far East. , ke) per year. Processed and packag
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Industrial additives. Industrial use of seaweed extracts (marine colloids) is the
fastest developing area of the algae industry today. Seaweed extractsi of economic impor-
tance are agars. carrageenans, furcellarans and algins, Extracts are being utilized in an
ever-increasing array of processes and food and non-food products including milk, ice
cream, dressings, soups, beverages (beer), leather manufacturing, photoegraphic chemicals,
pharmaceulicals, cosmetics, textiles, paper products, rubber explosives, and paints
(Naylor, 1976). Although each type of gel possesses unique characteristics, they all
basically function to stabilize, suspend, emulsify or thicken.

The total world production of marine colloids in 1974 was 32,700 tons (29,685
metric tons) worth approximately 3300 million (Nayior, 1976). This was comprised of
(1) agar, 7,500 tons (6,808 metric tons) at $86.25 million; (2) carrageenan, 8,000 tons
(7.262 mt} at $93.6 million; (3) furcellaran, 1,200 tons (1,089 mt) at $42.96 million and
algin, 16,000 tons (14,525 mt) at 380 million. A conservativc estimate places the annual
growth rate of this industry at 10 to 20 percent with the wholesale value of the U.S.
gel market alone totaling between $68 and $100 million per year (Doty, 1978). The
principal consumers and processors of algae and its derivatives are the U.S., Canada,
Japan and Europe.

Extensive wild populations do not exist in Hawaii but the State has several
indigenous and exotic species of algae that may prove valuable for colloids, and aqua-
culture appears to be a means of exploiting these species. Valuable species include
Gracilaria spp.. Chondrus spp. and Fucheuma spp. Both Chrondrus and Eucheuma
produce carrageenans which are marketed in two biochemically distinct forms: I0TA and
KAPPA. IOTA carrugeenan has 2 high world demand and may sell for as much as
$1,000 per dry ton ($1,100 per day metric ton) wholesale. Researchers at the Univer-
sity of Hawaii are responsible for the rapid development of Fucheuma farming in the
Philippines (Deveau and Castle, 1976). They suggest that opportunities exist for the
commercial culture and processing of Fucheuma in Hawaii. The State can function both
as a source of farmed algae and a location for processing colloids for the Pacific.

By-product production and other purposes. The production of marine and fresh-
water algae can be a subsystem of some other form of technology directed at problems
other than the cultivation of food for direct human consumption and marine colloid
preduction (Neish, 1976: Naylor, 1976). Several immediate needs in Hawaii (and other
parts of the world) to which algae culture can contribute are: (1) low-cost feed
production for livestock: (2) the recovery of waste nutrients from human and animal
wastes through conversion into a salable product; (3) the recovery of waste water from
industrial, agricultural or aquacultural operations while producing 4 salable product; and
(4) the production of a less expensive form of energy through the culture of biornass
for fuel. Each of these will be discussed below.

Hawaii is almost completely dependent on the Mainland United States for
agricultural and aqguacultural animal feed ingredients. The increasing demand for high-
protein animal feeds, together with rising shipping charpes due to increasing petroleum
costs, will no doubt escalate the cost of feeds. The technical feasibility of r:ulturipg
such single-celled algae as the bluegreen alga, Spirulina spp.. using domestic or animal
wastes as fertilizer and the subsequent use of the algae as a food supplement for cattle,
chickens and catfish, has been demonstrated {Dugan et al., 1972). Spirulina is presently
being cultivated on a 25-acre (10 ha) pilot facility in Mexico with crops sold_ _to .fapan
for $11 per pound ($24.25/kg). Opportunities exist for demonstrating the utilization
of Spirufina as an animal feed under Hawaii conditions. Chorella spp., another single-
celled freshwater algae, is also cultured as fish feed in Japan. in 1976, 350 tons (318
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mt) of this algae were grown. Taiwan reportedly produces 800 tons (726 mt) per year,
mostly for human consumption {Tsukada and Kawahara, 1977).

Cultivation of salable zlgae from domestic or animal waste recovery systems could
aid Hawaii by solving several immediate environmental problems. For example, manure
production at the State’s major feedlot is approximately 15,000 ton‘s (1_3,01? mit) per
year. State environmental protection laws which prohibit disposal of animal wastes in
the marine coastal ecosystem, together with the low local demand for cattie manure as
organic fertilizer, have resulted in stockpiling between 150,000 and 200,000 tons .
{136,170 and 181,560 mt) of cattle manure at Campbell Industrial Park, Oahu (I_VlwhaeI
Santerre, personal communication, 1978). The use of this Manure as an inexpensive ‘
source of nutrients for algae production is one method of relieving the problem, while
reducing the social costs of waste treatment.

Hawaii needs to develop means of conserving and reusing its limited water resources
(Hawaii Water Resources Plan, 1977). Aquatic algae culture systems have been used to
reduce the quantity of nutrients and other pollutants from domestic and agricultural
waste waters. Opportunities exist for the application of these principles in Hawaii.

Hawaii’s dependence on imported oil for energy has caused the State to investigate
locally available aiternate energy sources (Hawaii Natura) Energy Institute and Depart-
ment of Planning and Economic Development, 1975, 1976: Keller and Murata, 1977).
The large scale cultivation of seaweed biomass on marine plantations and the intensive
culture of oil rich single-cell marine alga are two technologies witich may have the
potential to contribute to State energy self-sufficiency Ly providing a material for use
in methane or alcohol generation. Presently, laboratory and pilot-scale demonstrations
of key biological and enginecring concepts are needed before commercialization can be
considered. State and private research groups have the opportunity to participate in
Federal- and State-funded programs in the area of alternate ENErgy sources.

Major Constraints and Recommended Actions

Markets for algae, both for human consumption and colloids, are substantial and,
for the maost part, unfilled, Moreover, Hawaii possesses an abundance of sunlight and
warm water-excellent resources for aquatic algae production. However, the commercial-
ization of algal culture is constrained by a lack of inexpensive nutrients and adequate
technology. Inasmuch as there are significant differences between the extensive or ranch-
type culture versus the intensive, land-based culture, constraints and recommendations
will be presented by the type of culture or management system,

There appear to be serious constraints to the near-term, extensive, nearshore or
open-ocean culture of manne algae. Although Hawaii's surrounding waters are warm
and otherwise near-ideal for the culture of various algal species, they, nonetheless, have
low nutrient concentrations, Moreover, the addition of nutrients to an open, uncon-
trollable environment is considered both economically and technically infeasible. At
present, there may be 3 few nearshore locations which possess sufficient nutrient con-
centrations from land outfalls and/or land runoffs to permit algac culture, However,
with the promuilgation and enforcement of water quality regulations, these conditions
are not expected to persist. It is, therefore, recommended that extensive, nearshore or
open-ocean algal culture not be encouraged at this time.

' It would appear, then, that the major opportunities for marine agronomy He in
semi-intensive and intensive, land-based culture systems with the capability of controlling
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Cultured aguatic algas
have a wide variety of
uses—for human con-
sumption, fertifizers,
industrial additives,
nutrient recovery,
biomass energy, waste
water reclamation and
animal feeds,

il TR
The Chiorella cultirred in these tanks at the
Oceanic institute will be used fFor feeding Fish.

Gracilaria, or ogo.
{Conirtesy of Windward Community

Coliege gnd UH Dept. of Botany.)

Of-shore seavweed expariments’ lirnu snd “c:p:
are artached to a et suspended be rwni .
stakes (Courtesy of Windward Community

College and UH Dept of Batarty.)
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nutrient concentrations. This would include a broad range of phvsical settings, trom
existing Hawaijian fishponds to intensive, above-ground culture systems, as well as poly-
culture with fish and shellfish.

The constraints to commercialization are essentially technological and economic.
Efforts should, therefore, concentrate on demonstrating the feasibility of systems for
the culture and harvest of economically important indigenous and introduced species.
Gracilaria appears to be an excellent initial candidate due to its value both as a fresh
food product (ogo} with a considerable local demand and as a source of commercially
valuable colloids. Legal/institutional constraints (discussed in Section C of this Chapter)
must also be removed.

Economic Projections

The previous sections concluded that the development of algal culture will
probably be limited to shore-based or land-based activities by virtue of the limited
number of embayments and pretected waters, and lack of nutrients in Hawaii's sur-
rounding waters. The projections reflected in Table 13 below are based on the estab-
lishment of the shored-based culture of macroalgae. such as Gracilaria spp. (0go).
Initially, it is envisioned that Graciluria would be cultured for human consumption,
with possible processing for colloids after production increases.

Table 13. Projected Production, Employment and Revenues from the Culture
of Aquatic Algae for Colleids and Food in Hawaii: 1978 to 2000

Production Employment Wholesale

Year Yield Direct Indirect Total Revenues
(1000 Ibs.)’ Acres® Jobs* Jobs® Jobs (1000sof 1978 §F

19786 _ . — —
19807 100 5 i 2 3 3 35
1985 5,500 275 14 24 38 1925
1990 25,000 1,250 &3 189 252 8,750
1993 50,000 2,500 125 375 300 17.500
2000 100,000 5,000 250 750 1,000 35,000
Assumptions:

" Gracilaria spp. (0gn) initially cultured for human consumption. However. major opportunities lie in
algae for colloids. Praduction yields estimated at 20 900 pounds (0% dry weight) per acre per year.

? Represents surface acres of impounded water. Farm size will be considerably larger,

* Approximately one direct job per 20 acres.

* Approximately 1.7 indirect jubs per direct job untit processing begins in 1990, Theteafter, 3.0
indirect jobs per direct jab,

* Wholesale value of $0.35 per pound.

¢ Performance evaluation tests in process. No production.

* Development program in process with first commercial demanstration,

! Production originating mainly from 270-acre airport reef runway pond. Construction of processing
plant begins.

* Processing plant in full operation.
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Baitfish
State-of-the-art for Culture

Species. Topminnows (Poecilia spp. } are a specics which possess many of the
biological and behavioral characteristics necessary for use as a baitfish for skipjack tuna
{aki). The topminnow is a member of the family Poeliliidae which include fish vari-
ously described as mosquito fish, guppies, mollies and live bearers. They are omnivorous
{feed on plants and animals), extremcly hardy, and reproduce in waters ranging from l
fresh to salt water. Topminnows exhibit the ideal behavioral characterstics of a tuna
baitfish, i.e., marked avoidance of predators (rapid, erratic swimming) and a tendency
to school at or near the surface.

Hatchery and growout technology. Research into the biology and biotechnology of
culturing topminnows has advanced to the development of pilot-scale facilities. However,
until recently, investigations ot fishing techniques utilizing topminnows have been
limited due to insutficient supplics of {ish for sea trials,

Research into culturing topminnows was initiated in 1970 at the University of
Hawaii’s Hawaii Institute of Marine Biology (HIMB). Studies focused on the identifica-
tion of the optimum environment for intensive culture, maintenance and harvesting tech-
niques and systems for broodstock and young, methods of rearing juveniles to baitfish
size, feed development, discase prophylaxis and treatment and the economics of
commercial-scale systems (Corbin, 1976).

Under controlled conditions, brood size averages 50 young every 28 to 30 days at
water temperatures between 77 and 86°F (25 and 10°C) (Herrick and Baldwin, 1975).
Newborn topminnows-approximately 4 inch (1 cm) in length—require 10 to 12 weeks
o attain the desired 1.5 to 2.2 inches (3.8 to 5.7 c¢m) baitfish size. Optimum fempera-
tures Tor reproduction and growth are between 32 and 86°F (28 and 30°C), with
optimum salinity between 10 and 50 percent. Growout ponds are stocked at five per
gallon (1 to 3 fish/1). Fish are fed a mixture of commercial chicken starter mash and
tuna mual.

The results of these studies and others undertaken in American Samoa and Palau
have provided the basic scientific daty and cxperience for an attempted tfull-scale demon-
stration facility near Maalaea, Maui. The project is a cooperative effort between Maui
County, Office of the Marine Affairs Coordinator, Agquaculture Development Program,
UH/HIMB and the UH/Sea Grant College Program. The facility, which started production
on September 1, 1977, will produce 15,000 pounds (6,804 kg) of lopminnows to
conduct 50 fishing trials using two Mauj-based whu vessels (see Appendix D}- These
irials will be analyzed to provide a detailed economic analysis of the species ‘!“de‘ )
Hawaii aku fishing conditions. Preliminary topminnow culture and sea testing 1n Ameri-
can Samoa (1974 and 1978) have given fuvorable results. A more critically CO““ou‘*d
test wili present numerous opportunities for identifying and testing other areas of mves-
tigation; e.g., transporting and holding topminnows, baitwell designs, modifications 1
fishing methods and gear.

Market Characteristics and Opportunities

he suhstantial louat
ts, as well as a
ecies comprise

Supply and demand. Demand for baitfish is derived from 1
demand for skipjack tuna to satisfy the local fresh and dry fish marke
portion of the requirements of the State’s only canmery. Three tunz &P
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A serious problem restricting the expansion of Hawaii's skipjack
tuna fishery is an adequate supply of a hardy, effective baitfish.
The mass culture of topminnows can provide a solution to this constraint.

This ¥ 1.5acre facility at
Mazizoe, Maui, is capable
of prodicing 9 tons of
baitfish & year. (Courtesy
of Wayne Baidwin,}

The topminnow: Paecilia vittata,

A dependabie supply of baitfishis vital to
the success of these pole-and-iine skipfack
tuna fishermen. (Courtesy of National
Marine Fisharies Services.)




approximately 80 percent of the commercial fish catch in Hawaii, In {97g, skipjack
tuna (eku) accounted for approximately 64 percent of the total catch, while yellowfin
and bigeye (ahi) tallied 12 percent and three percent, respectively.

The Hawaii-based aku fleet of 14 boats focuses on the fresh fish market, with annual
sales currently approaching 4.5 million pounds (2,041,200 kg) (Hawaii Tuna Fishery Develop-
ment Plan, 1977). Fish in excess of the daily demand in the fresh and dried fish market are
sold to the local cannery, Hawaiian Tuna Packers, which is a part of the Bumble Bee Seafoods
operation of Castle & Cooke, fnc. Only 20-25 percent of the cannery’s needs are
supplied by the local fleet. The remainder is imported from foreign countries or is off-
loaded from American purse seiners fishing between Central America and Hawaii (Hawaii
Tuna Fishery Development Plan, 1977).

Landings of the local skipjack fleet have historically ranged between 5 and 16
million pounds (2,268,000 and 7,257,600 kg) (1965 to the present}), In 1977, the value
was 7.8 million pounds (3.5 million kg), down from 9.8 million pounds (4.4 million kg)
in 1976. The amount of bait utilized varies from year to year. For example, in 1955, approxi-
mately 600,000 pounds (272,160 kg) of bait was used to catch 9.7 million pounds (4,399,920
kg) of aku, while in 1965, approximately 400,000 pounds (181,440 kg) was needed to catch
16 million pounds (7,257,600 kg) {(Hawaii Tuna Fishery Development Plan, 1977).

The objective of the State’s skipjack tuna plan is to encourage the continuation of
a tuna cannery industry in Hawaii by increasing the supply of locally-landed tuna by
an additional five million pounds (2,268,000 kg) within five years (Hawaii Tuna Fishery
Development Plan, 1977). The estimated maximum local market potential for top-
minnows, assuming a total catch of 20 million pounds (9,072,000 kg) and a catch ratio
of 20:1 (pounds of tuna to pounds of bait) would be approximately one million pounds
(453,600 kg) a vear at the end of five years. Although these figures may be optimistic,
they serve to illustrate the fact that the expansion of the tuna industry in Hawaii will
require a substantial increase in supplies of a suitable bait. Moreover, the possibility of
selling bait to foreign vessels, €.8.. Japanese, and exporting the culture technology to
other locations around the Pacific, also exists.

Expansion of the tuna fishery. Frozen and canned tuna are international trade
commodities and, therefore, their demand is not limited by the “‘pocket nature” of the
local tuna market. The worldwide consumption of tuna is rising rapidly at the rate of
eight percent per year, and many of the world’s tuna fisheries are fully exploited (Saila
and Norton, 1974). However, large underexploited resources of skipjack tuna have been
identified in the central Pacific Ocean (Hawaii Tuna Fishery Development Plan, 1977).

Fishery biologists estimate that the skipjack fishery in the Centrat Pacific can }Je
expanded o a minimum annual sustainable yield of 100,000 metric tons, repﬂ_tsentms _
an ex-vessel cannery price of $75,000,000 (1976 dollars). This potential yield is approxi-
mately 20 times larger than the size of the current Hawaiian skipjack fishery. Hawaii's
strategic mid-Pacific location places the State in a highly favorable position 1o capitalize
on this large resource.

However, before development can take place, a number of problems need to be
solved. The most serious of these concerns the traditional livebait, the nehu (Srolephoms
purpureus). Existing resources of nehu are not adequate to support a 1arge expansion of
a Hawaii-based livebait skipjack fishety. Therefore, another suitable livebatt, or appro-
priate alternatives to using the tivebait technique, must be found.
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. tivebait. Livebait tuna fishing, of “pole-and-line” fishing, is used to
Mu;:::‘;hl;:;:agf lL:na, e.g., skipjack. Livcbait, primarily the n{ehrf is captured _in
cateh S0 bayments and stored in recirculating baitwells aboard the fishing boats. Bait-
coastal im ::cmunts for as much as 40 percent of the total fishing time. Moreover,
ﬁs: . u::ragile and shipboard mortality is often as high as 25 percent a day (He_rrick
ner al;; in, 1975). These factors limit the effective fishing range of the local skipjack
and B ioe f tess. than two days, or a range of about 90 miles. In addition, nehu

ips © o
et b0 e und in only a few embayments around Qahu, ¢.g., Kancohe Bay, Kihei

can now be fo
Lagoon and Pearl Harbor.

Topminnows Cdn be cultured in large guantities for an estimated $0.91 per pound
($2.01 /kg) (Baldwin, 1977, unpublished data). Increases n fuel and labor‘costs may
cause this estimate to be higher, but it appears tha't topminnows are a prime candi_date
to supplement and supplant more traditional livebaits, e.g., anchovies (nehy, etc), in

Hawaii and around the Pacific.

Other uses. Topminnows can also be used as 4 recreational bait and a commercial
bottom fishing bait. Recreational fishing is an industry of approximately equal value to
the commercial fishing industry (Hoffman and Yamauchi, 1973). Preliminary tests indi-
cate that topminnows <an be used to catch such species as ladyfish {awa), jacks {papio)
and various bottom fish {i.¢., opakapaka). Commercial bottom fishermen could use top-
minnows ta catch certain economically important species. Potential future trends in
the exploitation of the Northwestern Hawaiian Islands may provide a substantial bait

market. Opportunities in both these areas appear promising, but some market promotion
activities may be necessary.

Major Constraints and Recommended Actions

Demonstration. The lack of a conclusive local demonstration of the ability of
topminnows to catch skipjack tuna as effectively as traditional baitfish has deterrcd its
acceptance. Local fishermen are hesitant about using a new species of baitfish which
may require different types of holding facilities or new methods of fishing. New tech-
niques may interrupt their fishing schedules until they are adequately learned. State-
supported, scientifically-conducted sea trials using topminnows should be carried out to
test the catchability of this bait as compared to the traditional bait (xzefre). Informed
suggestions on changes in fishing methods or equipment can then be made to skipiack
fishermen.

Pending the results of the Maui trial project, a permanent baitfish facility is
tentatively planned for the Island of Molokai. This facility, to be funded by the Pacific
Tuna Development Foundation and the Economic Development Administration, would
be capable of producing 180,000 pounds (81,650 kg) of topminnows a year. Its
purpose would be to provide bait for longrange tuna vessels from Hawaii, California
and, perhaps, foreign countries, so that they will be able to fish the unexploited schools
of skipjack tuna in the Central Pacific, particularly around the Northwestern Hawaiian

Islands. Initial phases of the project would test the feasibility of long-range tuna fishing
trips using Hawaii-grown tepminnows.

relat et}h::)(ettll\e.rze devel?pment and expansion of the tuna baitfish market is directly
Pacific. In addit?mi 0 hexi)aansmn of the sklpjaclg tuna 1n-dustry in Hawaii and the
topmir;nows cou;::ln 1;3 tl : ck of supply of a suitable .balt—--“{hlch the_ aquaculture of
st bo atee allevia e—severAal’ other major constraints e?ust. Qu‘:ihﬁed fishermen
acted to work on skipjack tuna boats and sufficient capital must be
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provided 1o build new shore facilities and longer range boats. Presently, several State,
Federal and Pacific Island agencies are involved in major fisheries development activities,
including the formulation of a fisheries development plan.

Such aquaculture activities as baitfish production that contribute to the develop-
ment of State fisheries should be encouraged. In addition, the transfer of technology to
other areas of the Pacific lacking such expertise should be stressed.

Economic Projections

There appears to be considerable baitfish market opportunities in such other areas
as sport fishing and long-line baitfish fishing. However, the following projections are
based solely on the anticipated expansion of the skipjack tuna fishery to the year 1995,
Thereafter, it is assumed that the aforementioned uses will grow in significance. There-
fore, nearly all of the assumptions listed are taken directly from the Hawaii Tuna
Fishery Development Plan, 1977.

Table 14. Projected Production, Employment and Revenue from the Culture
of Baitfish (Topminnow) in Hawaii: 1978 1o 2000

Production Employment Wholesale
Year Yield Direct Indirect Total Revenues
(1000 Ibs.)' Acres? Jobs? Jobs* Jobs (1000s of 1978 3§
1078 15 3 1 7 8 } 14
19807 56 10 2 13 15 46
19858 500 100 20 134 154 455
1990 800 160 32 214 246 728
19951 900 180 36 241 277 Bi9
20000 1.000 200 40 268 308 910

Assumptions:
' Production yields estimated at 5,000 pounds/acre/yeat.
3 Represents surface acres of impounded water. Farm size is considerably larger.
3 Approximately one direct job per 5 acres.
* Approximately 6.7 indirect jobs per direct job (bascd on 10-man crew per vessel per year of 50,000
pounds of bait which represents 5.1 indirect fishing jobs plus 1.7 others).
s Boat price estimated at $.91 per pound.
® Local sea trials using two boats.
" Figst extended sea trials and ¢ new tuna boat.
8 Total of 7 new tuna bhoats.
* Total of 15 new tuna boats.
1 ncludes 100,000 pounds vsed ather than by skipjack 1una boats.
1 ncludes 200,000 pounds used other than by skipjack tuna boats.
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Cutfish
State-of-the-art for Culture

Species. The channel catlish, fesaltrs punctatus, is the species of catfish of commercial
importance in the Mainland United States. Biologicat information and effective techniques
for spawning, hatching, and raising channel catfish are well known. Reseuarch and com-
mercial development of channel catfish began in 1961 in the southeastern United States.
Since 1966, the number of acres of cultured catfish has increased from 400 to over
56000 (160 to 22,700 ha), with production centered primarily in the Tennessee
Valley States. Federally-sponsored research and extension/advisory services have been
essential to this expansion through the compilation and dissemination of aqualarming
information.

Another species of catfish, the Astan walking cattish. Clarins sppr., has recently
been tested for commercial feasibility in Hawaii by one private firm. Inasmuch as the
outcome of these feasibility tests is not certain, and the market for this species has not
yet been determined (but is suspected of being limited to local residents familiar with
the product in Asia), Clarius spp. will not be assessed at this time.

Controlled reproduction. Three techniques are practiced in the U.S.: pond spawning,
pen spawning and aguarium spawning using lormone injections. Broodstock are gener-
alty three or more years old and within a weight range of 2 o 10 pounds (1 to 4.5
kg) (Bardach et al., 1972} Mules and females of similar size are paired only when the
female is ready to spawn, otherwise fighting occurs. The time of the vear for spawning
is dependent on temperature and photoperiod {length of the duy), Water temperatures
of 80°F (27°C) are optimum.

in Hawaii, catfish reportedly do not spuwn readily in ponds wrder ambient light
and temperature conditions. However. occusional spawning has been observed in hiaher
elevation ponds such as Nuuanu Reservoir. Environmental manipulation with hormone
injections appears to be a viable alternative. The eggs. which females deposit on zn
available substrate, tukes five to 10 days to hatch

Hatchery technology. A wide variety of artificial hatching systems can be used,
Once hatched, fry are usually reared in o separate facility prior to stocking in growout
ponds. On the Mainland, the fingerling size most preferred for pond stocking is five to
six inches (13 to 15 cm) in total length.

Growout technology. Essentially. three techmigues for growout to market size are
used on the Mainland: culture in ponds, cages or racewuys. Pond and cage culture
have been demonstrated to be economically feasible. Few commercially viable raceway
operations exist today. The high technology of such systems has not yet been proven
economical when compared to low technology systems.

Commercial pond production of catfish in Hawaii began on Maui in 1974. In
1977, this operation had 16 acres (6.5 ha) of ponds ranging in size from one-half to
four acres 1.2 to 1.6 ha). Yields of 7,000 pounds per acre per year (6,200 kg/ha/yr)
have been achieved in this system, This figure, which is morc than four times the
1,600 pounds per acre per year {1400 kgfha/yr) average observed on the Mainland
(Brown, 1977), can be attributed to Hawaii’s higher temperatures and year-round grow-

ing season.
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Catfish farming is ons
of this country’s maost
successful aquaculturg
industries. A relatively
small number of catfish
have been raised in
!‘iawaii, but this supply
1 éxpected to greatly
Incresse in the next
faw years.

These Hawaii catfish, prown from finger.
iings imparted fram the Mainiand, are
headed for focal restaurants.

(Courtesy of AFRC.)
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. ; ration at
Yields of 7,000 pounds cer acre per year have been achieved from this 1 5-acre 0PE
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i i1 at & : 50,15 euch, are

- ; rchased from California at a cosi of $0.05 to SO'-.- ach,
. ',”‘g”",‘"ﬁilaﬁ?y of between 8,000 and 10,000 fish per acre (19.768 and 24.710/ha).

stocked at a ilability of fingerlings fluctuates considerably. there has becn a

.y (i . and avil _ . A
Bu.:(u:c.le dtlht;fcﬁ;iia] interest in devising methods for controlled reproduction of catfish in
great de:

the State {Corbin, 1976}
Market Characteristics and Opportunities

emand. The United States market for catfish in 1976 was estimated
1o h;Sl;E»I:I}]( ?:ﬁ[ign pounds (61,281,000 kg) from §6,000 acres (22,700 ha) with a
value of $48.3 million. In Hawaii, the present cost of raising catfish is high. Conse-
quently, Istand catfish cannot compele m price with Muainland catfish,

Catfish have been vultured in Kihei, Maui. since 1974, First year pm_duclion was
approximately 100,000 pounds (45,360 kg), but in 1975 and 1976, this figure dropped
to 40,000 and 30,000 pounds (18,140 and 13,610 kg), respectively, bCCZjl.J.SC' of ur_lforc.
seen production problems. However, production is being _rc_c;tablished This inconsisiency
of supply has severely restricted market development activities, vet the :InarkcF appears
to be rapidly expanding. Total catfish consumption in Hawaii in 1976, including local
production and foreign and domestic imports, was 52,000 pounds (23,590 ng), but the
present demand may be around 600,000 pounds {272.160 kg) per year (Fish Farms
Hawaii, 1476

Product forms. Foreign and domestic catfish imports are usually sold in the form
of trozen fillets or steaks. Local catfish are marketed mainly in filleted and whole
forms. Most catfish marketed whole are locally grown and sold live @t the pond bank
1o finul customers. However, some whole, dressed (eviscerated) fish arc imperted from
the Philippines. About 95 percent of the production of the Maui operation is filleted
infe portions between two to six ounces (37 to 170 g) and distributed to restaurunts
through o wholesaler. These restaurants list the fish as a “Hawaiian™ product on their
mens, and serve it as a breaded entrée or as a Spanish dish with tomatoes and onions.

The quality of Hawaii catfish may be superior to its Mainland counterparts. Brokers
have stated that they are hesitant to buy Mainland and foreign catfish because they
are considerably inferior in taste and texture to the Maui product.

_ Price. Mainland processed farm-raised catfish are sold wholesale, fresh (ice packed)
or Trozen for 31.11 to $1.25 a pound (32.45 to $2.76/ke). and retail for $1.59 to
}1.79 4 pound (8351 to $3.95/kg). Imported wild-caught catfish, which come princi-
pally from Brazit, retail in dressed form for $0.99 to $1.29 per pound ($2.18 to $2.84/
ki) (Brown, 1977). Hawaii-grown catfish would have to be produced for approximately

$.50 per pound ($1.10/kg) before Maintand marketing would be feasible and this
appears to be a ditficult task.

. ll;fwau prices for live catfish are currently $1.25 per pound (82.76/kg) at the pond
Whlilt‘ lli!ets are $3.50 per pound ($7.72/kg). The appeal of a fresh “Hawaiian™ specialty
seatood item has produced a demand that exceeds supply. and in the opinion of some
brokers, tocally raised catfish could probably be sold in most of the State's seafood
restaurants it the supply were available (Ken Horimoto, 1977 personal communication).
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Major Constraints and Recommended Actions

Culture. Although channel catfish fingerlings can be purchased from the Mainland,
such supplies are either inconvenient or too expensive for Hawail’s aquafarmers. The
further development of catfish farming will be greatly enhanced by a local source of
stocking material. A research program aimed at artificially spawning channel catfish in
Hawaii at all times of the year to provide fingerling production will aid the expansion
of farming activities. Such a research effort is presently being carried out by the
Anuenue Fisheries Research Center and the University of Hawaii. The successful con-
clusion of the research will not only further commercial aquaculture development, but
also provide a steady source of catfish juveniles to use for stocking recreationz] fishing

areas.

Market. A broad spectrum of Hawaii consumers is unfamiliar with catfish.
Because of inconsistencies in the local production of catfish, State and private entities
have hesitated to launch major market promotion programs.

Once the local production of channel catfish is sufficient, market development
activities can commence. These activities would be directed at optimizing the institu-
tional, restaurant and home markets. The saturation of the restaurant sector may gener-
ate a home consumer demand. Cooking demonstrations could be undertaken to stimulate
public interest. Non-traditional product forms (smoked catfish, breaded catfish or cat-
fish sticks, for example) may appeal to a broader group of consumers.

If opportunities for export should develop, the State should also support these
activities. However, the development of export markets on the U.S. Mainland or Japan
appears unlikely in the near future due to increasing competition {rom Mainland and
South American producers and the current costs of production and shipping.

Perhaps the major constraint to the successful marketing of catfish will be the
high retail price. Research is, therefore, needed to reduce the costs of pond production
of freshwater finfish, through mechanization or other means.

Economic Projections

The following growth projections are limited -for the most part—by market
opportunities. It is assumed that current production will gradually increase over the
next five to seven years, during which time the demand for the product will exceed
available supplies of locally-produced catfish. Thereafter, it is assumed that production
will grow at a moderate pace, in keeping with increasing demands brought about by
promotional activities. It should be noted that if production costs can be brought
down to approximately $.50 per pound ($1.10/kg) (1978 dellars), export opportunities
would occur and these projections would, therefore, be far too conservative. Moreover,
these projections do not account for the emergence of a fingerling production industry,
a strong possibility because of Hawazii’s current disease-free status and relative isolation.
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ble 15. Projected Production, Employment and Revenues from the Culture

Ta of Channel Catfish in Hawaii: 1978 to 2000
Production Empleyment Wholesale
Year Yiek Direct Indirect Total Revenues
(1000 Bs) Acres? Jobs? Jobs* Jobs {10005 of 1978 §)
. 100 16 2 6 8 $ 125
{3;3 350 4 5 15 20 438
1985+ 600 75 8 24 32 750
1990 750 94 10 30 40 538
1995 1,000 125 13 39 52 1,250
2000 1,250 156 16 48 64 1,563
Assumptions:

» Production limited by local market. Yields estimated 2t 8,000 pounds/facre/year.

1 Represents acres of impounded water. Farm size acreage is considerably larger.

1 One direct job per 10 acres of ponds.

*Whaolasale price of $1.25/pound is equivalent to $3.50/pound for fillets (35 percent recovery factor).

+Market promotion begins.

Freshwater Finfish

State-of-the-art for Culture

Species. Chinese carps and tilapia'® are groups of fishes which possess certain
favorable biclogical and ecological characteristics that allow mass culture at 2 low cost,

Chinese carps consist of four major species: the grass carp (Ctenopharvigodon
idellies), silver carp (Hypophthalmichthvs molitrix), big head (Aristichthys nobilis) and
mud carp (Cerriing molitrolly). Tilapia are a genus of warm water fishes originating in
the intertropical waters of Africa. Species of commercial aquaculture interest include:
Sarotherodon mossambicus, 8. nilotica. S, aureus, S galileus, S melanopleura, and S.
macrochirus.* Members of both groups have been introduced inte many tropical and
temperate countries around the world to be cultured as a source of inexpensive food
protein (Bardach et al. 1972), and both groups are extremely hardy with high toler-
ances for such environmental stresses as high temperatures, low levels of oxygen and
high metabolite concentrations.

~ Several species of Chinese carps are often cultured together or with other econo-
micalty valuable species of aquatic plants and animals because the feeding characteristics
of each species are such that each consumes a different portion of the natural food

di * M_[houg_h m‘g"fﬂ 5pp. are curyhaline, or can tolerate a wide range of salinities, they will be
iscussed in this section with other freshwater finfish.

“ The genus Tilapia was o
common name recently changed to Sarotherodon, however, Tilapiz is still used as the
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chain. This concept known as ‘‘polyculture” allows large guantities of fish and other
animals to be cuitured in a pond with little or no supplemental feeding. However, some
fertilization (with either commercial agricultural fertilizers or animal manures) of the
pond to increase natural productivity is required.

Optimum rearing temperatures for tilapia range between 68° and 86°F (20° and
30°C) (Huet, 1970). Like Chinese carps, tilapia can utilize the natural pond productivity
as feed. However, since the feeding niches (that is, the components of the natural
productivity each species eats) for the various species are not well known, and since
the history of culture is short compared to other polyculture systems, species combina-
tions and stocking practices are not firmly established (Bardach et al., 1972).

Reproduction and hatchery technology. Controlled reproduction of carps and
tilapia is carried out routinely. Chinese carp fry can be obtained by artificially spawning
broodstock using hormone injections. This technique is practiced in many countries
around the world, including China, the Soviet Union, the United States, Israel, Malaysia,
Japan, Brazil, and Taiwan. The details of the procedure differ for each carp species,
however, there are three principal phases: preconditioning, injection and spawning
(Bardach et al., 1972). Chorionic gonadotropin hormones from common carp of humans
are used with spawning generally carried out in an earthen pond stocked with males
and injected females. Spawning takes place in one to two hours, after which the pond
is drained and the eggs collected. Hatching is usually carried out in special baskets in
the laboratory. Chinese carps hatch in 24 hours at 82°F (28°C) and the yolk sac is
absorbed within three to six days. As soon as the yolk sac is absorbed, the fry are
transterred to the first of a series of nursing and rearing enclosures or ponds.

Tilapia spawning occurs naturally in ponds and other rearing enclosures. Indeed
this has caused problems for tilapia farmers as spuwning is difficult to prevent and over-
stocking in ponds may result. Tilapia make '‘nests” or hollowed out depressions in the
pond bottem or bank for egg laying and fertilization and, then, in most species,
fertilized eggs are carried or brooded in the mouth of the female for about 10 to 15
days after hatching. Some species of tilapia may mature in two to three months, at
which time they reach 2.4 to 4 inches (&6 to 10 cm) long (Bardach et al., 1972y One
technique used to avoid unwanted spawning in growout ponds is monosex culture,
usually the culture of all males.

Growout technology. Chinese carp growout ponds are prepared for stocking through
the addition of fertilizer. The type and amount of fertilizer (usuailly animal manures)
depend on the characteristics of the soil and water supply. and the species of Chinese
carps, i.e., which portions of the natural productivity are going to be used (Bardach
et al.. 1972). Stocking densities vary considerably depending on the species stocked and
whether polyculture or monoculture is practiced. Chinese carps grow we!l in high
densities, and intensive growout systems can be successful when supplemental feeding is
provided.

Yields from carp growout ponds vary with the amount of fertilizer and supple-
mental feeding, the stocking density, the species reared and the management techniques
employed. The most productive combinations of species of Chinese carps and their
proportionate stocking densities {polyculture) are not clearly defined at this time. Under
favorable conditions, yields from the polyculture of several Chinese carp species may
range hetween 340 to 9,000 Ibs/acre (300 to 8,000 kg/ha). The effects of culturing
Chinese carps with other aquatic animals (prawns and oysters) have not yet been
determined. However, Chinese carps can reportedly be cultured with prawns, food fishes
and molluscs with little or no increase in supplemental feeding.
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Iyculture of Chinese carps and tilapia represents an opportunity
L:fv:i? tvo meat the foad processing industry s increasing demand for high
quality, low cost fish flesh.

Above: Chiniese carp can be spawned in caplwity by using hormone injections {Courtesy of DLNR. }

Briow: Toapa sipawn naturafly in ponds and ather rearing enclosures (Courtesy of ODLNR.)
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The greatest potential for tilapia culture appears to be in polyculture with other
species. According to Bardach et al., 1972, the critical question is not “How many
kilograms of tilapia can be produced in this pond?”, but rather “Will tilapia add signi-
ficantly to this pond’s fish production?”” Even so, annual yiclds from the monoculture
of tilapia have ranged between 1,120 and 20.200 Ibs/acre (1,000 and 18,000 kg/ha). As
with Chinese carps, there is little precise data available on methods of using tilapa in
polyculture situations.

Market Characteristics and Qpportunities

Supply and demand. Both carps and tilapia have been culttured and consumed in
various European, African and Asian countries for hundreds, if not thousands, of years
(Bardach et al., 1972). Today, both groups play critical roles in the diets of people in
the developing countries (Bell and Canteberry, 1976). The popularity of Chinese carps and
tilapia as food in the United States has not been established, though some small experimental
market development activities have been carried out in Alabama (Crawford et al.. 1978)
and Florida. On the Mainland United States, two species from these two groups of
fishes have been widely used for aquatic vegetation control (the grass carp. Cteno-
pharyngodon idella) and as a recreational sport fish in bodies of freshwater (Sarotherodon
spp.). Commercial culture has, therefore, been limited to support of these two developing
uses.

A major unresolved issue atfecting the continued use of both Chinese carps and
tilapia in aquatic vegetation management and recreational fishing, as well as food
production, is the question of the impact of non-native species on native fishes and
the natural balance of freshwater ecosystems. Considerable resistance to the further
stocking and distribution of both species groups have been observed in some states,
e.g., Florida and Missouri (Guillory and Gasanay. 1978).

An example of a country where these groups of freshwater fintishes are important
food items in a non-subsistance economy is Israel, where Chinese carps are produced in
polyculture systems. The per capita aquatic protein consumed per annum in Israel is 20
pounds (9 kg). Roughly 20 percent of this figure is composed of Chinese carps {(Moav,
personal communication, 1977). Likewise, the use of tilapia in the diet has been
increasing (Brown, 1977).

In Hawaii, combined sales of Chinese carps by the two local producers umounted
to approximately 25.000 pounds (11,300 kg) for the period 1972 through 1976 or an
average production of 6,250 pounds (2.800 kg) per year. Preliminary calculations
indicated a market potential of approximately 46.000 pounds (20.870 kg) of whole fish
in 1977

In 1977, approximatcly 3,180 pounds (1,440 kg) of tilapia were produced in local
ponds. Reportedly, an unknown amount of this production is being exported to Canada
to a small pocket market.

Product forms. In Europe, Isracl and the Far East. live and fresh-frozen carps and
tilapia can be found in traditional fish markets, and some dried and processed products
can be found in food and specialty stores.

In Hawaii, Chinese carps (principally the grass carp) are sold wholesale either live

at the pond or fresh-chilled. They are particularly popular with peopie of Chinese
descent. Chinese restaurants often prepare the fish by steaming.
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fishery.

Prices. Prices for live and fresh-chitled carp ir_l Hawaii range from SE.(}(_} 10.53‘50
per pound (34.4] to $5.51/kg) wholesale, depending on the producer. .Ret“”. prices vary
between $3.50 and $4.50 per pound (87.72 and $9.92/kg). By comparison, in [srael the
government-controlled price for live carp was between $5.90 and §1.10 per pound (31.98

and $2.43/kg) in 1977

In 1977, approximately 3,180 pounds (1,44_.'-3 kg) of tilapia were sold in Hawaii
for a value of $4,060, or about $1.24 a pound ($2.73/kg).

Wholesalers in Alzbama have indicated a willingness to purchase several types of
Chinese carps for about $.45 to §.50 a pound (8.99 to $1.10/kg) (Crawford et al,
1978). Even without the cost of the air transportation required to market a fresh product,
prices of Hawaii-raised fish would be prohibitive.

Potential markets. A large export market potential for both these groups of fishes
in developed countries clearly lies in their possible use as ltow cost. high quality
processed fish protein for such items as fillets. fish cakes. burgers. sticks, ete. The
United States consumed in excess of 300 million pounds (136.080.000 kg) ot fish sticks
and portions in 1976. These items are cut from blocks of fish flesh, more than 90 per-
cent of which are imported (USDOC, 1977).

A smaller, near-term potential exists in Hawaii for the development of polyculture
systems that utilize combinations of these species along with other economically impor-
tant local species, such as freshwater prawns, Once optimal management techitiques are
worked out, increased pond production can be expected for the same amount of teed
und/or fertilizer input.

The increasing demand for Chincse carps in Hawaii and the Muinland in other than
t_hc “unrecognizable™ processed product forms will require consumer education programs.
I-du_cutional activities could include in-store promotions, giving the product a brand name
and/or test marketing product forms which appeal to a broad segment of the community.

Major Coastraints and Recommended Actions

?ultu!-e. Although certain species of both Chinese carps and tilapia are present in
Hawaii, neither group has been scientifically evaluated in a commercial demonstration of
pond aqtagculture, Likewise, the role that these species could play in increasing the
productivity and profitability of existing pond-reared aquaculture species, such as fresh-
water prawns. has not been tested. Moreover, local commercial aquaculturists are gener-
ally unaware of the benefits of polyculture. The State should encourage the commercil
demonstration of the polyculture of carps and tilapia. and support research and tech-

: ; ries Of th '

Hawa-:?w injpbortatioq {_)f ce.rtain species of Chinese carps and tilapia not presently in
lack fma_; ,e,pr_omb’te‘i’lf proposed Federal regulations are adopted. Moreover. the
of scientific information on the Impact of these species on loca! ecology may make
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it difficult to import brood or seed stock for commercial purposes. State agencies should
providg input nto Federal injgrious species legislation, so that, when appropriate, Hawaii
can be exempted from regulations. Initial overtures in this regard have already been
made. In addition, State agencies should analyze existing literature on these groups to
determine if importation into Hawaii would be detrimental and what precautions should
be taken, €.2., closed systems culture, ete,

Both Chinese carps and tilapia are traditionally cultured in Asia and Europe using
domestic and animal wastes to enhance the natural productivity of culture ponds and to
provide @ supplemental feed. The use of such methods to produce food consumed
directly by humans is prohibited by Federal regulations. This situation eliminates an
inexpensive source of fertilizer and/or feed for aquaculture at this time. State agencies
should work with appropriate Federal agencies to define the legal problems in biological
terms and formulate solutions and appropriate reguiations. The State should also support
research into the use of domestic and animal wastes in monoculture or polyculture
systems utilizing Chinese carps and tilapia. This research can bring about efficient and
cost-effective utilization of State land and water resources.

Market. Chinese carps and, particularly, tilapia have a poor “public image” by virtue,
pethaps. of their histories and feeding habits. This situation can account for the general
lack of market incentive for culturing these species. One means of overcoming this
situation would be to diversify the product and, for example, utilize these fish in
processed foods.

When the production of Chinese carps and tilapia warrants, the State should engage
in market development activities. Possibly the most potentially valuable activity would
be to encourage the construction of processing plants capable of producing butk fish
flesh. The existence of such plants would permit the development of export markets.

Economic Projections

The foliowing estimates of production, employment and revenues for the culture
of freshwater finfish are based on the gradual introduction of Chinese carp and tilapia
culture over the next 10 years. It is assumed that these species-groups will be introduced
first as polyculture with freshwater prawns. Expansion is assumed to proceed rather
slowly at first, with most of the product being consumed locally by various ethnic
groups. Thereafter, it is assumed that a more rapid expansion would take place upon
the establishment of a fish flesh processing plant.
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Table 16. Projected Production, Employment and Revenues from the Culture
of Freshwater Finfish in Hawaii for Local Consumption:
1978 to 2000

Production Employment Wholesale
Year Yield Direct Indirect Total Revenues
(1000 bsy Acres? Jobs? Jobs' Jobs (1000s of 1978 $)*

1978 6 £.5 1 2 3 § 6
19807 10 2.0 ] 2 3 10
1985 50 100 ! 2 3 50
1990 250 50.0 5 9 14 250
1995w 1,000 2000 20 50 70 1,000
2000 5,000 1,000.0 100 250 350 5,000

Assumptions:

! Includes Chinese carps and tilapia for fillets and other processed forms. Production yields estimated
at 5,000 poundsfacre/year.

* Represents surface acreage of impounded water. Farm size will be considerably larger.

* Approximately ong direct job per 10 acres of ponds.

* Approximately 1.7 indirect jobs per direct job until processing begins in 1995, Thereafier, 2.5
indirect jobs per direct job.

* Wholesale value of $1.00 per pound, live weight,

* Single producer, development program begins in 1979,

* Feasibility demonstration proceeds.

* Commetrcial feasibility proven.
* Track record established and expansion proceeds.

'* Processing begins.

Fresitwarer Prawns
State-of-the-art for Culture

Species. Although there are over a hundred species of freshwater prawns of the genus
Macrobrachium around the wortd, Macrobrachium aquaculture is presently synonymous
with the culture of M. rosenbergii. This species, like others of the genus, grows best in
tropical climates with temperatures zbove 77°F (25°C). The lower temperature limit for
all species of Macrobrachium is probably about $9°F (15°C).

Research into the reproduction of the Malaysian prawn was initiated in Penang,
Malaysia,in 1959. After several years of experimentation, prawn larvae were successfully
reared to adplts in the laboratory by Dr. Shao Wen Ling. Commercial prawn aquaculture
became possible in 1966 when biologists at the Anuenue Fisheries Research Center
(AFRC) of the Hawaii State Department of Land and Naturzl Resources developed a
practical mass larval-rearing technique.

With the availability of a reliable supply of stocking materizl and advisory services,
a few local fullscale pond production tests were begun in 1969. When the economic
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A Stare AFRLC worker takes a mon thly pond sample and checks far size and sex,
(Courtesy of AFRC.)

The freshwater prawn,
Macrobrachium rosenbergil,
introduced to Hawaii in
1965 and developed by the
Anuenue Fisheries Research
Center, is now exported to
countries around the world.
Hawaii has emerged as the
world’s leading center for
prawn farming expertise.

Takufi Fujimura, Chief Biologist of
the Anvenue Fisheries Research
Canrer, i responsible for the estab-
lishmenr of modern freshwater prawn
farming
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feasibility of prawn furming was demonstrated a lew vears luter. more furmers hegan o
take advantage of the State’s program.

The AFRC, through its research hatchery und extension advesory activities. supports
prawn aquaculture development (Chapter LI, B). These activities particularly hatchery
and extensionfadvisory -nted to expand to meet the needs of new furmers,

The recent selective breeding and ecotype testing of dilferent varicties of Macro-
brachium spp. has resulted in the development of a species with a distinctly supenor
hatchery performance (Spencer Malecha, 1978: personal communication). Evaluations of
pond growout performance of this promising new species are now upder way.

Controlled reproduction and hatchery technology. Personnel at Anuenue have
developed and perfected a workable hatchery technology for Maluvsian prawns. Macro-
brachitern will mature, mate and spawn under both laboratory and pond conditions
about eight months after hatching. Females carry eggs externatly. Although temale prawns
will mature and mate in fresh water, brackish water is required for the larvae to survive
and develop.

Newly-hatched larvae are placed in large 5,020 gallons ¢ 19.000. 1Y tanks. The
optimum salinity of the water is between (2 and 9 parts per thousand, with the opli-
mum temperature between 827 and 86°F (28 and 30°C) Prawn larvae are generally
stocked between 150 and 230 mdividuals per callon (30 and 60 individuals/ L1 The
system uses single-celled algae, “ereenwater.” in concentrations ranging from 500.000 two
2,000,000 cells per milliliter, in stutiv culture where water is periodically exchanged.
Artemig nauplii are provided at concentrations of between S and |5 naupin per niilli-
liter. Minced fish flesh is also used to supplement the diet during the Latter hall or two-
thirds of larvai development. Survival is vsually between SO and 60 percent. The
hatchery phase takes approximately 40 days (Sandifer et al.. 1977

Prawn hatchery technology is underpoing extensive cost reduction research Ly
many public and private organizations around the world. The cost of producing post-
larval stocking material at the AFRC is about 3K per thousand, but this only represents
operating costs. The AFRC has an extensive research program in this area which func-
tions in conjunction with its commitment to tfurnishing stocking material 1o Hawali’s
prawn farmers. The focus is on achievening a shorter larval cyvele (o reduce operating
costs and increase annual production. Areas of research include controiling and opti-
mizing environmental factors, nutrition, tank design and Now charucteristics. hatchery
management {echnigues and selective hreeding (Hanson and Goodwin, 1977),

Growout technology. An effective pond groweout system for prawns has been
developed by the AFRC (Fujimoto, Fujimura and Kato, 1977). Briefly, the system
utilizes untined earthen ponds with a stuice gate outflow system. Water quality is
controlled by flushing rategfertilizers and oxypgen releasing agents. Flow rates, ranging
from 10 to 20 gallons per minute per surtace acre (90 to 190 t/minfha), are increased
as much as threefold to flush ponds of excess phytoplankton (blooms) and decreased
when phytopiankion densities fall. A water depth of three to four feet (9 to 1.2 m)
allows moderate phytoplankton densities. thus preventing benthic zlgac or aquatic weed
growth, which interferes with harvesting, Stocking rates are between 1.5 and 2 post-
larvae per square foot annually.

Farmers feed approximately 30 pounds of poultry broiler starter per acre per day

(27 kgfha/day) which represents a feed conversion ratio of a little over three pounds
of feed to one pound of prawns.
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Weighing prawns after the harvest. Prawn fuveniies from the Stape hatchery .
{Courtasy of AFRC.} ready for stocking. (Courees, of AFRC)

Freshwater prawn farming is the
largest and most rapidly growing seq-
ment of Hawaii’s commercial aqua-
culture sector. Macrobrachium has a
high market value and a significant
export potential—two characteristics
that other species recommended for
devetopment should possess.

Aquatic Farms, Ltg., of Hakipuu, Oahu, was desigrned 1o be a A for prawn and
ather aguacuiture technologies. [Courtesy of Aquatic Farms, Led}
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Feeding rates are increased if all the food disappears within 24 hours and decreased
if there is leftnver feed. The role of natural pond productivity in the nutrition of prawns
is not well understood at this time.

The stocking of growout ponds takes place once a year with harvesting every two
to three weeks throughout the vear (after an initial seven-month growth period). The
single annual stocking is due to the State hatchery limitations. The hatchery is presenily
undergoing temperature control modifications to permit it to operate year-round. When
these are completed, multiple stockings are expected. Under these conditions, the fastest
growing prawns reach a harvest size of five to seven live animals per pound (11 to 15
animals/kg) in about seven months. This commercial production system has proven
reliable as sustainable production levels of 2.500 to 3.500 pounds of market-size prawns
per acre per year (2,225 to 3,115 kgs/ha/yr) have been demonstrated in some established
Hawaiian ponds (Gibson and Wang, 1977).

A detailed analysis of the production process reveals that major costs are distributed
into the categories of amortizing debt. labor, and feed. Little can be done uat present to
reduce the initial capitalization. Labor and feed account for 40 percent of total produc
tion costs. Resegarch directed towards the autemation of the harvesting and feeding
processes could benefit many local farmers. Moreover, the cost of compounded rations
is likely to continue to rise due to the increasing price of ingredients. Research aimed
at increasing the natural pond productivity utilized by pruwns could offer tfurther cest
reduction benefits to aguafirmers. Key parameters to be investigated are pond temperature,
water quality and flow rate, the amount of natural and artificial shelter. pond size and
shape, harvesting frequency and type of fceds. Another area of investigation is the
introduction of the polveulture of Chinese carps with prawns.

Commercial sector needs. Active water quality management can be 1 key factor in
maintaining ponds in an optimal production condition. However, few of Hawaii's prawn
farmers have the *‘in housc™ expertise to carry out a water chemistry monitoring program.
Moreover, acquiring these services from the private consulting sector can he too expen-
sive for the small operator. Likewise, the health and quality of the prawns although not
major problems to date--have been overlooked. Aquatic disease services have recently
been instituted to fill this void. Responsibilities will include responding to onssite pro-
duction disease problems, research and cataloging of local aquatic diseases. and inspec-
tion of export and import shipments of aquatic products.

Market Characteristics and Opportunities

Supply and demand. Malaysian prawns are a popular food item in Asia and
Europe. In Japan. prawn consumption has reportedly increased from five million pounds
(2,268,000 kg) in 1968 to 12 million pounds (5,443,200 kg) in 1972 The majority of
this figure is imported from Southeast Asia. Western Furope and Scandinavian countries
are importing significant, yet unknown, amounts of prawns. Although precise quantities
cannot be quoted. it can safely be said that the demand far exceeds the supply.

Macrobrachitum rosenbergii is largely unknown on the Mainland United States. Wiih
the exception of a small Macrobrackium ohione fishery in Louisiana, which produces
approximately 100,000 pounds (45,360 kg) a year for food and bait, there is essentially
no natural fishery. Mexico has a Macrobrachium spp. fishery based on wild stocks. The
seasonal catch amounted to 700 metric tons in 1974 valued at 38,360,000, however,
this catch is consumed within the country (Hanson and Goodwin. 1977). An estimated
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10 million pounds (4,536,000 kg) per year of freshwater prawns are present
imported into the United States from Southeast Asia and India, buy This‘ U
been inadequate and quality has been inconsistent, ranging from fair to po

ly being
prly has
ar.

The present Hawaii market for prawns remains undersaturated. From
1977, prawn production increased from 4,000 pounds (1,814 kg) annually
pounds (23,134 kg). From interviews conducted with wholesalers, retajlers and rest
rateurs, it is estimated that a small quantity of freshwater prawns is being importej .’;u-
Bangladesh, Ecuador, Taiwan. and the Philippines. This supply from foreign nag rom
approximately 5,000 pounds (2,268 kg) a year. tons s

1972 through
to 51.000

Prawn production is expected to reach 175,000 pounds (79,550 kg) in 1978
Various estimates of demand place the existing hotel and restaurant market alone' at
approximately 400,000 to 650,000 pounds (181,440 to 294.840 kg) annually (Faison
1976 MS: APP interviews with restaurateurs, wholesalers and retailers). The potential for '
substituting prawns for jumbo marine shrimp and other shrimp-like products would
increase these demand figures to 1.5 to §.8 million pounds (682,000 to 818,000 kg)
annually. '

Product forms. Mainland distributors occasionally handle frozen prawns, heads off,
shells on, in five- to ten-pound (2.3 to 4.5 kg) blocks from Vietnam, India, Bangladesh
and Indonesia. Supplies have been limited and the quality and taste of the product has
generally been variable. Reportedly, samples of these animals often fail to meet U.S,
health standards.

Potential U.S. Mainjand and local distributors for freshwater prawns have two
points of view on the subject of marketing. Une group feels that prawns should be sold
as a distinct, moderate- to high-priced, speciaity product, while the other group feels
that prawns should be sold as a substitute for marine shrimp and lobsters.

It was determined from interviews with Jocal and Mainland producers, retailers,
and wholesalers, that in order to be a lobster substitute, Mecrobrachium should have
the following characteristics: (1) the product size should be a 10 count. or 10 prawns
to the pound (22 prawns to the kg), or {.6 ounces (45 g) or less, through 3 five or
eight count (11 or 18 count/kg), with heads off, deveined, and shells on; (2) the _
product flavor and texture should be appealing, ie., there should be a firm texture with
a crisp bite with no trace of a muddy after-taste; (3) the product should be individually
covered with a cellophane wrap, quick frozen, and packaged in five-pound (2.3 kg)
boxes with 10 boxes to a case.

In Hawaii, producers are selling their entire production as whole, live or fresh_on
ice. Tamashiro Market, the largest retailer of prawns in terms of volume, markets tive
prawns in display aquaria. Restaurants vary in methods of preparing prawns. As 4 sh;lmp
dish, prawns can be prepared and served in a fashion similar to marine shnmp, LZ‘ =
fried or sautéed, and in scampi, salads, curries, and tempuras. One restaurant sau}! fis
prawn tails in garlic butter and grape brandy, whereas another serves prawns bro’»f .
Japanese tempura-style and grilled. Red Lobster Inns serve prawns s 2 specialty éetr;:é
with the body cavity of the prawn stuffed with crab meat and its OWn meat, atn
tail butterfried. Customers are reportedly unable to distinguish between freshwater
prawns and marine shrimp when the prawn is served in a breaded and fried form.

range from $2.30 to

Prices. Mainland wholesale prices for frozen imported prawns oot animals (12

$3.30 per pound {$5.07 to $7.28/kg). The lower price is for 10 €O

81



count/kg) and the higher price is for five count animals (1] count/kg). These prices are
somewhat lower than imported marine shrimp in the same size range. Prawns are sold
in moderate- to high-priced restaurants with meal prices usually ranging from $6 to $10

and up.

In Hawaii, during the period 1972 to 1976, the cost of prawns to wholesalers
remained at $3.50 per pound (37.72/kg). Recently, farm prices have reached as high
as $4 per pound (58.82/kg). Live, six to ten count animals (13 to 22 count/kg) at
retail markets can be bought for $5.00 to $5.50 per pound (811.02 to $12.13/kg). The
retail price for the iced, whole product has averaged about $5.70 per pound (312.57/kg).
Prawn tails have been priced in local supermarkets at between $7.00 and $8.50 per
pound ($15.43 and $18.74/kg). By comparison, frozen lobster tails retail for about $9.00
per pound ($19.84/kg), while fresh, whole marine shrimp is about $8.00 per pound
($17.64/kg). In restaurants, Macrobrachium can be found in various seafood combina-
tion platters for around $10.50 per meal 2

Processing and packaging. Many Mainland and Hawaii wholesalers are reluctant to
handle prawns because of erratic supplies and variations in the quality of the product.
Prawns which have been offered as fresh, iced or blanched® have, on occasion, been
found to have a mushy texture and are unacceptable. Using the present blanching and
icing techniques, the shelf-life of freshwater prawns is approximately six days. Since
wholesalers, retaiters and restaurateurs purchase food items that are held in inventory,
processing techniques to lengthen shelf-life and ensure a high quality product in terms
of texture and taste must be investigated.

A method which appears promising is flash-freezing (or quick freezing) the animals
immediately after harvesting. After being frozen, the animals are then packaged in air-
tight containers or glazed with ice and stored at low temperatures about -30°F (-34°C).
This process, which has not been demonstrated in Hawaii, reportedly lengthens shelf-
life to six to eight months (Hanson and Goodwin, 1977).

The increasing popularity of convenience foods for both fast food restaurants and
home consumers necessitates the refinement of existing processing technigues and the
diversification of product forms if prawns are to capture a large portion of the seafood
market. It appears, for example, that restaurants would prefer individual prawns rather
than prawns packed in 10-pound (4.5 kg) blocks. Processing of prawns into de-headed,
deveined, and breaded forms offers opportunities for an expanded market at some fuiure
time.

In summary, grading, processing, packaging and labeling standards which are

strictly adhered to by all producers would build consumer confidence and speed devel-
opment of the market.

Market development. A major obstacle to Mainland market development is the
current lack of a Fhstmct market segment for freshwater prawns. Because of similarities
between prawn tails and jumbo marine shrimp tails, wholesalers, retailers and their

2 Prices are as of June, 1977,

**Process which chillkills the animals then immerses them in 150°F (66°C) water for 15 seconds
before they are packed in ice.
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custorners have tended to confuse these products, Also, many West and East Coast
wholesalers have a negative opinion of prawns due, for the most part, to variations in
the guality of the imported product. Specifically, they have mentioned 3 “blandness”
of taste and ‘“‘inadequate” packaging techniques which shorten shelf-life. Another
constraint appears to be the cultural preference of most Americans for “tails only™
products.

In addition to the Mainland. Japan and Europe represent other export market
opportunitics for prawns. Both the cultural food preferences and the existing shellfish
distribution systems of these areas favor rapid market expansion, once regular supplies
become available.

In Hawaii, four possible markets have been identified: (1) hotels and restaurants,
(2) schools, (3) military commissaries, and ¢4) such retail outlets as seafood markets
and supermarkets. Of these, the hotel and restaurant market has the highest initial
potential (Faison. 1977 MS). This market, which caters (o tourists and residents alike,
is 2 quality market commanding premium prices. There is the further advantage of
exposing Mainland visitors to the taste advantages of the *“‘Hawaiian prawn.” A con-
servative estimate for the yearly tourist market is 656,000 pounds, or 297,562 kilograms
(Faison, 1977 MS). '

An important issue to be decided is whether the product should be marketed as a
new entity or as a substitute for existing products of similar form, such as lobster and
jumbo marine shrimp tails, whose principal buyers are hotels and exclusive restaurants.

Major Constraints and Recommended Actions

Culture. Commercially viable hatchery and growout technologies have heen
developed in Hawaii. However, current production costs, combined with a scarcity of
supply, have resulted in high market prices which, in tumn, have caused people to think
of prawns as a luxury item.

Techniques are being researched and refined to reduce the costs of production.
Key areas which need to be addressed inciude: (1) formulating a low cost, high quality
supplemental feed: (2) developing techniques to manage the natural productivity of the
pond, thereby increasing available food, and (3) reducing labor through development of
labor saving equipment and procedures. In addition, emphasis should be placed on
developing a domesticated strain of prawns that can be raised less expensively, in a
shorter period of time, and which is overall, a higher quality animal. For example,
prawns which spend less time in the hatchery phase, or have a greater proportion of
edible meat would decrease overall unit cost of production,

In the future, continued encouragement and support should be given to research
which contributes to reducing production costs for both the hatchery and growout
phases of prawn farming. These experiments should include laboratory and outdoor
pond investigations in the following five areas: (1) increasing the total aquatic protein
production of a pond through the polyculture of freshwater prawns with finfish (e.g.,
tilapia and Chinese carps), (2) increasing production and reducing costs through the
development of new management techniques, (3) develaping a domesticated stock
through maximizing the economically important characteristics of various genetic stocks
{ecotypes), (4) optimizing prawn productivity and reducing total feed costs through
maximizing natural pond productivity and developing least-cost supplemental feeds, and
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hrough the development of labor saving devices for feed-

' roduction costs t . >
e sting ¢, and water quality mamtenance.

ing, harvesting, pond maintenanc

Market, The Hawaii market for prawns presentl‘y is undersaturated_ due to _insu[‘ficiem
supplies. However, within the next two years, supplies of prawns are hke]y to increase
tremendously due to rapid increases in the rgumber of acres in production (see Economic
Projections, Table 17). Indeed, the supply of farmed prawns is expected to exceet_j‘the
needs of the live and fresh on ice markets by Iatc‘]979. Ma;ket drevclopment activities
should begin in anticipation of the large increases m_prOdUCtl‘?ﬂ- Key arcas of pursuit
should include: (1) the establishment and industry-wide adopt_lon of quality standards
for all praduct forms, (2) the determination and implementation of storage methods
and such freezing techniques as flash-freezing, to allow for the expansion of the local
market, as weil as the development of export markets, (3) the adoption of packaging
and labeling procedures, and {4) the undertaking of educational and promotional activi-
ties. Initiul emphasis should be placed on the expansion of the local market in concert
with planning for entrance to the Mainland export market by carly 1980, Research
undertaken should be a cooperative, interdisciplinary effort between the AFRC and the
University and involve both the Hawaii Prawn Farmers Association and private processors,
The Hawaii Prawn Farmers Association can and should serve as a major focal point for
all of the aforementioned activities.

Economic Projections

QOver the past four years, prawn {arming has seen a doubling in production nearly
every year. This explosive growth rate is not expected to continue. The projected pro-
duction, emplovyment and revenue from the culture of freshwater prawns through 1980
are indicated in Table 17, These projections are based on present production, current
expansion activities, and announced plans. They are, therefore, considered to be highly
accurate, Projections for 1985 and beyond are based on a growth rate which reflects
a4 doubling of production every five years as opposed to the current doubling each vear,

-
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Table 17. Projected Production, Employment and Revenues from the Culture
of Freshwater Prawns in Hawaii; 1978 to 2000

- Production Employment Wholesale

Year Yield ! Direct Indirect Total Revenues

(1000 Ibs) Acres’ ' Jobs?® Jobs* Jobs (1000s of 1978 $)

19750 175 17 22 20 42 s 616
19807 | 1.442 517 52 %8 i40 5.047
1985% 7.500 1875 190 320 510 26,250
19907 15.000 3.750 I 175 640 LS 52,500
1995 30.000 7,500 750 1.280 2,030 105.000
2000 60.000 15.000 1,500 2,560 4,060 210,000

Assumptions,
! Production estimated to be 3000 [b;acrefyr for tirms in production for more than one vear as of
beginning of each calendar year,
* Actual surface acreage of impounded water. Total farm acreages are much greater. .
Y Approximately one direct job per 10 acres of ponds. i
*Approximately 1.7 indirect jobs per direct job. '
*Wholesale price of $3.50/pound. whole weight
*Estimates are reliable since they are based on juveniles stocked in 1977,
*Production hased on announced plans. Freezing and export begins.
*Production per acre increases to 4,000/acre;yr. Production costs decrease, allowing for substitu-
tion for shrimp tails.
*Fullscale expart of both frozen tails and whole animals.

Murine Finfish and Miscellaneous Marine Species

Dug to the diverse nature of the species being considered in this section, each
species or group of species will be discussed separately.

Mullet

Species. The grey mullet (Mugil cephaiuy Linnzeus). the species most commonty
cultured, is distributed in coasta} waters and estuanies throughout the tropics and sub-
tropics. Extensive (low vield per unit area) pond culture of this species occurs through-
out Asia, but farmers are dependent on natural supplies of juveniles for stocking material
(Bardach et al.. 1972: Brown. 1977).

Controlled reproduction and hatchery technology. Successful research into the
artificial propagation and juvenile rearing of mullets have been carried out in israel,

Taiwan and Hawaii. Results from these locations have clearly demonstrated \‘I«’OI:kablE ;
techniques for artificially spawning adult mullet using injections of salmon pituitary !
hormone (Chen. 1976: Oceanic Institute, 1972, 1974, 1975, 1977). The dosage depends :

on wet body weight and the internal condition of the female’s egas. Co_urtship. spawn-
ing and fertilization occur naturaily with uninjected males (Oceanic lnsutute,_ 1972). ‘
Despite these successes, the large-scale mass-rearing and, ultimately, the genetic selection
of mullet are still not commercial realities. The routine mass-rearing of mullet larvae s
Teceiving major research attention around the world (Chen, 1976; Oceanic Institute,
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1977). Private and Federally-funded research at the ()ce_anic Institl}te .h.as addresqu such
key areas as the relation of egg quaiity to larval mortallty. larval iood_a und_nutrmon,
the effects of temperature, salinity and water quuality, as we {] as (fonlumer S1IZ¢ On growth
and mortality rates. In 1976 and 1977, over 10,000 mullt"t JUV(".'HI‘I_ES were W_Oduced by
the Institute in their research laboratory-hatchery. Most of ‘these fish were given or sold
at a nominal fee to four fishpond owners on the Islands of Oahulund Hawaii. Survivy]
rates in excess of 30 percent were observed in some of the experiments (Oceanic Enstj-
tute, 1977), but the average rate was from five 10 10 percent. _Tife pxlolt-scule Tearing of
juvenile mullet could be carried out utilizing existing technical information.

Growout technology. Pond culture of muliet. usually in combination with other
specics, has been practiced in Asia for hundreds of years. Mullet are uble to t]l'rivc in a
wide range of salinitics from fresh water to tull strength sea water. The most suitable
temperature for optimum growth range from 68 to 83°F_{'30 to 28°Ch Mullel can
reach a weight of threefourths of o pound {.34 kg) m 18 months

Late juveniles and adult mullet feed by sucking up surtuce luyers of muddy
bottoms, or by grazing on sea grusses, rocks or other surfaces. The organic muateriul
consumed includes single-celled algae (hiue-green alzae). plant detntus and inorganic
sediments which means that mullet can utilize the natural productivity ot ponds. Farmers
in Asia usually add fertilizer ¢animal manures) to the pond and. at times, provide g
supplemental feed. Current US. FDA regulations prohibit using manure tor pond feed
in the U.S

Mullet are most often cultured with sach other species as gzrass carp and tilapia.
Stocking densities depend on the proportions of otlier species stocked. Far example, in
Taiwan, mullet sre generally stocked at 400 to 800 per acre (1,000 to 2.000 ha) in
pelyculture and 1.600 to 4.000 per acre (4.000 to 10,000 ha) in monoculiure situations
(Chen. 19701 Yields of mullet trom such polyeulture operations vary for the same
reasons. Monoculture of mullet cun reportediy produce as much as 2.500 pounds per
acre per yeur (2,220 ke'hasvrd by relving on natural productivity. By compurison, un-
managed ancient Hawaiian fishponds in 1901 produced 176 pounds per avre Per year
(E57 kg/haiyry (Cobb. 1901y In 1977, two commercial ponds which monoculture |
mullet on 3 regular bosis yielded between 600 and 1.500 pounds ner acre (534 and
PA3S kefhey (Madden and Paulsen, 1977).

In summary, extensive culture techniques for the earthen pond produaction of
mullet have been used for venturies in Asia and Hawaii, and seni-Hiensive culture has
been practiced i Asia for several vears. However, the economic feusibility ot pond
growout systems remains to be demonstrated under present conditions in Haowaii.

Market: supply and demand. Worldwide, mullet plays an important role in the
rurul{ subsistence cconomics of many developing countries, puarticularly in Asia and the
Pacific Basin. Generallv, fish that are farmed in a particular country ';ne distrihuted to
markets within that country. usually within a limited radius of thc‘rearing ponds.

During the 1950's and early 1960%s, the annual US. production of muailet from
catch fisherigs was consistently near, or in excess of, 40 million pounds (18.144.000
kg)._ffroduct{on 15 concentrated in seven southeastern states from North Carolina to
Louisianz, with Florida usually acvounting for slightly over 80 percent of U.S. lundings.

Annual production from 1967 to 197] averaged 32.4 million pounds (14.696.600 kg,
valued at $2.6 million a year, '
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Since the 19507, the dockside price of mullet has consistently been less than 10
cents per pound ($0.22/kg), a low figure when continuing inflation and an mcrease in
the prices of o_the; seafood products are taken into consideration. Mullet and mullet
products are distributed throughout the Southeast and in many Northeastern metro-
politan centers with smaller amounts sold in Western markets, mainly in California and

Arizona. Approximately 65 percent of the total U.S. production is consumed in the
Southeast (Cato etal., 1976).

In Hawaii, mullet have been raised in Hawaiian fishponds for hundreds of years
(Cobb, 1901). Today, locally raised mullet make up onty a small percentage of the
State’s total annual mullet consumption. From 1972 to 1976, total consumption
increased from 232,000 pounds (105,200 kg) to 248,000 pounds €112,500 kg), while
over the same period, the pond-reared contribution decreased from 2,300 pounds (1,040
kg) to 800 pounds (360 kg} and the sea-caught contribution decreased from 18,000 to
10,000 pounds (8,170 to 4,540 kg) {DLNR, 1972 to 1976). These decreases in local
supply were compensated by increases in foreign and domestic imports.

Mullet juveniles may 2aiso at some future time be sold as a livebait for skipjack

tuna (see also baitfish). However, juveniles must be consistently available for this purpose.

The export of spawning and hatchery technology for fry production to developing
countries would be possible once these techniques are perfected.

Market: product forms and prices. On the Mainland, mullet are sold fresh, frozen,
whole (the largest category), and smoked (limited to the State of Florida). Other
product forms include canned, fillets, headed and gutted and minced. Mullet roe has
become an important export product. During the four months of the year that roe fish
are available, it is estimated that about 2 million pounds (904,200 kg) of mullet are
frozen and sold. The principal market is Japan, but opportunities for export exist in
France and Italy.

Fresh mullet are sold at fresh fish markets or seafood counters in supermarkets,
Preliminary calculations suggest that boneless fillets could wholesale for $1.13 per pound
{$2.49/kg) and headed and gutted mullet could wholesale for $0.72 per pound ($1.50/
kg) on the Mainland. The major problem to marketing mullet is the limited shelf-life
due to its tendency to become rancid.

In Hawaii, 95 percent of the mullet consumed are supplied by imports. Mullet from
Australia and New Zealand, the major source of foreign imporis, are usually chilled and
retailed whole for $2.29 per pound ($5.05/kg). Domestic imports, primarily from
Florida retail for $0.79 to $0.99 per pound ($1.74 to §2.18/kg) in a frozen, whole form,
Mullet cultured in Hawaiian fishponds sell in a fresh, whole form for $1.30 to $3.10
per pound ($2.87 to $6.83/kg), depending on the supply.

Milkfish

Species. The milkfish, Chanos chanos, is cultured in brackish and saltwater ponds
throughout tropical Asia and the Pacific. Milkfish are able to utilize natural or artific@al]y
enhanced (through the use of fertilizers and/or manures) pond productivity, since their
primary diet is microscopic plants and crustacea. Since commercial pond culture oper-
ations rely on the seasonal availability of natural supplies of fry, there are often short-
ages of stocking material in various countries (Bardach et al., 1972; Chen, 1976). 'I:he
routine, artificial spawning of milkfish via hormone injections has not yet been achieved,
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Mul.let (ama ama} and milkfish (swa) were the priricipal species raised by the
ancient Hawaiians. Although the lacal market for these fish is somewhat limited,
many Asian countries could benefit from culture technology developed in Hawaii.
The culture of moi could produce fish for tha State’s restaurant track or help

stack existing fisheries.

oL
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The female mulier soawns aaty b
quickly fertitire the sggi. (Courtasy of Qceanic Institue.)

ours after hormonal injection. The male (bortom) will

The faxrgrowing mitkfish can
rasch # market weight of X
pound in oniy 8 months
{Courtesy of Qcaanic {nstitute. }

Moi fiave been spawned in suspe nded rat
ericiasures, but routine sucoess in growout
has nat yer been achieved




though progress towards that goal was recently (1977) made in the G
few larvae were produced. Philippines when a
Growout technology. Milkfish are commonly reared in ponds. Botyen type

pond depth are two important factors affecting the growth of pond algae -th ‘Pt. and
food of juvenile and adult fish. tf the pond bottom has a high clay content :m
siderable nitrogen and organic matter, it will supply nutrients for algal growth
priate algal growth develops most abundantly at a water depth of only tour n;)
inches (10 to 15 cm). which is the depth used for fingerling nursery ponds.
require pond depths of approximately 12 to 20 inches (30 to 51 c¢my,

principal
d LN~
Appro-
S1Y
Larger tish

Milkfish ponds are filled gradually to allow for algal growth. Water at o depth of
one to two inches (three to five em) will develop a good mat of blue-green lgae 0
about 15 days. Pond preparation lakes some 30 to 50 days, which means that a pond
can only be used 10 months a year for growing fish. The growth rate is quite rapid, Js
fish reach a length of two to three inches (five to seven cm) in one month. five 1o l.\ix\
inches (12 to 15 cm) in two months, and about 16 inches (400 cm). with a weight of
0.6 to |.1 pounds (250 to 500 g). when they are eight to 10 manths old.

Like mullet, milkfish are often grown in polycuiture, hence stocking densitics and
yields vary considerably from system to system and country to country. Representative
stocking densities for the monoculture of milkfish in Indonesia average about 670
pounds per acre (600 kg/ha), or 800 to 4,000 fingerlings per acre (2,000 ta 10.000
fingerlings per ha). Fish are usuaily harvested at a weight of between 0.7 and 1 %
pounds (300 and 800 g). In ponds enriched with dilute sewage. annual viclds of 3.61K
1bs/acre 45,000 kg/ha) are not uncommon (Bardach etal.. 1972} However, average
yields vary between 36 and S62 Ibsfacre (50 and 500 kg/ha).

In Hawaii. milkfish are polycultured with mullet and other species. The few farmers
raising milkfish are dependent on the natural supply of fingerlings for stocking Produc-
tion is limited because of the inconsistency in the availability of fingerlings.

Market: supply. demand and prices. Like mullet, milkfish play an importat role m
the rural subsistence cconomies of many developing countries. Generally, nulktish ary
not exported from their country ot origi. Fhree of the world's largest producees _nt
milkfish through extensive. pond aquaculture are the Philippines. Indonesia und Tarwan,
In 1973, the Philippines produced ncarly 90.000 metric tons from 391 K14 acres
(158.565 ha) of brackish water ponds. This crop sold for about $O.27 u pound (30,60
kgt {Brown, 1977),

Milkfish are not tound in the Mainland United States. fn Hawail, milkfish have
traditionally been cultured along with mullet in ancient Hawaiian fishponds. [n w(']l."
approximately 193.000 pounds (87,500 kg) of milktish were raised (17 1"9[3"-'“““” r"[,l:i
mullet} in 3,000 acres (1.214 ha) of ponds. Over the period 1960 fo 1970. pond-{]ﬂ;_;;)
milk{ish production varied from 7,700 pounds {3.500 kg, valued at 34»:00_ w.l . d
pounds (4.750 kg) valued at $5.240 (DLNR, 1960 to 1970). A drastic decline 18 £
production has occurred since 1970, with the lowest figure 1o date ovcurning ”_‘ market-
494 pounds (224 keg) valued at $265. Over the same period. 1960 to Lo1a 13;0 t:J
ing of sea-caught milktish varied from 7,270 pounds {3,300 kg) vajued a‘t S] Jeast
16300 pounds (7.400 ke). valued at $4.900. This decline in pond yields is 8t 00
partially blamed on the degradation of the existing pond system BY urt?f‘.n-'m orted from
tural development (Madden and Paulsen, 1977). Frozen milkfish (“bangus”) 1mP
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the Philippines to Hawaii is purchased mainiy by the local Filipino population. This fish 15
usually steamed or fried it a fashion similar to threadfin.

Though no exact figure can be given, it is cstimated that the existing market for
milkfish in Hawaii is probably less than S0,0QD pownds (22,680 ke). Market dev_’elopment
activitics could probably increase Fllis‘vallle sllghtly if. & greater sx_lpp_ly were availuble. ‘
There appear to be no opportuniiies for expur[n}g m1]k1|slll at ‘thls time, hut Fhe tr:‘mxter
of spawning and hatchery technology to developing vouniries for the pmduct‘:on {?f
stocking material is likely once these techniques are perfected. The demund for milk-
fish in Indonesia atone is 20 million finge rlings annually.

Threadfin (11}

Species. The threadfin. or mol (Polydactybus sexfilis). lus been a Hawail favorite
as both a food and sport fish. The aquaculture potential of this indigenous species has
been investigated in Hawaii since 1973 (May. 1976). Techniques for obtaming ol eggs
and for the growout of juveniles to murket size have been demonstruted on g laboratory
seale. However. i considerable research effort will be necessary fo develop an adequate
mass-rearing latchery technology.

Controlled reproduction and hatchery technelogy. Rescarchers at the Hawaii Insti-
wite of Marine Biology demonstrated that mature fish maintained in a suspended net
enclosure will spawn spentuneously. Fges were collected from the net using an airlift
pump. Scientists discovered that rmzor spawned with o well-delined lunar thythm, always
in proximity ta the lust quarter phase of the moon. and that spawning occurred over a
six- ta seven-month period - {rom April or May to October. Furthermore, the fish
spawned at approximately the same time each night. Therefore, an asbundance of mof
epgs For larval rearing could be obtuined without hormone injections by muintuining
broodstock i1 4 net enclosure.

Initial experiments i rearing miof larvae did not prove sucvessful. Among the most
serfons constraints to routine hatchery tearing wus the lack of an adequate knowledge
of Larval and juvenile nutrition (May, 1976) This preblem exists tor many cconomically
importagt marine species around the world.

Growout technology. Mni juveniles, obtained from coustal waters around Hawaii,
were used o lest the growout characteristics of the fish. Growout experiments were
conducted in suspended cages. Stocking density was 15 fish per cubic feot (50 fish
per cubic meter) of water. Water fermperature was about 79°F (26°C).

\ Fooxextils requires animal protein (shrimps and other crustaceal in its diet.
I-urnmu_tcly. the fish readily comsumes artificially prepared dricd feeds. with an excellent
conversion of dietary protein into fish flesh. One group of cxperimental fish grown for
157 duys (fed chopped squid and commerciad trout pellets) increased from 0.2 pound
(8.8 g) to un average of 0.3} pound (142 p). This and other experimenis suggest that a

Tqa;i(ctab]e fish can be produced in cages from fry in approximately 300 days (Muy,
D76},

A preliminary anilysis of the production economics of culturing m20i in cages
shows that the market price and the cost of labor are the two most significant economic
parameters, Thc stocking rate and growth rate are the most significant biological para-
meters affecting the profitability of the system (May. 1978 MS).
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Potential stock enbancement. A study which examined the feasibility of a
commercially-viable natural moi stock enhancement program in Hawail concluded that
such @ program would be possible if rearing costs of $0.05 or less per juvenile could be
achieved (Rao, 1977). However, substantial progress must be made in developing an
adequate hatchery technology for moi. Techniques for spawning and hatching of mof
larvae are available, but routine success in rearing larvae to stocking-sized juvenile fish
has not been achieved.

Market: supply and demand. Threadfin are found in the waters off Madagascar.
Pakistan. India, the Malay archipelago and Johnston Island. Those fish marketed in each
region are from capture fisheries, since the aquaculture of threadfin is not practiced in
these areas.

Mo¢ has long been a prized eating fish in Hawaii. In 1967, a total of 14,000 pounds
(6,350 kg) of fish were sold. Over the period 1972 to 1976, sales declined from 7,000
pounds (3,175 kg} valued at 89,000 to 2,700 pounds (1,225 kg}, valued at $4.000. Over
the same period wholcsale prices increased from $1.29 per pound ($2.84/kg) to $1.93
per pound ($4.25/kg). Unfortunately, no data are availabie on the numbers of mof
landed by recreational fisherman although it is thought by soms to be greater than the .
commercial catch. Preliminary estimates indicate a market potential of 120,000 pounds i
(54,500 kg) annually. 3

In summary, few places outside of Hawaii are familiar with the threadtin and
although the local nmiarket is not well-developed. it has reasonable potential.

Market: product form and prices. 3Mof appeals to a broad spectrum of the Hawaii :
community (Shang, 1977). The fish is usually seld i the fresh. whole torm at retail
prices that range from $2.00 to $2.50 per pound (54.41 10 55.51/'kg). Moi is highly
regarded for its fine., white flesh, good texture with few hones. and is found primarily
in specialty fresh fish markets, though they occasionally appear in supermarkets. The
fish is not carried in restaurants because of the irregular supply. Moi is penerally
considered a substitute tor mullet.

Another use for moi aquaculture could be the rearing and releasing of juveniles
to the natural environment for improvement of the natural fishery (Rao, 19771 A
general economic evaluation of a “model” moi release program indicates that 1 com-
mercially viahle stock enhancement program is possible if rearng costs could be reduced
to $0.05 or less per juvenile, and if one million or more fish could be released annually
(Rag, 1977).

Brine shrimp

Species. Brine shrimp (Artemia safina), a species whose lfe history has been
thoroughiy studied, are found primarily in the highly saline waters of natural salt lakes
and seas around the world (Helfrich, 1973). They are resistant to extremes of temper-
ature (48 to 95°F, or 9 to 35°C) and salinity (5 to 150 ppt) and have a rapid gener
ation time. They can achieve sexual maturity two weeks after hatching, and are able to
produce 40 larvae a day throughout their six months to one year life span. Arremiia
arc herbivores, feeding on single-celled algae. However, such alternative foods as brewer’s
yeast or dried aigae have been utilized successfully in culture operations. Food con- .
version efficiencies are high in comparison to other animals, and Tang¢ between 20 to :
80 percent. Values found in the scientific literature for growth rate and conversion
efficiency vary duc to nutritional ditferences in the foods used.
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Brine shrimp provide a feed for the larvae of numerous organisms, and are
in great demand by researchers, commercial aquaculturists and fish hobhy-

ists. Hawgii‘s brine shrimp farmers are enlarging their facilities for large-
scale production.

isiang Brine Sheimp Company, Campbet! Ingustrial Park, Qshu, Cleaniag, sorting and laboratory
facilities are on the left,

Astro Marine, tne, Efeele, Kauar. Brrne shrimp are rased uvader the house in the background.
Prawns and tilapia are grown in the trenches. {Courtesy of Astro Marone, )




Larval and adelt preduction. Techniques for the intensive cuiture of live adult brine
shrimp are well-known. Larvae and adults can be reared at extremely high densities,
e.g., 2,830 larvae per quart {3,000 per liter) with only a moderate amount of special
treatment (Sorgeloos, 1976). Because of their hardiness and relative ease of culture,
brine shrimp are reared throughout the world as a food for various species raised by
tropical fish hobbyists and experimental and commercial aquaculturists, Hawaii presently
has two live brine shrimp producers—one uses ponds, the other uses an intensive tank
culture.

Egg production. Artemia are one of the few aquatic animals that can produce
encysted or resting eggs (eggs with a touch outer covering). These eggs, which allow
brine shrimp to withstand environmental extremes of temperature. drought, and salinity,
are produced only when the animals are environmentally stressed. Without environmental
stress, a more fragile type of egg is produced. Artemia encysted eggs can be stored for
long periods of time in dry, air-tight containers until they are needed. Methods for
hatching eges in 24 to 48 hours arc simple and censist of adding the eggs to seawater
and bubbling air into the container.

The precise mechanisms controlling the cyst production of Arrentia adults are not
yet known. Most of the world’s commercial supply of encysted eggs presently comes
from a few places where they are harvested from wild populations (e.g.. Great Salt
Lake. Utah: San Francisco Bay: and Saskatchewan, Canada). The quality of Arfemia in
these areas has been seriously affected by urban-industrial pollution. However, supplies
of Artemia eggs from Australia and South America have recently entered the market.
Companies in these areas have seeded naturally-occurring bodies of hypersaline water.
More importantly. intensive controlled cyst production has been achieved in several
places in the world (e.g., Japan) on a laboratory or pilot-scale. A Hawaii-bused consult-
ing firm is attemipting to achieve routine Artentia cyst production in the natural hyper-
saline pond systems at Christmas lsland.

Market: product forms, World, United States and local brine shrimp markets utilize
three product forms: live and frecze dried adults, live nauplii and eggs. All forms are in
great demand in both the tropical aquarium fish industry (the majority} and the com-
mercial aquaculture industry (Sorgeloos, 1976). Producers sell live aduit brine shrimp at
about two weeks old by the cup or quart to pet shops. Retailers, i turn. sell the
shrimp to fish hobbyists by the tablespoon. Artemiz have a red or green pigmentation,
and although there are no nutritional ditfferences between the two., commercial outlels
have indicated a preference for the red variety (Cchlan, 1977: personal communication).
Ereeze-dried flakes have been used by aguarium hobbyists, but this product form has
not been cffective for commercial aquaculture species. 1t has been suggested that brine
shrimp meal coutd be used as substitute for fish meal in livestock diets {Ralston-Purina
Company, 1977 personal communication).

Eges and live nauplii are utilized extensively in such commercial aquaculture
operations as freshwater prawn hatcheries and aquarium fish raising. The epgs are simple
to store for several years and require a minimum of time and equipment to hatch into
nauplii. Typically, eggs ate sold in vacuum-packed gallon tins. though a variety of
smallersized containers are available. The gallon containers are generally sold wholesale
to large users, often through a manufacturer’s agent of franchise. Retail outlets prefer
smaller sizes of up to one-tenth of an ounce (2.8 g).

Market: supply. demand and prices. It is estimated that the annual U.S. volume of
live adults is 0.25 to 1.0 million quarts. At Mainland prices of 36 per cup, the
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wholesale value of this market is estimated to be $1.5 to $6.0 million (Cohlan, personal
communication, 1977). Helfrich (1973) placed the annual world demand for eggs at
40,000 to 50,000 gallons. Furthermore, he has calculated the consumption of brine
shrimp eggs—largely by aquarium hobbyists in the U.S., Japan and Europe-at about
14,000 gallons annually. Shortages, together with the reduced quality of eges (i.e., poor
hatchability), have created z large demand for good quality eggs. The price for Grade

A eggs hag risen from $40 - 550 to $70 or more a gullon in the past year. Recent
discoveries of new sources of wild, harvestable brine shrimp eges and an increase in the
number of live adult brine shrimp producers around the world may result in a future
reduction in prices.

In Hawaii, only a limited amount of information is available on the brine shrimp
market., Egg utilization in 1976 was estimated from personal interviews to be 425
gallons. At $20 to $40 per gallon, the dollar value of the eggs ranges between $8,500
and $17.000. Live, adult brine shrimp retailers estimate sales {largely to hobbyists) at
4,300 cups with a retail value {at $ 50 per tablespoon) of $34,500. Approximately 500
pounds (227 kg) of brine shrimp meal, valued at $13,000 (3526 per pound or $57.32/
kg), was also sold in Hawaii in 1976. Estimated total sales for all product forms for
1976 was 364,500, It appears that the largest user in Hawaii (about half of the total)
is the Prawn Aquacuiture Program of the Anuenue Fisheries Research Center.

Indications are that the world, U.S. and Hawaii demand for Artemia in the tropical
fish industry and the burgeoning aquaculture industry will continue to increase. This
demand is particularly strong for eggs and live adults. In Hawaii, it appears that the
most important market segment may be aquaculture. Presently, Hawaii has two live
adult producers supplying several pet stores. Although there are no egg producers in
the lslands, a potential new source is being developed at Christmas Island in the Gilbert-
Ellis Islands (Corbin, 1976 Allan Cattell, persenal communication, 1978).

Limpet (Opihi)

Species. There do not appear to be any operations that are culturing limpets for
good or natural stock enhancement. In Hawaii, two of the four species of limpets
(Archaeogastropod molluscs) in the State are being considered for commercial aqua-
culture development. These two species, the blackfoot (Cellana exarata) and the yellow-
foot (Cellana sandwicensis}, are not found anywhere else in the world.

Natural ecology. Comprehensive research on the biology and ecology of several
endemic limpets {(opiki) has determined the resource status of wild populations in
Hawaii. Further studies suggest that the aquaculture of opiii may be biologically and
economically feasible (Kay and Magruder, 1977). Both the blackfoot and vellowfoot
species are herbivores, that is, they feed on macroalgae which grows on the rocky
surfaces of the coastal zone. Furthermore, both species show rapid shell growth in the
field, increasing in length from .16 to .20 inch (four to five mm) a month up to a

- length of about .8 inch (20 mm) when they begin to mature. Growth rates then
decrease to about .08 to .12 inch {two to three mm) per month until the shells are
at least two inches (50 mm).

Both species appear to be capable of spawning throughout the year, but settlement
of spat (young opihi) on rocky surfaces is most pronounced during January to June
and in November and December. Fertilization occurs externally in the surround seawater,
and the larvae seitle in two to four days as spat. Animals appear to live no more than
one year.
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An 8-day old opihi farva grazes on micrascopic
algae (mayg. 200x). The sdult shel! is beginning to
grow Fromm the {ip of the protocanch fshedil.
(Courtesy of Gladys Casambra.)

A researcher sections juvenile and aduit
opihi gorady in order tg determine the
breeding potential at di Herent seasons.
This study will anhance the success of
artificial breeding rechnigques.
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Although its marketability would
most likely be restricted te Hawaii,
opihi is an excellent source of
protein and could replenish severely
depleted natural stocks.
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Aquculture potential. Many biological characteristics of opifii suggest it may have
good aguaculture potential. If reared to 2 marketable size of !.25 inch (30 mm) sheil
length, the growing period would be approximately eight to nine months. The animal
feeds low on the food chain (on macroalgae), which is the most energy-efficient feeding
mode. The larval development period is short and requires little food. Preliminary
research at the University of Hawaii is atiempting to determine a means of artificially
stimulating spawning of the limpets and raising the larvae through metamoerphosis from
the free swimming stage to settlement (see Appendix D).

Market: supply and demand. The limpets of the fumily Pafellidae are distributed
in coastal waters around the world, but it appears there is no extensive exploitation of
this food resource (Bardach et al., 1972). However, local representatives of the family
have been 2 staple in the diet of the Hawaiian peopie for hundreds of years. At the
turn of the century, annual consumption was estimated at 150,000 pounds (64,040 kg}.
In recent years, the market for opilii (mainly two species Cellang cvarata, the black-
foot, and Celluna sandwicensis, the yellowfoot} has averaged 18,000 pounds (8.165 kel
The recent decline in the consumption of opihi is attributed 1o overharvesting of
natural stocks. the sole supply (Kay and Magruder, 1677). .

The 1976 market value for the 12,830 pounds (5,820 kg) of whole anirnal sold
was approximately $25,000." Preliminary market calculations based on a modest
acceptance of oprhi as an alternative seafood indicate a potential market of 60,000
pounds (27,200 kg) with a wholesale value of $1350,000. Because of its rather distinc-
tive taste, a further expansion of the market in Hawaii and elsewhere would require
extensive market promotion and product diversification. In short, extensive consumption
of limpets (opihi} is a local taste phenomenon and development of out-of-Stale markets
appears to have limited potential

The characteristics of the opfhi recreational fishery are not weli known, although
this fishery may 2qual or be greater than the commercial fishery. Opportunitics may
exist in Hawaii for natural stock enhancement programs once routine culture methods
become available.

Market: product forms and prices. Opihi are most frequently eaten, usually raw, by
long-time residents of Hawaii. The meat is described as having a strong fishy taste and
odor. Asian and Pacific Basin tmmigrants have been quick to acquire a taste for this
product, perhaps because of their familiarity with eating raw seafood. Reactions from
Mainland tourists to opihi have penerally been unfavorable.

The traditional product form for opihi is fresh, in-shell, and raw. It is most often
served in homes as an appetizer or side dish, Other forms are frozen, slated or shucked
in quart- or galionsized containers—the most popular form for luaus and wedding
receptions. The frozen form is popular with caterers because the product can be stored
for up to a year without affecting quality. Caterers usually provide servings of approxi-
mately one-fourth ounce (7 g), or three to eight opihi meats, depending on the size of
the animal. Opihi meat can also be served broiled, in soups or pickled, often in combi-
nation with seaweed.

“This total does not include the volume supplied by the recreational fishery,
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Opihi are sold in supermarkets in packages of about a pound {0.4536 kg). Caterers
purchase shucked opihi by the gallon (3.8. 1) and use them only when they are speci-
fically requested because of their cost.

Over the period 1972 to 1976, the wholesale value for in-shelt opili rose from
$1.03 to $1.95 per pound (32.27 to 34.30/kg) (DLNR, 1972 to 1976), largely due to
a decrease in supply. In recent years, opihi has sold at a retail price of $2.50 to $3.00
per pound ($5.51 to $6.61/kg) in-shell.

Major Constraints and Recommended Actions

Culture. All marine species in this section have major constraints to cornmercial
development. The expansion of mullet and milkfish farming in Hawaii has been limited,
in part, by a lack of adequate supplies of juveniles for stocking commercial ponds.
Generally, farmess are dependent on the natural supply of juveniles. In recent years,
mullet fingerlings have been available only periodically from the research work at the
Oceanic Institute, but the Institute has now developed a laboratory-scale hatchery tech-
nology for mullet juvenile production. Research into the controlled production of milk-
fish juveniles is under way at O.I. under Federal funding, and numerous technical
problems need to be solved.

Research conducted at the UH Hawaii Institute  of Marine Biology has demon-
strated that the threadfin or moi can be easily spawned in suspended net enclosures.
However, several technical problems need to be solved in order to achieve routine larval
rearing with high survival. Although much information has been collected concerning the
biology and ecology of Hawaii’s economically important limpets (opihi), there is little
information that describes the spawning and growth performance of opifhi under con-
trolled culture conditions. Controlled reproduction and the nutrition of juveniles appear
to be the major obstacles to culture. The major constraint to fulfilling local and world
demand for brine shrimp is the development of controlled egg production. Around the
world, research teams are addressing this problem, and new wild sources of harvestable
eggs are being developed in various countries, e.g., Argentina and Australia.

State matching funds for the construction of a pilot-scale finfish hatchery at the
Oceanic [nstitute were recently released. Initially, this facility will perfect mullet hatchery
technology and, in the process, provide mullet juveniles for commercial farmers and for
testing as a tuna baitfish. Future applications for the portion of the facility under
State jurisdiction include investigations of the biotechnical problems (reproduction and
larval rearing) which are precluding culture of the milkfish, moi and opihi. The develop-
ment of hatchery technologies for these species could lead to commercial aquaculture
and/or natural stock enhancement programs. Interdisciplinary approaches and coopera-
tive programs are essential for these efforts. The possibility of future support will depend
on the resources available. Decisions to commit funds to the solution of these problems
should be based on a cost/benefit analysis. The cost is about the same for developing
a species with a $50,000 annual market as for a species with a $50 million market.
However, the benefits from natural stock enhancement should not be overlooked.

In the case of Artemia, the State should monitor research developments for egg
production and when a viable technology is perfected, encourage private interests to
transfer the technology to Hawaii. In addition, encouragement should be given to those
entrepreneurs who are raising live adults and nauplii.
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Market. Mullet, milkfish, sroi and opihi appear to have little potential for developing
export markets, However, these species have local markets, which are presently supplied
¢ither by frozen impoits or local capture fisheries. Brine shrimp have little potential
for export, except in the form of eggs, which when vacuum-packaged. have a continually
growing worldwide demand.

1t is important to demonstrate the economic feasibility of the semi-intensive pond
or cage culture of mullet, milkfish, and moi in Hawai, Culture systems for opihi—yet to
e designed - must prove to he economically sound.

Economic Projections

The economic projections found in Table 18 represent the combined production,
employment and revenues from the culture of mullet, threadfin {snod). limpet (opihi),
milkfish und brine shrimp. Fach of these species is affected by significant market and;or
techuological constraints. For example, moi, mullet, opilti and milkfish are all local
favorites which appear to have no export potential at this time. Live adult brine shrimp
aso appest to be limited to a local market. There also appear to be major technological
constrames to the culture and reproduction of brine shrimp eggs and moi, opifii and
mullet juveniles. For these reasons, a conservative assumption would be that production
of these species will be limited to the amount which can he locatly consumed. The
relatively low commercial growth rates reflected in the table assume the solution of tech-
nological problems prior to commercialization. followed by gradual expansion of the
local market.

Table 18. Projected Production. Employment and Revenues from thie Culture
of Marine Finfish and Miscellaneous Marine Species in Hawaii
1978 to 2000

___Production Employment Wholesale
Year Yield [ | Direct Indirect Tatal Revenues
{1000 Ibs): Acres? fobs® Jobs* Jobs  © (1000s of 1978 8 )°
i _

9788 20 ‘ 7 t 2 3 $ 40
960 a0 14 2 4 6 80
16RS e 34 4 7 1 200
1990 : 400 i 134 14 24 3% E 200
1595 | 700 ' 234 24 41 65 1,400
2000 ‘ 1.000 1 334 34 58 92 2,000

Assumprions:
Y neludes mullet, mold, opilti, wilkfish and brine shrimp. Production levels limited by local market and
technology, Average vields estimated at 3,000 pounds/acre/year.
* Represents surface acreage of impounded water. Farm size will be considerably larger.
*Approximalely 1 direct job per 10 acres.
*Approximuately 1.7 indirect jobs per direct job.

*Wholesale values range from $1.00 to more than 310.00 per pound. Average price of $2.00/pound
used.

£ Mullet. mitkfish and brine shrimp produced. Opifif being studied for culture.
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Marine Shrimp
State-of-the-art for Culture

Species. There are 318 recognized species of penaeid shrimp throughout the world,
of which approximately 80 species are either being exploited by the capture fishing
industry or by aguaculture (Motoh, 1977). At least five economically important species
give preliminary indications of being suitable for aguaculture in Hawaii. These species
are the Japanese tiger prawn (Penaeus japonicus), the white shrimp (P. vannamei), the
blue shrimp (P. stylirostris), the giant tiger prawn (. monodon), and another blue
shrimp (P. schmitti). None of the species listed above occurs naturally in Hawaiian
waters. The single indigenous Hawaiian species, P. marginatus, does not appear amenable
to culture. This conclusian is based on intensive culture studies from 1970 te 1975 at
the Hawaii Institute of Marine Biology {Corhin, 1976).

Coatrolled reproduction. Closing the life cycles of economically important shrimp
species has been achieved on a laboratory scale in many instances, but not on a practi-
cal commercial scale {Hanson and Goodwin, 1977). Predictable supplies of stocking
materiat are essential to commercial aquaculture ventures, particularly in Hawaii where
natural stocks of the five species listed above do not exist. Presently, gravid female
shrimp {shrimp with eggs) are obtained from the wild using fishing boats. This arrange-
ment is extremely costly, although it can be the basis for a commercially viable agqua-
culture operation if culture operations are located near supplies of wild shrimp.

World research efforts to mature, mate and spawn shrimp in captivity take two
basic approaches: (1) biochemical manipulation of the fernale shrimp in the laboratory,
and (2) nutritional and environmental manipulation of femajes in large tanks or ponds
(Neal, 1976). A third method, eye ablation, or pinching off of cne or both eye stalks
to induce maturation, is generally considered a less viable technique although refine-
ment of ablation procedures continues and some feel it may have certain application in
a commercial operation (Hanson and Goodwin, 1977). Male shrimp mature in captivity
with greater frequency than female shrimp, and there has usually been no problem in
achieving mating.

Environmental and nutritional requirements necessary to induce spawning vary from
species to species. The species under consideration generally perform best in brackish
to full strength seawater at temperatures of 77° to 82°F (25° to 28°C). All penaeid
shrimp are highly fecund animals, that is, they spawn a large quantity of eggs. Depend-
ing on the species, age and size of the female, anywhere from 30,000 to one million
eggs may be produced at one time. Hatching success of 80 to 90 percent has been
obtained regularly with some species.

Hatchery technology. Penaeid shrimp grow through several life stages before they
become post-larvae or juveniles, capable of being stocked in ponds. The time for various
species to develop into post-larvae generally varies between nine and 30 days. Each
stage of early development may require a specific size and type of food.

Two basic hatchery systems (variously modified) are utilized extensively in marine
shrimp research and culture today: (1} the “Japanese” or “Fujinaga™ system, which was
developed for culturing the kuruma prawn, Penaeus japoricus, and (2) the “Galveston”
system, which was originally developed for culturing native Gulf of Mexico species.
Biotechnically, both systems have proven reliable with survival rates of 50 to 70 percent
being routinely achieved. The feeding regimes employed include pure culture of diatoms,
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: ; itjes the end of the rearing period

i fers and Artemid. Densities at _ may be
lweh?gr;dafsrolz,,e;l 1;‘;’_:}2: per gallon (33 larvae/liter). Adequate aeration and food concen-
as 2 e

tration are extremely important at these densities.

i i e been commercially cultured extensi
ut technology. Marine shrimp have nsively
with ?;E:;d management in Southeast Asian f:lSh ponds for thousands Qf years (Bardach
et al.. 1972). Stocking material has been obtained from the natural environment, and
yield; of 346 to 900 pounds per acre (300 to 800 kg/ha) have been reported.

Modern day semi-intensive shrimp culture utilizes a combination of nursery and
growout ponds. Nursery ponds are generally 1e§s than an acre (0.4 ha) and stocking
densities vary widely from operation to operation. Post-larvae feed on the natural pro-
ductivity of the pond, as well as suppigmenta! rations. Formu]ateq pelleted ff:eds are
favored by operations in Central America, while Japanese companies favor minced
clams and trash fish. Generally, post-larvae are reared for one month te about | to 3
gram juveniles before they arc transferred to larger growout ponds.

Semi-intensive growout ponds range in size from one to 20 acres (0.4 to 8.1
hectares) and from one to three feet (0.3 to 0.9 meter) in depth. Ambient temperatures
of between 79° and 86°F (26° and 30°C) are favorable for growth for most penaeids.
Some operations attempt to optimize natural pond productivity through fertilization of
the pond with commercial plant fertilizers. Supplemental feeding of pelleted rations (20
to 50 percent crude protein) is usmally carried out. In Japan, P. japonicus is fed minced
clams and trash fish—an economically feasible procedure because of the high market
prices for the product. Survival is commonly between 30 and 75 percent in effective
pond culture operations (Hanson and Goodwin. 1977). Annual vields of between 2,008
to 4,000 pounds per acre (1,780 to 3,560 kg/ha} have been obtained in some Central
American operations, such as those in Costa Rica and Panama (Hanson and Goodwin,
1977). Certain Japanese companies have reportedly achieved annual yields of between
5,000 to 7,000 pounds per acre (4,450 to 6.230 kg/ha) with P. japonicus.

Intensive shrimp culture techniques using raceways and tanks are being developed
at various research locations in Japan, the U.S., and Tahiti. The purpose of these tech-
niques is to achieve econemy of production by rearing a greater quantity of better
quality animals in less time and space (Hanson and GGoodwin. 1977y, Optimum preduc-
tion of 40,000 to 60,000 pounds of whole animals per surface acre per year (35,600
to 53,400 kg/ha/yr) are envisicned for the experimental raceways being devefoped by
the University of Arizona.

Market Characteristics and Opportunities

~ Supply and demand. Worldwide, over 2.7 billion pounds {1.224.720 mt) of shrimp
(live weight) were caught and consumed in 1975 (Living Marine Resources, 1977).
"fogeth_cr, the United States and Japan accounted for 70 percent of the total consump
tion with India, Thailand, Pakistan and Mexico representing the other major consumers.
The’world’s largest shrimp producing country is India. followed by the United States,
Thailand, Mexico, Japan and Indonesia.

The total U.S. shrimp supply, including imports, increased to 514.6 million pounds
(233,423 m) (heads off) in 1976, with steadily rising wholesale prices indicating 2
gontmued high demand (U.S._Deparlment of Commerce. 1977). Approximately 60 Fo

0 percent of U.S, consumption is imported. In 1976, the U.S. imported 80.4 milliet
pounds (36,470 mt) (fresh weight) from Mexico. 41.6 million pounds (18,870 m)



pow being tested Pandeus iaponicus. New shrimp hatchery at the Oceanic institute

Marine shrimp culture represents a major
economic opportunity for Hawaii because

of an abundance of seawater, the avail-

ability of sites, and a tremendous world-

wide market. Before marine shrimp can i
bhe commercially cultured, the most suit-

able species for Hawaii must be selected,

and reproduction in captivity must be

achieved.

te include four growout ponds and twno nows

Marina shrimp facilities in this drawing of the Oeeanic Instity
of tanks in the forground. {Courtesy of Oceanic Institure.)
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from India and 1.6 million pounds (5.262 mb from Panama. The U.S. exports fresh
and frozen shrimp to Canada. Mexico, Japan and Sweden. Much of the shomp sent
to Mexico is processed and returned,

Hawaii’s consumption of shrimp in 1976 was estimated at 2.4 million pounds
(1.089 mt), nearly all of which was imported from cither foreign or domestic sources.
Foreign sources. in addition to Mexice. who have captured the lurgest share of the
market include Australia, New Zealund. Taiwan and the Philippines, Foreign imports
have recently declined to approximately one-third of the total Hawun consumption.
This shift has been attributed to competition from more profitable markets,

Product forms. Fresh and frozen shrimp aceount tor approximately 91 percent
of the tatal amount of shrimp processed in the United States. These are seld in
whole, headless. peeled. raw, vooked. breaded. and specialty forms. Peeled-raw and
peeled-deveined, which require a minimum of processing, are most widely sold and
would probabiy be the forms produced by aquaculture vperations. Cunned shrimp account
for the remaining nine percent of processed production (US. Department of Commerce,
1976).

Much of the popularity of shrimp can be attributed to the wide variety of forms
and sizes wlich offer consumers a certain amount of [lexibility in plunning meals.
Larger shrimp tails (numbering 15 and under to the pound or 33 to the kilogram) are
generally used as an entrée item, Mediumesized tails t(numbering 15 to 30 to the pound
or 33 to 66 to the kilogram) are used in main dishes, and the small shrimp (numbering
30 to 50 or more to the pound or 66 to 110 or more to the kilogram) are widely
used in cocktails, soups. creoles and in canning.,

Prices. Prives for marine shrimp are refated to the size of the animal and the
degree of processing. The larger the shrimp. the higher the price. and the more proces-
sing required. the greater the velue,  Prices for shnimp of all forms have inereased in
recent years. For example, Chicago prices for 26 to 30 coum per pound (57 to 66/kg)
shrimp, heads on. increased from $1.89 to $3.69 per pound (34.17 1o $8.13/kg) over
the period 1972 to 1Y76. In June, 1977, representative Mainland prices for under 15
count (337/kg). shell on. headless were hetween $5.70 and 5580 per pound (312.37 and
$12.79/kg). and for 26 to 30 count (57 to 66/kg). $4.50 to $4.75 per pound (§9.92
to $10.47/kg). Cocktail shrimp. 70 to 80 count (154 to 176 kg) were between $2.00
and $2.50 per pound (54,41 and $5.51/ka)

In Hawaii, shomp prices are generatly $0.18 to $0.20 per pound (5040 to $0.44/
kg} higher than on the Mainland due to handling. holding and transportation costs.
Under 15 count (33/kg) shell on. headless shrimp were approximatety $5.33 per pound
($11.75/kg) in 1977, and 26 to 30 count (57 to 606/kg) shrimp of the same type were
approximately $4.28 per pound (39.44/kg).

Processing and distribution. A sophisticated marine shrimp distribution and matketing
system has developed from the continuous supply produced by capture fisheries, and the
inception of freezing techniques which give wh olesalers and retailers the ability to main-
tain large inventorics. Frozen shrimp can be purchased in a waricty of package sizes,
ranging from one to 10 pounds (0.5 to 4.5/kg). depending on the type of processing.
Both fresh and frozen shrimp are graded on the basis of flavor, odor, deterioration,
uniformity in size. texture and freedom from defects. US. grades A to “C"" and
“substandard™ are used.



Fresh and frozen shrimp are sold to both institutions and commercial ret;
Inasmuch as fresh shrimp have a shert shelf-life, essentially afl shrimp are fro .
previously frozen and thawed. Institutions, consisting mainly of restaurang, dsz
hotels, and military commissaries, purchase approximately 80 percent of tlye s‘l
Retail stores and supermarkets account for the remaining 20 percent. )

il outheys.
n or
ve-ans,

upply.

Shrimp appeals to a broad spectrum of consumers, suggesting further expansio
the snarket could occur with sufficient promotion. ston of

Market factors. The following market factors play an important role in ENCOuTy gy
the culture of marine shrimp: (1) the large size of the existing market, (2) the lamcﬂmg
Mainland and Hawaii dependence on imports, (3) the current high prices commanded
by marine shrimp products, (4) the expanding markets for marine shrimp in Japan and
Europe, and (5) potential decreases in the supply from capture fisheries due to over-
fishing, pollution of nearshore spawning grounds and/or the enactment of the 200-mile
economic zones which would limit fishing by highly efficient foreign vessels,

Major Constraints and Recommended Actions

Culture. Because Hawaii does not have indigenous stocks of species suitable for
culture, candidate species will have to be imported. Due to the biologicat and technical
problems and the time and distances involved in transporting gravid females or stocking
material to Hawaii, it is most likely that the local commercialization of marine shrunp
will be based on the routine muaturation, mating and spawning of shrimp in Hawaii.

Routine reproduction has not been achieved on a commercial scale anywhere in the
world to date, but the achievement of controlled reproduction of penaeid shrimp is une
of the highest priority research areas in aquaculture today and a major breakthrowugh
appears imminent. Hawaii’s research and commercial sectors must keep informed of
publicly-sponsored research efforts to insure the early transfer of rtesults.

It is important to select the species which grow best under Hawaii conditions,
There are five prime candidate species of penaeid shrimp (mentioned earlier) that should
be evaluated in pond growout tests. Once the best animal(s) is selected, research to
mature, mate and spawn the shrimp should be undertaken. Currently, two approdches o
controlling reproduction appear most promising: biochemical control and environmertal
manipulation. A full-scale demonstration of the economic feasibility of shrimp fufl'ﬂmtl
in Hawaii can be conducted after the appropriate species are selected and stocking
material becomes available through controlled reproduction.

the Oceanic Institute,
performance evaluations
etermine which speaes

Work on penaeid shrimp culture is currently under way at
Initia) efforts are focused on preliminary, bioeconomic growout
of P. japonicus, P. vannamei, P. stylirostris and P. monodon 1o d e
perform best under Hawaii conditions. This will be followed by attempts to achieve tul
routine reproduction using both the previously described biochemical and fﬂ“f‘f‘“'_".en 4
approaches. This developmental research is jointly sponsored by the Stute of Hawai.
Oceanic Institute, Office of Sea Grant and private sources (se€ Appendix D}

Market. Once marine shrimp farming becomes a reality in Hawaii, the _subi::il:mo“
of locally grown animals for imports can be anticipated. Key factors affecting ¢ and
development will be the competitive prices of foreign and domestic WIIQ-GE?B}.‘m"y
aquacultured shrimp, and the production costs of the local product [t is gene
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assumed that the adoption of 200-mile fishing zones by many nations of the world will
cause 4 reduction of supply and an increase in prices for capture fisheries products.
This would place aquacultured shrimp in a more competitive sales position. It is

further anticipated that increases in the world production of aguacultured shrimp will
come from developing countries or countries with non-restrictive environmental regula-
tions and inexpensive labor because such a situation contributes to low-cost shrimp
production. Locally grown shrimp can substitute for foreign and domestic imports, if
State research and development activities reduce production costs to appropriate levels.

Furthermore, if Hawaii-grown shrimp enter the forcign and domestic export markets,
special institutional considerations, such as tax breaks, as well as innovative business
strategies may be needed. These may take the form of the vertical integration of pro-
duction, or special back-haul rates for ships and planes returning o another State or
country only partially full. The State should support and encourage the development
of such strategies.

Economic Projections

As previously mentioned, marine shrimp face several hiotechnical constraints which
must be solved before commercial culture can become a reality in Hawaii. As such, the
projections indicated in Table 19 below assume no production over the next five to
seven years beyond currently envisioned pilot demonstration tests. It is assumed that
the reproduction problem will be solved within the next three years and the practical,
largescale rearing of larvae from animals reared in captivity will be achieved within five
years. Since various culture systems are widely practiced throughout the world, it is
further assumed that any technology adaptation for Hawaii conditions would proceed
rapidly during this initial five-year period. Thereafter, rapid commercial expansion is
anticipated.

Table 19. Projected Production, Employment and Revenues from the Culture
Marine Shrimp in Hawaii: 1978 to 2000

Production Employment Wholesale
Yexr Yield Direct Indirect |  Total Revenues
{1000 Ibs)* Acres’ Jobs? Jabs* Jobs (1000s of 1978 §)
19784 - - - - - -
t9R0" & 23 ! 2 3 5 26
1985 35 10.0 1 2 3 114
1990 R75 2500 25 63 88 2.844
1995 » 4375 1.250.0 125 313 438 14,219
2000v 21,875 £,250.0 625 1,563 2,188 71,04
Assumptions:

1Production yields estimated at 3,500 pound/ acrefyear.

1 Represents surface acies of impounded water. Farm size is considerably larger.

1 Approximately one direct job per 1Q acres. ‘ o

*+ Approximately 1.7 indirect jobs per direct jobs until processing begins in 1990. Thereafter, 2.5
indizect jobs per direct job.

Wholesale price $3.25 per pound, whole weight.

Performance evaluation program begins.

* Development program begins with first commercial demonstration.

* Track record established. Expansion proceeds.

* Processing and expart begins.
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Oysrers and Clims

State-of-the-art for Culture

Species. A number of bivalve mollusc species (oysters and clams) are
grown throughout the world using both extensive and intensive systems. Amo
frequently cultured oysters are the flat oyster (Ostrea edulis), the Pacific Uy:ln_g the 1mnost
(Crassostrea gigas) and the American oyster (C. virginica). At the present lit;]:r

presently

of the economically important clam species are harvested from natyural stocks Hl:::st
several types have been cultured, principally the asari (Tapes japonica) and l‘hve quaﬁ“‘f-
g

or hard clam (Mercenaria mercenarial.

Those cultured bivalve species generally inhabit coastal or brackish water environ
ments. After spending a few days to a few weeks in a free swimming larval stage yo;.m
oysters attach themselves to hard substrates, while clams bury themselves in sand or B
mud bottoms. Both oysters and clams are filter feeders: that is, they remove particulate
organic matter and microscopic algae from the surround water by an internal filtering
apparatus. This mode of fecding can cause shelifish to concentrate pathogens and toxijc
substances if they are present in the water or food material. Spawning times for hoth
groups show a high degree of dependence on water tempetatures, with spawning initiated
when water temperatures warm to a certain level. Oysters, under natural environmiental
conditions, may take scveral years to attain market size. However, this time may be
reduced to one year if temperatures and feeding ¢onditions are optimal (Bardach et al.,
1972).

Hatchery technology. Controlled spawning and hatchery methods for the production
of seed oysters and clams are well established. Government and commerciai oyster and
clam hatcheries utilize similar techniques (Bardach et al., 1972). In the case of oysters,
broodstock (e.g., C virginica) are maintsined in the hatchery at 50°F (10°C) until they
are needed for spawning. In order to condition the broodstock for spawning. the temper-
ature of the adults, paired in glass trays. is slowly raised to 64°F (18°CY ar mose for a
period of two to four weeks. The temperature is then raised to 77°F (25°0) to initate
spawning. These techniques allow controlled year-round preduction of oyster and clam
seed.

Mewly hatched larvae are transferred to rearing tanks. Oyster larvue are fed
microscopic algae (phytoplankton). Some hatcheries prefer feeding pure algal '_'-'UltU“i‘-*
(one species), while others prefer scparating out the naturally-occurring algae n seawated
by centrifugation. Both oyster and clam larvae become bottom-living juveniles after
about 10 to 15 days, depending on species and water temperature. Some hutt‘hefles
provide culch—material consisting of adult oyster shells, rocks, etc.- on which the
oyster larvae can settle. Recenily, however, “culchless” ot “free’” spat (settled _oyswﬁl
have been produced by providing screens or sheets of metal for more ¢vonomk trans-
porting and handling (Bardach et al, 1972). Several commercial hatcheries on the
Mainland can now provide seed stock on demand to various locations around the
world.

Growout technology. Growout techniques for oysters and clams range from s::rdlﬂﬂ
natural beds in coastal waters to intensive land-based systems. Seeding nat?ml ot?:-::m
beds in coastal waters is practiced extensively in Japan. The seed comes enhe;r "
hatcheries (as described above) or is collected from coastal habitats where 12 uzival
reproduction occurs, thereby thinning the natural population and m;,:{casms Su{echniqucs
Seed oysters are cultured to market size in Japan using “off-bottom culture

; 3 iejds from
which suspend many animais from rafts and/or lines (Bardach et al., 1972 Yie
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; - i intensive land-based oyster farming is taki
The first commercial demonstration of in C g ing
place in Hawaii, and experiments are under way to fi?tGrmlne the mast suitable
clam species for culture in the State. There are significant export opportunities

for both oystars and clams if production costs are not prohibitive.

PN A% B I WS Rt S S -t )

Hawaii’s oysters. anfy nine months from seed
ta market

Oysters at Kahuku Seafood Pilantation, Kehuku,
Qabu, are grown in stacked trays in long race-
ways. (Courtesy of Kahuku Seafood Plantation. )

inspecting oysters at Aquatic Farms, Lid,
Hakipuu, Qahu. Phytoplankton feedstock
anters the flume from the distribution pipe
{left). (Courtesy of Agquatic Farms, Lid ]
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this raft and long-line culture can be as high as 29,200 Ibsfacre/yr (26,000 kg/ha/yr) of
shelled meat.

In the Mainland United Stat_es, oyster seed (attached to a substrate) is distributed
onto beds in coastal waters. Typical yields from this “on-bottom” culture technigue
are between 10 to 110 lbsfacre/yr (10 to 100 kg/ha/yr) of shelled meat with no active

management and 5,620 Ibsfacrefyr (5,000 kg/hafyr) of shelled meat with management,
ie., thinning, predator control, etc.

Private interests in Hawaii are attempting to demonstrate the economic feasibility
of the technology-intensive, land-based culture of oysters and clams. This system,
practiced by the Kahuku Seafood Plantation and Aquatic Farms, Ltd., is based on the
slujce or raceway culture of oysters in trays supported by the production of food algae
in ponds. Under Hawaii conditions, market size can be attained in seven to nine
months. Preliminary calculations for an intensive system similar to the ones undergoing
demonstration in Hawaii indicate that 21,650 pounds (9,820 kg) of oyster meat could
be harvested per algal production acre per year.

Clam seed is collected from densely concentrated natural sand or mud bottom beds,
or produced by hatcheries. The culture of clams in trays is being carried out in various
places around the U.S. (including Hawaii) but the principal method of clam culture is
still “on-bottom.”

Market Characteristics and Opportunities

Supply and dernand. There is an established market for oyster products on a world,
national and local basis. In 1975, worldwide oyster consumption was 770,000 metric
tons round weight. The United States consumed about 60 percent of this figure or
about 454,000 metric tons (Glude, 1976).'S Annual local consumption in Hawaii for
the years 1972-1975 ranged between 500,000 and 550,000 pounds {226,800 and
249,480 kg). In 1976, consumption dropped by 21 percent to 435,000 pounds (197,300
kg), alt of which was imported [foreign imports were 294 600 pounds (133,630 kg}, and
domestic imports were 140,000 pounds (63,500 kg)l.

The demand for oysters in the United States has stabilized despite increases in the
population. Expanding the market for oysters will require improvements in product
forms, year-round availability, quality control, and market development activities pri-
marily by the industry itself (Glude, 1976).

World and Mainland supplies of clams are generally dependent on harvesting natural
stocks. World production is dominated by Japan and the United States, which combined
to account for 80 percent of the total world clam landings in 1972. Japanese produc-
tion fluctuated between 673 million and 582 mullion pounds (305,273 and 263,995 mt),
rfound weight, between the years 1965 and 1972, U.S. clam production, however,
ranged between 80 million and 125 million pounds (36,290 and 56,700 mt) from 1969
to 1974 (USDOC, 1975).

Japan and the U.S, are also the major world consumers of clams. In 1972, Japanese
consumption reached $68 million pounds (257,645 mt) while the U.S. total was 503

s 317,800 tons resuited from domestic production, and 136,200 tons was imported.
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million pounds (228,160 mt). US. per capita clam consumption rtanks third in the
world at 2.4} pounds per person per vear (1.09 kg/person/yr), behind Japan [5.36
pounds (2.43 kg)] and Malaysia {6.01 pounds (.73 kg)].

The outlook for Mainland domestic iandings of clams suggests substantial export
markets may exist. Landings of several economically important species have declined
recently due to natural and man-made stresses on nearshore chm habitats. Furthermore,
if a large Hawaii supply of clams could be available on a yearround basis, a local
processing plant may be needed. Such activities would not only provide employment,
but reduce the possibility of saturating the local market.

Product forms and distribution. Oysters are sold in fresh, frozen and processed
forms. Fresh and frozen oyster products, which make up the largest portion of saies,
can be found raw in the shell, shucked and placed on the half-shell, and frozen.
Processing is generally for the steamed, canned or shucked, breaded and frozen {orms.
Substantial numbers of oysters are used in soups, chowders and stews.

The largest segment (about 70 percent) of the Hawaii oyster market is the
restaurant trade {Faison, 1977 MS). The most popular form sold is {resh oysters on the
half-shell for appetizers. Frozen breaded forms are usually deep-fried and served as an
entrée item. Home consumers, who account for about 30 percent of local sales, prefer
the fresh in-sheli and shucked forms. Approximately 40 percent of Qahu’s population
consumes oysters annually (Faison, 1977 MS).

Clams are available to the consumer in a wide variety of forms. Fresh or frozen
forms may be sold in-shell or shucked. Trozen forms may also be sold as specialty
items -breaded, raw or cooked, strips, stuffed, deviled or in cakes, patties. burgers,
croquettes or sticks. Clams may also be processed into cocktails, chowders, and juices,
and are also available as animal food, and used as bait. The most popular type for
processing are surf clams. Hard and soft shell clams are most often sold in-shell.

US. frozen clam meat production in 1974 was over 8,500,000 pounds
(3,855,600 kg). Institutions are the largest consumers of frozen products, consuming
82 percent of the total frozen poundage, and handling 81.4 percent of the total retail
dollar value, or $21 million in 1975 (Quick Frozen Foods, 1976).

Price. The majority of domestic imports are shipped into Hawaii from the East
Coast, although the amount coming from the Pacific Northwest is steadily increasing.
Wholesale prices in Hawaii for fresh, imported, in-shell oysters range between $0.12 to
$0.30 a piece including transportation costs. Retail prices range from $0.17 to 30.39
a piece. The commercial oyster producers in Hawaii recently began marketing their
product. Their fresh, in-shell oysters were sold wholesale for between $0.10 and $0.20
each, and retailed in supermarkets for $0.25 to $0.50 each. Preliminary calculations
supgest that export markets, e.g., the Mainland U.S., could be opened if production
costs could be reduced io approximately $0.05 per oyster,

Total canned clam production has declined from 3.58 million standard cases in
1973 to 2.8 mitlion cases in 1976. This may be attributed to a decline in clam landings
for 1976—particularly landings of surf clams. In 1976, canned clams represented a
$46.4 million industry of which whole and minced clams comprised 57.% percent, and
the specialties category comprised 12.] percent.
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All clams consumed in Hawaii are presently imported (40 percent Tram e
Mainland U.S. and 60 percent fram foreign sources). Domestic imports are muyinty i
fresh. in-shell or tresh/frozen in-shell forms, while the foreign trade is p““wri;y i!" i the
processed form. The average price of all forms of clams has dropped fron; $p §Un ‘,hc
pound ($1.10/kg) in 1974 to $0.36 per pound (30.79/kg) in 1976, This may .r‘cﬂcp?tr_
shifting in consumer demand from fresh, in-shell clams to processed clans, rather ;! N
an overall decrease i prices, n

Fresh clams in Hawaii are priced at $]1.50 to $2.00 per pound (33,31 to $4.41 7
Restuurants and supermarkets presently prefer processed forms which can be k-:m‘ i,{ 8.
inventory longer. An evaluation of price data indicates Mainland marketing of treshy or
frozen in-shell clams could be carried out by Hawaii entrepreneurs i wholesale prices
were approximately $0.75 4 pound ($1.65/ke). ’

Major Constraints and Recommended Actions

Culture. Coastal areas where more conventional forms of oyster and c¢lam cutture
could be practiced are not abundant in Hawail. and those areus that do exist are sub-
ject to urban/industrial and agricultura pollution. Opportunities for oyster and clam
culture are, therefore, limited to a land-bused technology-intensive system. However,
the high technology involved in this system, as practiced in Hawau, makes vach grow-
out operation a high risk venture. The financing of such operations will be difficult,
until the reliability of the technology and the economic feasibility of the technigues
are demonstrated. The State can assist producers by supporting rescarch designed to
help reduce production cosis.

Market. Once the economic feasibility of intensive oyster and clam cultuse has
been proven, cost reduction research. e.g.. reducing handling costs through mechutiza-
tion should proceed. State assisted market promotion activities should coincide with
increasing supplies of these shellfish o the local market, As cost reduction research
reduces production costs, export markets could be devetoped with State assistanee,

Economic Projections

The following projections of production. employment aml revenues for the culture
of oysters (Table 20) and clums (Table 21) are based, 1o a great extent, on ;m_mmm'vd
pluns of two private Hawaii firms. Achievernent of these production pstimates Is
predicated on the successiul economic demonstration of culture in Hawali as well as
suceess in reducing production costs to a point which permits successiul entry nto the
Mainland market by 1990.

E. Marketing

A high and steadily increasing demand for seafood in Hawaii and the Mainland
United States. coupled with the locai fisheries’ limited tonnage, indicates strong
market potential for the State’s cultured aquatic products. A substantia} volume ot s‘m]
food is currently imported into the State and the nation. Market dcvelopmt‘nt ‘Pf“’i‘;*‘“ >
are needed to encourage the substitution of tacally grown products for imports, 4n
help create markets for new gpecies cultured in Hawaii.
eting Hawail's
o considerations
| products the

This section susmmarizes various considerations relating to mark
aquaculture production in order to determine market potential. Thes
are: seafood consumption in Hawaii, the potential for exporting Joca
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Table 20. Projected Production, Employment and Revenues from the Culture

of Oysters in Hawaii; 1978 to 2000
Production Employment Wholesale
Year Yield Direct Indirect Total Revenues
{1000 fbs} Acres® Jobs* Jobs* Jobs (1000s of 1978 5y
1978 100 4 6 10 16 $ 120
19807 500 10 15 26 41 600
1985* 2,000 40 60 102 162 2,400
1990P 3,000 60 90 270 360 3.600
2000 5,000 100 150 450 600 6,000
Assumptions: _
‘pProduction yields estimated at 104,000 pounds/algal acte/year.

1 Represents two acres of land per algal acre to accommodate production trenches, seed pools, nursery

and other appurtenances.

s Approximately 1.5 direct jobs per acre of land. _ o

« Approximately 1.7 indirect jobs per direct job until processing begins in 1990. Thereafter 3.0 indirect
jobs per direct job. _

*Wholesale price 30.15 2 piece or $1.20 per pound in-shell.

¢ Production estimates of two firms. Market promotion begins in 1979.

*Based on announced expansion plans. Local market beginning to be satisfied and export begins,

* Based on announced expansion plans. Full-scale export.
* Processing begins.

Table 21, Project Production, Employment and Revenues from the Culture
of Clams in Hawaii: 1978 to 2000

Production Employment Wholesale
Year Yieid Direct Indirect Total Revenues
{1000 Ibsy' Actes? Jobs? Jobs* Jobs (1000s of 1978 §}

1978¢ 10 .5 1 2 3 $§ 10
19807 100 2.0 3 5 g 100
1985* 500 100 , 15 26 4i 500
1990° 1,000 200 30 51 Bl 1,000
1995* 2,000 40.0 60 180 240 2,000
2000 3,000 60.0 90 270 360 3.000

Assumptions:

:Pmduction yields estimated at 100,000 pounds/algal acre/year.
Represents two acres of land per algal acre to accommodate production trenches, seed pools,
nursery and other appurtenances.
:Appromamly LS direct jobs per acre of land.
Approximately 1.7 indirect jobs per direct job until processing begins in 1995. Thereafter, 3.0
indirect jobs per direct job.
:Wholesale price of $1.00 per pounds, in-shell.
Pratotype testing in process.
: iﬂn:ac;unced expansion plans.
market beginning to be satisfied i
> Fullscale oxporehenes ied and export begins.
* Processing begins,
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market for items not intended for direct human consumption, consumption trends

quality control, local seafood marketing channels, and marketing constraints. Litt,le was
known of Hawaii’s. seafood market at the onset of this investigation. It was, therefore
necessary to examine such previously unexplored areas as total and per capitat consun’lp-
tion, distribution networks, etc. Consequently, much of the information summarized
here appears for the first time.'® The marketing potential for specific species are
presented in the individual species assessments in Section D of this chapter.

Seafood Consumption in Hawaii

Total and per capita consumption. Approximately 30 million pounds of seafood is
consumed annually in Hawaii. Per capital consumption!” of seafood in the State is
nearly 2.5 times higher than the national average. Between 1972 and 1976, local per
capital consumption averaged 26 to 29 pounds, whereas per capita consumption national
ly averaged only 12.5 to 12.9 pounds.’® Much of this can be attributed to the Asian
or Pacific Basin heritage of many of Hawaii’s tesidents. However, visitors—particularly
those from the Mainland—consume a higher proportion of seafood while visiting Hawaii
than they normally would at home.

Profile of consumption. Such factors as age, cultural heritage and income affect
local seafood consumption. Although young people in Hawaii consume more seafood
than young people in most other areas of the country, there are indications that their
consumption is lower than that of the older generations. This may be the result of a
greater exposure to meats, poultry and convenience foods than their parents. In addi-
tion, the fast food outlets have generally not emphasized seafoods on their menus.
Thus, young people who patronize these establishments have less exposure to seafoods.
Inasmuch as the fast food sector of the restaurant industry is growing rapidly, a
concerted effort to develop and promote a varicty of processed products is required to

capture a larger portion of this market.

The age group 35-30 years of age consumes the most seafood, particularly fresh
seafood.” This would seem to indicate that this age group is the most familiar with
the preparation and utilization of the fresh forms.

Seafood utilization in Hawaii varies among ethnic groups. Persons of Hawaiian and
Pacific Basin heritage consume the widest varieties of seafood. Seafood consumed among
ethnic groups generally depends on the prepared form of the product. However, for
some species, such as shrimp, there appears to be universal appzal (Garrod and Chong,
1979

The large number of visitors to Hawaii has significantly added to the‘v_olume of .
seafood consumed in the State. In 1977, an estimated 3,433,667 people visited Hawail

%More detailed studies are on file at the Aquaculture Development Program.

©Per capital consumption figures are based on the de facto population, ie., the average number of
persans in the State at any given time, including Armed Forces personnel and their dependents, and visitors,
but excluding residents temporarily absent.

" Per capita seafood consumption inb
years.

® Aquaculture Planning Program Survey. 1977.

oth Hawaii and the nation has increased steadily in the last few
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M aasine

Of the many considerations for
salecting a species for culture, the
jdantification of a substantial
markat is one of the most impor-
tant. Although Hawaii’s per capita
consumption of seafood is more
than twice the naticnal average,
more than half the seafood con-
sumed in the State is imported.
There are excellent opportunities
for the substitution of locally
grown products.

Daveloping the market for prawns. a prawrn recipe
brochure iz prepared by Sea Grants publications
seaff, with partisl funding from the Aguacuiture
Deaveiogment Progrem.

A wigh range of prodcts con tait: seaweed derivatives, and 3 continued strong demand for
cultired squatic algme is expecied.
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for business or pleasure (Hawaii Visitors Bureau, 1978). Each visitor stayed an gve

days, and spent approximately $13 per day for food and beverage (State of Huw::{gc 1
Data Book, 1977). Studies have shown that these visitors expect to eat fresh seaf d
sometime during their stay; however, {resh seafood is almost always in short sy ?0
and not always available. "UPply.

Demand. In terms of product promotion, the high volume of seafood consumed
in Hawaii suggests that less effort will be required to sell the product in this Slutc.than
in other locations. The demand for seafood is generally inelastic; that is, consumers will
not readily substitute seafood for other protein sources (beef, pork, and poultry, for
example). On the other hand, the demand for particular seafood products is rather
elastic— consumers will readily substitute one seafood product for another. This seems
to indicate that the consumer will be more discriminating in selecting seatoed items.
Quality, therefore, cannot be compromised. Quality standards should be established
for Hawaii’s cultured products in order to assure consumer confidence, These standards
may be based on such characteristics as color, texture, and age. Where possible, moni-
toring should be carried out by industry.

Distribution of Seafood Products Imported into Hawaii

Mainland and domestic imports comprised 55 percent of the total seafood marketed
in Hawaii in 1976. Imports originated on the west coast of the Mainland, Japan,
Australia, New Zealand and elsewhere. Imported products flow from the original source
through brokers and wholesalers to the retailers. With few exceptions, imported seafoods
are either frozen or canned, and thus do not go through the local auction, Prices for
these products are already set upon entering into the State.

Cultured seafood is expected to compete with some products entering this line of
distribution. By providing distributors with a product similar or equal to the one from
present sources, a significant share of the market may be captured,

Brokers. Many producers/processors of seafoods are Tepresented by seiling agents
or “brokers” in Hawaii. These brokers have exclusive rights to certain seafood product
lines and many carry the entire line of a particular brand of seafood marketed here.

Brokers sell primarily to wholesalers because brokers normally handle large volumes,
and, with the exception of large supermarket chains, most retailers do not hawe the‘
capability to place large orders. They, therefore, order from wholesalers who deal with
brokers.

In addition to their selling function, brokers can provide information on new
products, services, selling technigues, and promotional material to their customers. In
return, they are able to relay their customers’ preferences to their suppliers. Normally,
brokers receive a 1 - 1% percent commission on sales.

Brokers traditionally do not take physical possession of a shipment. However,
Hawaii’s susceptibility to shipping strikes and relative isolation may reqmre‘that some
additional stocks be kept. In this way, the effects of shortages and delays 1n Shlpp'c';g
can be minimized. In addition, special orders may create a sudden excessive demadn
which cannot be met, and the volume and weight of frozen ceafood often preclide
air shipment. Excess capacity allows for such contingencies.
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Wholesalers. Wholesalers supply retail institutions such as supermarkets, hotels,
restaurants, and airlines. They purchase products from local brokers or directly from
the producers/processors. The difference between wholesalers and brokers is that whole-
salers will take actual possession of seafood products while brokers may simply act as
billing houses for the companies they represent. This is especially important in seafood
marketing in Hawaii, as orders from producers and brokers must often be large and
require prepayment, This means that a large capital base is necessary. Also, wholesalers
must be able to store and distribute seafood products efficiently. Storage of seafood
requires costly equipment. Transportation must be efficient and rapid to prevent spoil-
age of the products. Due to the high costs involved in imported seafood products,
many wholesalers will only purchase items which have already been ordered and will
carry only 2 minimal inventory.

Retailers. Retail institutions offering imported seafoods in Hawaii can be divided
into two groups. The first group, which sells primarily to the home consumers, includes
traditional “mom and pop” markets, speciaity seafood dealers. and supermarkets. These
retailers generally prefer to purchase seafood that (1) sells quickly, and (2) is not
affected significantly by refrigeration. Some seafoods, like muliet and mahimahi, supple-
ment local supplies. Other types of imported seafood are varieties that are non-indigenous
to Hawaii, such as American lobsters and salmon.

The second group of retailers is composed of hotels, restaurants, and caterers. This
group lacks storage capacity and tends to rely on wholesalers to meet daily or bi-
weekly needs. In order to carry a product as a standard menu item, they need a con-
sistent supply of a high quality product that is packaged and prepared for convenience,

Distribution of Local Seafood Products in Hawaii

Local seafood is sold directly to wholesalers, retailers, the cannery, or the consumer,
or indirectly by means of an auction (Figure 2). The flow of goods may be different
from species to species. Most fish caught commercially in Hawaii are sold at the local
auction directly to wholesalers. Some commercial fishermen will sell to an individual
wholesaler exclusively, thereby omitting the commission earned by the auctivnger. Some
cultured fish is sold directly to final consumers from ponds. An example of this is the
Chinese carp, which has a minimal production and a very select number of consurmers.
The large commercial culturists are presently selling to wholesalers/distributors on fairly
exclusive bases.

The amount of seafood that flows through these market channels depends on
(1) expected prices in each of the various channels, (2} the types of seafood, (3) pre-
arranged agreements with wholesaiers and/or retailers, (4) the time of vear, and (5) the
ownership of the fishing vessel {(Garrod and Chong, 1978).

Auctions. Auctions are the usual entry points for fresh seafood in Hawaii. Whole-
sale and retail prices are greatly influenced by the bidding, which is based on quality,
species, size, quantity, etc. (Garrod and Chong, 1978). Because the supply of fish is
uncertain, the price bids are likely to vary from day to day. Participants are primarily
established firms with years of trading experience.

Wholesalers. Wholesalers of local seafood will often purchase goods at the auction
or directly from fishermen, and clean, process, and package the product for resale to
retailers or final consumers, Many of these “‘smalt wholesalers™ have started as retail
establishments and have expanded their business to include wholesaling activities.
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Figure 2. Flow of Products in Hawaii's Seafood Market
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Retailers. Retail markets and local peddlers obtain seafood from the aucticn, from
wholesalers, and directly from fishermen and aquaculturists, Freshness and quality are
the most important considerations for the small retailer. Most restaurants and hotels in
Hawaii seldom carry fresh fish. The primary reason for this is the inconsistency of
supply. Only those restaurants with long-established connections are able to obtain a
supply that is consistent enough to justify carrying fresh seafood items on their menus.
On the island of Maui, however, fresh fish is available in local restaurants mainly
vecause a fishing cooperative guarantees a steady supply. In fuct, “‘therc appears to be
more fresh fish restaurants on that island than in Honolulu.” (Honolulu Advertiser, May
5, 1978)

Skipjack tuna and the cannery. The flow of skipjack tuna, or aku, through market
channels differs from other seafoods. For the period 1972-76, Hawaii’s total skipjack
catch ranged between five million and 10 million pounds per year. Roughly 3.5 million
pounds of this have been absorbed by the local fresh fish markei. About one-fourth of
this amount is distributed through the auction. The other three-fourths are directed to
wholesalers, retailets, and consumers. The remaining catch and nearly all imported tuna
are processed by Hawaiian Tuna Packers (dba “Bumble Bee’), a cannery at Kewalo
Basin.

Of the total amount of skipjack processed, about six million pounds a year is
consumed locally. Distribution of canned tuna is done via “drop-shippers™ for local
distribution to wholesale and retail outlets. Drop-shippers take orders from retailers and
wholesalers, then pick up and deliver the product. The remaining canned tuna is shipped
to the various Bumble Bee warehouses on the Muainland.

Flow of cultured products. The flow of cultured aquatic products is presently from
the farmer to the wholesaler to the retailer, from the farmer to the retailer, or—in a
few cases—from the farmer directly to the consumer by means of roadside stands. The
price is established through negotiations between the preducer and the buyer, thus
eliminating the need for an auction.

At some time in the future, the increased production of cultured aquatic products
is expected to result in greater competition for markets among farmers. As this occurs,
a shift in the flow of product to market channels not currently used can be anticipated.
For example, auctions, which influence price in accordance with supply and demand,
may be utilized. In addition, canning and processing can increase both product demand
and value by effectively using forms of by-products and surplus production.

Market Potential

US. seafood consumption. The United States’ consumption of seafoods has slowly,
but steadily, increased in the 1970°s. From 11.2 pounds in 1369, the per capital con-
sumption of seafood grew to 12.9 pounds in 1976, a 15 percent increase. On an aggre-
gate level, the figures are even more dramatic. In 1969, total consumption equaled
approximately 2.2 billion pounds while in 1976, total consumption was estimated at
2.7 billion pounds, an increase of 22 percent.

Total domestic landings have been relatively stable. Therefore, in the face of
rising consumption and a growing population, the U.S. has had to increase its reliance
on imports. Over 60 percent of the total supply of edible fish and shellfish came from
foreign sources in 1976 (US. Department of Commerce, 1977).
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Consumption trends. Consumption trends indicate oppertunities for developing and
expanding markets. Aquaculture marketing programs are expected to capitalize on:
(1) an increase in per capita) consumption, (2) a rapid expansion in the fast food trade,
(3) a growing awareness of the importance of nutrition, and {4) a greater diversity of
seafood products sold in supermarkets.

The fast food industry has experienced considerable growth in the last two decades.
Fast food outlets typically market processed and convenience foods. inctuding seafoods.
Opportunities exist for marketing low-priced, high-quality fish (Chinese carp, tilapia,
etc.), which can be processed into fillets, patties, and sticks. Processing, however, is rela-
tively capital- and tabor-intensive. The costs of production and processing, and the avail-
ability of capital will, therefore, determine if aquaculture can play a more important
role in this area.

Consumers have become more nutrition conscious. Many now feel that a heavy diet
of Ted meats may be harmful to their health. Seafoods, on the other hand. are gaining
in favor because, on the average, they contain more total nutritional value with less
cholesterol and less calories per serving than beef or pork.

Supermarkets today provide their customers with a wide array of seafood products
in many different forms. This allows the consumer to substitute among preducts, and
compare the prices and qualities of various items at on¢ location.

Marketing Opportunities for Hawaii's Aquaculture Industries

Export potential. Hawaii’s strategic location, between the U.S. Mainland and the
Far EFast, provides the State with ample opportunities for developing export markets in
these locations. For example, the United States’ present dependence on imports suggests
that Hawaii can contribute to the US. balance of trade through substituting cultured
aquatic products for imports. As another example, in the Far East, the Japanese seafood
market presents special opportunitiss for freshwater prawns, marine shrimp. brine shrimp,
and other species. Europe, with its prosperous economies and demand for luxury sea-
food items, represents another important area for marketing Hawaii's aquatic products.

Although the costs of land, feed, and other inputs to aguaculture production are
relatively high in Hawaii, the warm, year-round growing conditions and positive effects
of higher temperatures on the growth rates of most species suitable for culture enables
aquafarmers in this State to compete with Mainland producers—even if the cost of
transportation is taken into consideration (Aquaculture Planning Program, 19773,

Hawaii's export commodities have been well received on the Mainland and have
commanded premium prices. Part of this success is due to the cooperation of the local
visitar industry which has supplied statistics indicating the cities of orgin of visitors
to the State. Agricultural marketing programs in these cities have advertised such
products as pineapples, papayas, macadamia nuts, anthuriums and orchids as **Hawaii
grown.” This experience suggests that Jocally cultured aguatic products can, likewise, be
effectively marketed by concentrating on specific locations, and attaching a “grown in
Hawaii®” label.

Production of non-food items. Most aquaculture products are intended for direct

human consumption. However, a number of opportunities exist in other arcas. Thpse
include; (1) the production of baitfish for the skipjack tuna industry, (2) industrial and
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tic algae, (3) feads for aquatic species and livestock, and

i i aqua ; .
environmental uses ol aq h of these will be briefly discussed below.

(4) recreational fishing. Eac

Baitfish. The Hawaiian skipjack ?una_, or aku, fishery has traditionally bee_n the
mainstay of Hawaii’s commercial fishing industry. 1_11 recent( years, _how::ver, skipjack
landings have gradually decreased. In_ 1976, approxpx}ately ).8. million po‘unds were
caught, and in 1977, this figure declined to 7.8 million pounds (Bank of Hawaii, 1978)
Recent analyses have indicated that the smgl_e most 1mp0rtant llmltip_g factor in the
expansion and development of the commercial fishery 1s the availability of a hardy,
effective baitfish. The traditional baitfish, th_e nehu, is a tragile a_ncho.vy which occurs
sporadically and in limited supply. Because it takes time to obtain this fish from the
wild. and the survivability is low, the use of nehu restricts the range of skipjack
vessé]s to within 90 miles of shore and greatly curtails fishing a_ctivitie& The two major
gources of nehu in Hawaii are Pearl Harbor and Kaneohe Bay. The recent halt in sewage
discharge into Kaneohe Bay may have resulted in decreasing occurrences and supplies

of nehu.

The intensive culture of selected species, such as topminnows, offers a promising
solution to this probiem. With a suitable baitfish, the Hawaiian skipiack fishery is

capable of reatizing a 20-fold increase in its landings. equivalent to approximately $100
million per year at the current retail price (Hawaii Tuna Fishery Development Plan,

1977).

The culture of baitfish need not be limited to the skipjack fishery. It is equally
applicable to other commercial and recreational fisheries (ie., bottom. shoal, reef, bank
and long-line fishing). In fact, recent anti-purse seining publicity has increased the im-
portance of non-destructive fishing techniques (such as pole-and-line fishing) and the
use of live baitfish. Furthermore, to date, purse seining has been shown to be infeasible
in parts of the central, tropical Pacific Ocean (Baldwin, 1977

The State’s long-standing research efforts in the biology and technology of culturing
baitfish is an added advantage that will. in the long term, cnable Huwail to continue to
respond to emerging local needs and remain the center of aquaculture baitfish expertise.

A local market for a hardy and suitable baitfish that will aid the locaj fishing
industry in realizing its full potential appears to exist. The actual market for baitfish,
however, will depend greatly on the acceptance of the product by fishermen.

) A'qwzr:'c algae. Aquatic algae can be cultured for a considerable variety of purposes,
including food producticn, use as a food or industrial additive. to produce energy, and
to recover nutrients from organic wastes. Fach of these areas has a significant market
potential.

_Marme algae, or seaweed, is one of the world’s leading seafood commodities.
PFEC!SE‘- figures are unavailable, but the lowest estimate places the total value of the
world’s seaweed crop in 1976 at over $1 billion. Most of this amount was derived from
the sale of edible seaweeds in Japan, Korea, and Taiwan, Attempts to introduce seaweed
to the West have met with limited success. In Hawaii, only 66,000 pounds of marine
algae were consumed in 1976, but it is estimated that local demand could utilize an

:;g%i;i\onal 250,000 pounds per year by the year 1982 (Aquacufture Planning Program,
'
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The most important use of marine algae in the Western Hemisphere is to provide
components for the production of numerous food and industrial products. Such sea-
weed extracts (marine colloids) as agar, algin, carrageenan and furcellaran are found in
dairy products, processed meats, instant or convenience foods, pharmaceuticals, textiles
cosmetics, paints, beer, explosives, fertilizers, and chemicals. In 1974, the mari’ne colloi’d
industry had an estimated value of $300 million from production of 32,700 tons. The
annual growth of the industry is conservatively estimated to be 10 to 20 percent
(Doty, 1978).

Hawaii has several species of algae that may prove valuable for marine colloids.
Two projects are currently under way to farm Eucheuma, a major source of carrageenan.
If these projects prove to be successful, they could produce a projected revenue of
approximately $7 million within a three-year period (Doty, 1978).

Other opportunities for culturing aquatic algae in Hawaii involve the application of
algae-based technology to a variety of local problems, including animal feed production,
waste recovery, waste water benefaction and energy production. Feed costs, for example,
may be reduced if the bluegreen alga Spirulina can be cultured for use as an animal
food supplement.

Brine shrimp. Brine shrimp, Artemia salina, is a convenient, important, and highly
utilized source of protein for larval and adult fish and shellfish. Brine shrimp eggs are
used extensively by aquaculturists for larval feeding. The eggs are hatched and the
nauplii are fed to the larvae, usually within 24 hours. The nauplii’s nutritional value is
high and its size is wellsuited for feeding aquatic animals during their early stages of
development. Brine shrimp adults and meal, and freeze-dried brine shrimp are in demand
as feed for adult fish. The adults are often purchased by aquarium hobbyists who can-
not afford the time and cost involved in hatching the eggs and rearing the nauplii.

An estimated 14,000 gallons of brine shrimp eggs are consumed annually in the
U.S., Japan, and Europe (Helfrich, 1973). This figure primarily reflects usage by aquarium
hobbyists, nor aquaculturists. In 1977, the wholesale price of grade A eggs increased
dramatically from between $40 and 350 to $70 and more per gallon. Currently exploited
sites of naturat production have come under increasing environmental stress from urbani-
zation and industrilization. This is thought to be adversely affecting the viability,
quantity and quality of the eggs obtained from the wild, creating an even larger demand
for high quality eggs.

In the United States, sales of live adult brine shrimp have been estimated at 25,000
to one million quarts per year (Cohlan, personal communication, 1977). At the average
wholesale price of $6 per cup, the market has been estimated at $1.5 million to 36
million, with an unfulfilled demand for one million quarts of adults,

The demand for brine shrimp—eggs in particular—is expected to increase substan-
tially as aquaculture continues to grow in importance. It has been estimated‘that an
international demand for 40,000 to 50,000 galions of eggs at a wholesale price of $25
per gallon will result by 1982 (Helfrich, 1973). In that same year, an estimated
1,270,000 quarts of adults will also be required at a wholesale price of 35 per quart.

These estimates indicate potential local and export markets for cultured brine

shrimp. The actual size of the market, however, will depend in largt;: on the discovery
of new sources of brine shrimp and the viability, quality and quantity of the products,
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engineering designs for hatching live brine shrimp, and the development of prepared
jarval feed for aquaculture.

Recreational fishing. “‘Pay and fish™ centers are commercial establishments that
charge an entrance fee andfor charge for each fish caught. These centers are generally
i a convenient location and supply equipment bait. This form of commercial, recrea-
tional fishing is popular in the United States and Europe, and offers new opportunities
for Hawaii’s aquaculturists. Another recteational fishery opportunity for aquaculture is
the production of juveniles, such as moi and opihi for the enhancement of natural
stacks.

By-products. With sufficiently large production, opportunities arise for processing
py-products for animal feeds and fertilizers. As a result, the product can be efficiently
utilized, its waste minimized, and its total value increased.

Constraints to Marketing Cultured Seafood

The local market for cultured aquatic products is presentty a small one, with all
production consumed within the State. There do not appear to be any major constraints
io the market at this time. With greater production, however, it will become increasingly
important to consider those factors which can become constraints if they are not properly
addressed and dealt with. These are examined below.

Price and competition. Price is an important factor to the consumer when com-
paring various products. Cultured aquatic products must compete in price with beef,
pork, and chicken. as well as fishery products. Since 1970, seafood has been, on the
average, the highest priced source of protein. As the price of seafood is sensitive to
price changes in meat and poultry, a major challenge for aquaculturists will be competi-
tion from meat and poultry producers, as well as production from countries with low
costs per unit of caught and cultured scafood. If production costs can be reduced, the
aquaculturist will be in a more price-competitive position, and his share of the market
would most likely be greater. Research aimed at increasing production efficiency and
decreasing production costs will be needed.

Perishability. Consumers generally purchase seafood in the fresh, chilled and frozen
forms. More than 60 percent of the fish consumed in the U.S. are consumed in these
forms, A problem with fresh and chilled seafood is that they can normally be kept no
longer than a week without seriously affecting their taste and flesh tone. This problem
has a tendency to reduce the volume retailers are willing to inventory at any one time.
Freezing seafood allows storage for extended periods. However, freezer capacitsf must
be allocated among a variety of food products, and seafood has to compete with other
frozen items.

It is anticipated that Hawaii producers will eventually process their products jnto
frozen forms in order to permit inventorying, product divers1ﬁcat10n_and e_XPOFtaUOﬂ;
The capability to process and hold cultured seafoods in inventory will be important in

maintaining constant supply and prices.

The cost of establishing and operating processing and packaging facilities may be
cost-prohibitive to most small farmers. Cooperatives are a means of achn’fvmg the ]LlStl'-
fiable volumes and capital required of such a facility. The State can be instrumental in

€ncouraging such cooperatives.
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Lack of promotion. Advertising and other forms of direct and indirect promotion
have not been used effectively to stimulate active interest in seafood. Promotional
efforts can play a major role in increasing demand. One isolated incidence of success-
ful promotion is in the catfish industry. Catfish was once regarded as a “poor man’s
food,” but is now served in many of this country’s finest restaurants.

Studies have shown that customers who know the product, and know how to
prepare that product will be more likely to purchase it. Consumer awareness and edu-
cation programs are, therefore, needed. In addition, consumer preferences should be
assessed so that producers can be more responsive to changes in consumer demand.

Product development and diversification. Product development and diversification
can enhance the size and growth of the market. The processing expertise and facilities
needed for product development and diversification are, however, currently unavailable.
The various market segments have differing needs and preferences which, if met, can
substantially expand sales.

Timeliness in market development programs. The importance of, and need for,
timely and orderly market development programs cannot be overemphasized. If market
development activities begin prematurely, demand could exceed supply and result in
market instability. On the other hand, if market development activities begin too late,
a surplus of production could result in price depressions and adversely affect small
producers.

Market accessibility and cooperatives. Small producers may find it difficult to pain
access to large markets. The needs of large markets are often voluminous and exceed
the production capability of a single, small producer. The small producer may have to
yield to a larger producer, or work cooperatively with other small producers to meet
the needs of large markets.

The formation of cooperatives can be instrumentai in developing markets for
cultured aguatic products and benefit aquafarmers. Quality standards and distribution
procedures can be established to ensure consumers of consistent quality and supplies.
Processing, a capital-intensive activity, can also be more easily supported by cooperatives.
Consolidated purchases can result in greater discounts to individual producers. Market-
ing, a time-consuming activity in itself, can become more effective, with small farmers
cooperatively gaining access to large markets. By pooling their resources, small producers
can mor~ effectively compete with large preducers in the marketing of their products.

The importance of a Maui fishing cooperative was mentioned above. In 1977,
Hawaii’'s prawn farmers joined together to form the Hawaii Prawn Farmers Association
as 3 first step toward evolving into a cooperative. This association is expected to take
an active role in developing prawn marketing activities.

Quality control. Quality control is essential to marketing cultured aquatic products.
Such factors as taste, texture, and freshness must be continually monitored to establish
and preserve the reputation of the product. Each aquafarmer can set his own quality
control standards. However, for consistency, it is more desirable for the farmers to join
an association of producers and determine set, uniform standards.
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Recommendations

Substantial opportunities exist for marketing cultured seafood if certain key
constraints—discussed above—can be reduced or eliminated. The following recommenda-
tions address these constraints:

1. Support research directed at increasing preduction efficiency and reducing
production costs in order to make cultured aguatic products more competitive
with other sources of protein. inctuding meat, chicken and imported seafood.

[

Support the promotion of aquaculture products through advisory and
extension services. This can be especially important with respect to expanding
markets, reducing imports and increasing conNSUMEr awareness of locally
cultured aguatic species.

3. Investigate the most efficient means of marketing various species of cultured
products. These means may not fall under the present market structure and
may require the establishment of new channels of distribution.

4. Establish processing facilities in the State, This is a necessity in order to
(2) ensure consistently high quality products, (b} prolong shelf-life, and
(¢} provide opportunities for small farmers to enjoy the advantages of large-
scale processing, packaging, distribution and marketing.

5. Coordinate marketing programs with levels of production. Timeliness of
marketing programs ensures that demand does not increase faster than initial
production levels, As production levels increase, market programs must be
designed to provide new markets and increase demand within these markets.

6. Encourage the formation of producers’ cooperatives. Such cooperative efforts
can help in stabilizing prices and meeting demand. It can also be beneficial
to small farmers who may not have the capital nor the time to devote to
marketing products and purchasing sophisticated equipment.

7. Establish quality standards for aguaculture products. These standards can play
an important role in gaining consumer confidence in, and preference for,
cultured aquatic products.

Markets for Cultured Aquatic Products: 1977 and 1982

Table 22, *1976 Consumption of Aquatic Products and Estimated Future Markets
for Aguatic Products Cultured in Hawaii,” summarizes the 1977 market for different
species, and also estimates the 1982 market potential tor these species. These estimates
are based on numerous factors, including the state of technology, costs of production,
market development opportunities and activities, and constraints 1o the market. A
change in any of the aforementioned factors would affect market estimates.
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F. Funding and Financing

This section covers two peneral areas: external non-State funding of public a
culture development activities, and financing of private, commercial aquacultyre 0::::;1‘
ions

Federal Sources of Funding

Substantial financial resources will be required to assure a high rate of growth
aquaculture development in Hawaii. Since the State’s financial resources are limited o
Hawaii must seek non-State sources of funds to match the State resources available‘ for
developmental activities.

Since there is presently no lead agency for aquaculture in the Federal government
current sources of Federal support for agquaculture are diverse—residing in several agen- ’
cies, limited—not generally available for technical services, pilot demonstrations or faci-
lities, and inadequate—since aquaculture must compete with other sectors. Over the past
four years, numerous pieces of legislation have been submitted to Congress to remedy
this situation. Major legislation is discussed below.

Current sources. Nine Federal sources of funding for publicly-supported aquaculture
development activities are listed in Table 23. To date, only the first two have been
exploited. Possibilities for obtaining funds {from the remaining seven sources should be
studied immediately. Moreover, current pending Federal legisfation, if passed and signed
into law, can provide significant additional Federal funding.

Pending legislation. Several aquaculture bills are pending before Congress. The
discussion surrounding these bills centers on (1) the designation of the lead Federal
agency, and (2) the best approach fo aquaculture development. Two separate bills,

S. 2582, introduced by Senator Lowell P. Weicker (R-Conn.), and H.R. 9370, intro-
duced by Congressman Robert Leggett (D-Calif.) would designate the U.S. Departrment
of Commerce (USDOC) as the lead agency. These have already passed the House. Two
other companion bills, S. 2218, introduced by Senator Richard Stone (D-Fla.), and

H.R. 9976, introduced by Congressman Rommie G. Flippo (D-Ala.}, would make the
U.S. Department of Agriculture (USDA) the lead agency. A fifth bill, 5. 2762, intro-
duced by Senator Mike Gravel (D-Alaska), would designate the USDOC as the agency
with ultimate responsibility for aquaculture activities, but would require the yUspoC o
work in close conjunction with the USDA and the US. Department of Interior (USDOY).

The Food and Agriculture Act of 1977 (P.L. 93-113), which was introduced as
S. 275 by Senator Herman Talmadge {D-Ga.), authorizes the USDA to inciude aqua-
culture as one of its missions. Those generally favoring the USDA as the lead agency
argue that this law formally bestows that role upon the USDA. However, thos¢ gener-
ally favoring the USDOC as lead agency, contend that this is not the intent of the bill.

The second major area of controversy relates 10 the relative emphasis on freshwati
versus saltwater aquaculture. Freshwater aquaculturists generally favor the USDA becfu
of USDA support of catfish farmers over the past 20 years. Moreover, they feal e ther
were USDOC to be named lead agency, freshwater aquaculture would suffer. On ﬂ}c °
hand, saltwater aquaculture interests generally favor USDOC because of a history ©%
NOAA and Sea Grant support of saltwater aquaculture (mariculture). Many maﬂcus[)ﬁ
turists fear commercial development of saltwater aquaculture would suffer if the
were to be assigned lead agency responsibilities.
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Table 23. Federal Sources of Funding, Activities
They Support and Principal Recipients

Agency Activities Funded Principal Recipients
Department of Commerce
Aid to Commercial Fisheries | Research and development State agencies
Programs activities
(PL B8-309)

National Marine Fisheries
Services (NMFS)

Economic Development
Administration (EDA)

Office of Sea Grant

Department of Agriculture

Soit Conservation Service,
Cooperative Extension
Service, and the Agri-
cultural Research Service

Amended Food for Peace
Act {new, Section 406)

Department of State
Title XH of the Foreign
Assistance Act of 1973
{new)

Department of Interior

Fish and Wildlife Service

National Science
Foundation

Research, support services
(marketing)

Facilities construction projects
Research and development,

education, training, extension
and advisory services

Research, extension/advisory
and other support services

Research, education, and
training

Research and development,
training and technology transfer

Research, hatcheries and
support services (disease
programs}

Research

Mainly in-house
activities

State and county agencies

Universities, public and
private nonprofit research
organizations

Land grant colleges and
in-house activities

Universities

Land and sea grant
colleges

Cooperative fisheries at
unjversities and in-house
programs

State agencies, private
organizations, and
universities
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A third agency with an extensive history of involvement in aquacultuse is the USDOI.
The USDOI has operated trout hatcheries throughout the United States for more than 100
years and has traditionally provided disease prevention services through their cooperative
fisheries units,

It appears clear then, that in order for aquaculture legislation to be passed and becomne
law, some compromise must be reached. Moreover, it is certain that each of the three
departments (USDA, USDOC, USDOI) has played, and will continue to play, a key role in
the development of aquaculture —the USDA with technical services and loan programs,
the USDOC with support of developmental reseasch, and the USDOI with technica!l assist-
ance to hatcheries and disease prevention services. Therefore, any compromise deci-
sion regarding the lead agency issue should recognize the vested responsibilities for aqua-
culture in all three agencies and provide each agency with an expanded role in aqua-
culture development.

The successful passage of aquaculture legislation is expected to contribute significantly
to aquaculture development nationwide, and especially in Hawaii. Anticipated benefits
include a Federal aquaculture loan program, a Federal aquaculture disaster loan program,
technical services such as extension and advisory aid, market development assistance,
disease prevention services and others, and funds for facilities and developmental
research. Hawaii should strongly support the passage of Federal aquaculture legisiation,

Private and Other Non-State Sources of Funding

Private sources of funding are philanthropic foundations and international organiza-
tions whose principal focus is increasing food production, mainly in the lesser-developed
countries. However, inasmuch as Hawaii is a major crossroad between the East and
West, with a climate similar to many Asian and Pacific locations, and inasmuch as
Hawaii possesses considerable expertise in tropical aquaculture with the likelihood of
becoming a major center for tropical aquaculture research, demonstration and training,
it is anticipated that the State may receive some private foundation funds as well as
support from major international organizations with similar objectives. Some of these
organizations are listed in Table 24.

More details on sousrces of support. Additional details regarding sources of support
for developmental activities are presented in other sections of this report with the
subject matter to which they relate. See also Chapter I (“Introduction”), Chapter IV
(“Implementation™), Chapter V (“Budget and Timetable™), and Appendix C (*Tropical
Aguaculture Center™).

Credit and Financing

The ability to obtain start-up capital is vital fo establishing an aquaculture operation.
A lender’s principal requirements for granting loans include: (1) front money (similar
to a down payment), (2) a track record (a history of success), and (3) a reliable
market for the loan recipient’s product. Like nearly any new industry, the availability
of adequate credit is a critical constraint in the early stages of development. Reluctance
on the part of lenders to extend credit for aquaculture operations generally stems from
the lack of an established track record. In other words, the risk is considered high
because no record exists to give an indication of potential for success.

Two types of loans available to aquafarmers are:
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Table 24. Some Possible Private and International Sources
of Support fer Aquaculture Development Activities

Name of Orgsnization Type of Organization
Asian Development Bank quasi-government
Deoherty Foundation private, nonprofit
Ford Foundation private, nonprofit
Foundation for the Peoples of the South Pacific private, nonprofit
Japanese Foundation private, nonprofit

Rockefeller Foundation
International Center for Living Aquatic Resources private, nonprofit
Management (ICLARM)

United Nations

UN Development Program (UNDP) : quasi-governmental

Food and Agriculture Organization (FAQ) ' quasi-governmental

Southeast Asian Fisheries Development Center (SEAFDC) quasi-governmental
World Bank ' private, nonprofit

1. Capital improvement loans, for purchasing or improving land or buildings
(usuzally long-term, from 10 to 40 years), and

2. Operating loans, for providing operating capital (usually short-term, from one
to ten years).

In order to receive a loan from a private lending institution, a loan gugrantee is
sometimes needed. The guarantee, which is usually offered by State or Federal programs,
assures repayment of a certain percentage of the value of the loan. The Farmers Home
Administration, for example, guarantees loans for up to 90 percent of their value. The
term “participation loan” indicates that the loan is contingent on two or more lending
institutions agreeing to lend the necessary funds.

The State of Hawaii has an aquaculture loan program which is administered by
the Department of Agriculture’s Farm Loan Division. This program together with other
sources of credit are presented in Table 25 As initially established in 1972, the Aqua-
culture Loan Program was authorized to make direct loans up to $75,000. The 1977
Legislature substantially modified the program by increasing the amount which can be
loaned to $150,000 and providing for loan guarantees and participation loans. At the
time of initial establishment of the Aquaculture Loan Program, an Aquaculture Revalv-
ing Loan Fund was established with an initial balance of $500,000. Loans are drawn
from this account and repayments, together with interest, are deposited to the Fund.
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Table 25. Possible Sources for Aquaculture Loans and Types of Loans

1 Aquaculture Loan Program of the Hawail State Capital Improvement Loans
g Department of Agriculture’s Farm Loan Division Operating Leans
Commercial Banks Capital Improvement Loans

QOperating Loans

Farmers Home Administration Capital Improvement Loans

Operating Loans
Loan Guarantees

Federal Land Bank Capital Improvement Loans
Hawaii Production Credit Association Operating Loans
Small Business Administration Capital Improvement Loans

Operating Loans
Loan Guarantees

to the Fund. As of the close of the 1978 State Legislature, no additional amounts were
appropriated. With the recent increase in loan apphications, additional appropriations
will be required in order to meet expanded needs.

A Credit and Financing Subcommittee, consisting of members of the Hawaii Aqua-
culture Planning Program Advisory Committee, was formed in 1976 to provide recom-
mendations on increasing the availability of credit to aquaculturists. The Subcommittee
offered the following recommendations:

] .

The State should offer proof that potentially significant species are economi-
cally viable. This should be done through prototype demonstrations.

The State should provide information to the lending community on the
costs of construction and operation of various aguaculture enterprises.

The State’s Aquaculture Loan Program should be broadened to include parti-
cipation loans and loan guarantees in addition to direct loans.

The maximum amount which can be loaned by the State Aquaculture Loan
Program should be raised to levels comparable to agriculture loans.

The amount in the Aquaculture Revolving Loan Fund should be increased by
at least $500,000.

Recommendations (3) and {4) were acted upen by the 1977 State Legislature. The
State should make every effort to implement the remaining recommendations.
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G. Economic Projections and Future Considerations

Fconomic Projections

Economic projections are presented in this sectiqn together with a discussion of
some trends and anticipated future developments which are expected to have an effect
on the growth of aquaculture in Hawaii. The market conmderat_lons of the projections
are particularly complex. for they must consider a number of diverse fi'J.CtOTS, both
positive and negative. For example, per capita world seafood consumption is increasing,
but Hawaii’s cultured aquatic products must compeie with both foreign aquaculture and
world capture fisheries. Another significant area affecting these projections is the current
state-of-the-art of aquaculture and the associated time to develop a species from candi-
dacy to commercial culture. The economic projections also attempt to include the
effects of external influences such as increasing energy shortages, rising energy casts,
and the effects of rising feeds and fertilizer costs.

Commercial production sector. In order to project the growth of the commercial
production sector of Hawaii's aquaculture industry, it was necessary to consider the
technical assessments of each species, either presently cultured or being recommended
for culture in Hawaii (summarized in Section D of this chapter). Each species assess-
ment summary includes projections of production, employment and revenue through
the year 2000, and the specific assumptions used to form the projections. The summaries
were added in order to determine total growth projections. These totals appear in
Table 26,

Table 26. Projected Production, Employment and Revenues from Aquaculture
in Hawaii: 1978 to 2000*

Production Employment Wholesale
Year Yield Direct Indirect Total Revenues
(1000 [bs) Actes fobs Jobs Jobs (1000s of 1978 $)

1978 427 145.0 34 49 83 § 931
1980 : 2,600 606.5 82 157 239 6382
1985 16,785 2.429.0 313 641 954 32644
1990 47075 5.768.0 644 1.490 2.134 71410
1995 93975 12,109.0 1,273 2879 4,152 147988
2000 198,125 28,100.0 2,805 6,217 9,022 334,567

*This table is a summation of the individual species or species~groups projections found in

Section D of this chapter. The projections are based on the assumptions included in the assessment
of each species,

T‘he projections are generally more conservative than those found in the DPED’s
Te_chn_:cal Repo_rt, The Hawaii State Plan—Economy (1977). The principal reason for
this d{fference_ls the fact that the projections indicated here are based on considerably
mote information than was available in late 1976. Furthermore, this present report
assumes a longer, more conservative commercial growth rate, ar;d a longer period of

developmgnt. Afte.r the initial five years of commercial culture, projected growth rates
are essentially similar between the two reports.
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Aguacuiture is expected to contribute significantly to other sectors of Hawaii's
economy. Table 27 relates gross annual wholesale revenue projections to various economic
sectors based on a typical percentage of wholesale revenues, production costs, amount
of profit, and taxes. These sectors are expected to expand to meet the emerg;ng needs
of the aquaculture industry. It is particularly important that the feeds and fertilizer

sector expands, as feeds and fertilizers represent a major production expense that is
second only to the cost of labor.

Table 27. Projected Benefits to Other Industries Based on
Percentage of Wholesale Revenues

Industry or Segment Projected Revenues (Wholesale, Thousands of 1978 Dellars)
. 1978 1 1980 1983 1990 1998 2000

Lease or Payment on Land
PUrchase «ocvvvrorrreaenn 35 $330% 223 18 1,143 1352499 |8 5179|% 11,710
Engineering and Consulting
Industry - v «ecovenameee s 2.0 19 128 653 1428 2960 6,691
Construction and Equipment :
[ndustries ... vcvnwovnnons 18.0 168 | 1,149 5876 | 12,854 26,638 60,222
Insurance Industry . ........ 1.2 11 77 392 857 1,776 4,015
Feeds and Feriilizer
Industeies ......oviiian.n 16.0 149 | 1,021 5223 | 11426 23,678 53,531
Electricity and Utilities
Industries ............--.. 38 35 242 1,240 2,714 5,623 12,13
Supplies, Goods, and
Services Industries .. ... .. ... 15.4 143 983 5027 10,997 22,790 51,523
Employment .. ............ 19.0 177 | 1,213 6,202 13,568 28118 63,568
Profit ... ... ..o it 19.5 181 1,244 6,360 13,925 28,858 65,241
Property Taxes ............ 1.1 14 70 359 T8RS 1,628 3,680
General Excise Taxes ....... 5 5 32 163 357 740 1,673

Totals.. ............. 1000 | $931 (%6382 | $32,644 [ $71 A10 | 3147988 | $334,567

*Percent of Wholesale Revenues. Percentages are expected to vary from firm to firm and type of
culture (e.g., extensive or intensive). These figures ate based on semi-intensive, earthen pond culture which
is expected to be used to raise freshwater prawns, marine shrimp, baitfish, freshwater finfish, etc.

Research, training and technology transfer sector. The significance an‘d p(_)tentlal of
the aquaculture research, training and technology transfer sector’s contribution 10
Hawaii's economy were discussed in Chapter I, as well as Sectior_l _B of this chapter.
Initially, the majority of non-State funding for this sector is anhmpatgd to come from
the Federal government through two programs: Title XiI of the Foreign Assistance Act
of 1975, and Section 406 of the Food for Peace Act of 1966 as amended in 1972.
Additional funds are expected from the U.S. Department of Agriculture as a result of
the recently enacted Comprehensive Farm Act of 1977. By 1985, the total cu;mtnbu-s
tion from these and other funding sources for Hawaii is expected to be as much as 6
million to $10 million per year, and directly of ndirectly employ as many as 300 to
400 people. This effort would be only one component of a larger program in tropical
food production administered by the University of Hawaii’s College of Tropical
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Agriculture. Since these activities are essentially an R&D in nature they are not only
environmentally attractive, but promise to provide additional economic benefits through
a multiplier effect, i.e., at least 50 percent of each dollar brought into the State is
usually spent on salaries and wages, which are respent many times over for goods and
services (Hawaii Business News, February, 1978).

Future Considerations

The discussion of aquaculture’s role in Hawaii’s future will be presented in two
parts. The first discusses aquaculture’s relationship to, and effect on, several existing
State goals. The sccond considers the impact of future trends on key elements of the
aquaculture industry in Hawaii.

Relationship to some existing State goals. Various aquaculture technologies can
contribute to the realization of many Stare goals for maintaining and improving the
quality of life in Hawaii. These goals include: preservation of open spaces, reduced
development pressures on prime agricultural lands, diversification of the economies of
all Islands leading towards State selfsufficiency in food production, provision of
opportunities for rural residents to preserve their agrarian life-styles, provision of an
increased and a wider range of employment opportunities, improvements in the balance
of trade by increasing exports and encouraging the substitution of locally-farmed aquatic
products for imports, and finally, preservation of existing and development of new
recreational and commercial fisheries resources for the people of Hawaii.

Aquaculture relates to these important State goals in a number of ways:

Open space. Open space qualities of land can be preserved because aguaculture
production units do not generally utilize tall structures under the management strate-
gies practiced today, e.g., ponds, raceways and cages {Bardach et al., 1972}

Land wutilization. Many forms of aquaculture can utilize land that is of a lower
quality than prime agricultural land, thereby not contributing to further increases in
developmental pressure.

Self-sufficiency. Since aquaculture’s primary function is growing food, it can help
reduce the State’s reliance on imports, while contributing towards self-sufficiency. In a
similar fashion, certain forms of aquaculture (aquatic algae) can produce animal feeds
and further reduce the volume of other important imports.

Diversification. The anticipated growth of the commercial production industry can
be directed to the Neighbor Islands because of its close affinity to certain forms of
agriculture which predominate there, e.g., sugarcane. Such growth would provide the
opportunity for much needed diversification of Neighbor Island economies.

Employment. The potential expansion of the aquaculture industry can increase
and diversify employment opportunities for semi-skilled as well as skilled workers—
particularly on the Neighbor Islands.

Life-styles. Aquaculture technologies can be readily int’égratcd with current forms

of agriculture and can help pecople preserve rural agrarian dife-styles by providing oppor-
tunities for additional economic alternatives.
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Aquacuiture in Hawaii has the potential to provide more jobs and significant
spin-off banefits in such aress as feads, construction, and goods and sarvices,
Equally important, aquaculture is expected to maintain rural life-styles and
preserva the environment.

Aguacuiture can contribute to the State goals sa1 forth in
The Hawaii State Plan.

Aguaculturs can incresss snd diversify empioyment Aguacuiture may He # COMPONAn '3
of alternate energy foumes, such s
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New mohnological develog-
mants, such as this prawn
fegcker, are axpected to
sccelorate the growth of the
aquaculturs industry.
{Courresy of UH Depart-
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Enpineering.)




iy d develop new, recreational and
Resources. Aquaculture can preserve existing, an , 1€ N

commercial fishin;l resources through natural stock enhanc_emex}t actmne_,_s (Rao, 1977)

and through assisting in the development of commercial fisheries (Hfawaii Tuna Fishery

Development Plan, 1977).

that production strategies which are projected for general
tems are not likely to pollute the environment or have
ly controlled. Therefore, the development of these
while helping to preserve the overall

It is important to note
use in future aquaculture sys
a pollution potential that is easi
systems can contribute to Hawaii's economy,
quality of life.

In summary, a dynamic, growing aquaculture program will h}clp_ to achieve State
goals and provide Hawaii’s citizens with many opportunities to aid in their own future
economic, social, and environmental well-being.

Impact of Future Trends on the Growth of Aquaculture

Aquaculture, like other economic activities, can be described as a process with
inputs (land, water, labor, energy, etc.) into the production of a product, transportation
of the product from the production site to a market, and the sale of the product at
the market. The future cost, availability and feasibility of these components will be
determined—to a large extent—by several important trends. Three such trends that will
undoubtedly have an impact on local aquacuiture are (1} increases in population,

(2) rising energy costs, and (3) competition from capture fisheries and out-of-State aqua-
production. In order to determine the future growth of aquaculture in Hawaii, the
impact of these trends on key elements of the industry must be considered.

Figure 3, which depicts a simplified aquaculture process chart, relates the three
trends to the various elements of the aquaculture process. The relationship between the
key elements of aquaculture and these trends are presented in four major categories:

(1) those elements whose availability is relatively unaffected by future trends, {2) the
effects of increasing population pressure, (3) the effects of nising energy costs and
(4) the effects of competition from capture fisheries and aquaculture production elsewhere.

Eiements unaffected by future trends.

Solar energy. Year-round sunshine and warm temperatures are valuable resources for
Hawaii’s agriculture and aquaculture industries. Solar energy has been captured and
utilized through production of sugarcane and pineapple. In addition to providing a warm
climate for the growth of aquatic life, solar energy can be exploited in other ways (¢.8.,
solar energy power and heating systems). Aquaculture operations of the future should
stress efficient energy conversion systems based on exploitation of natural productivity
a_nd food chains to produce a diversity of products, including food for human consump-
tion, terrestrial and aquatic animal feed, and biomass for energy conversion (sec “Rising
Energy Costs” below).

Salt and brackish water. Another of Hawaii’s most important resources is an
a_tmndanc_e of clean, warm seawater. Uniike fresh water, salt water is not limited in quan-
ity nor s }here a large number of competitive uses for the supply. Moreover, brackish
water (a mixture of fresh and salt water), which is also abundant, is similarly not subject
to a number of competing uses since it cannot be used to satisfy irrigation or domestic
water requirements. Brackish water has numerous applications in aquaculture. Morcover,
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Figure 3. impact of Recognized Future Trends on Key Elements of Aquaculture
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many freshwater species, such as freshwater prawns, catfish, topminnows, and tilapia
are salinity-tolerant to some extent, which allows t}ht?m to be cultured in less than
fresh water. For example, the freshwater prawn exhibits comparable growth rates in
salinities up to 18 ppt (half salt water) and the topminnow and tilapia can tolerate
salinities ranging from fresh water to straight seawater.

Aquaculture systems of the future should strive to utilize brackish and salt water
wherever possible, in order to make maximum use of Hawaii’s resource base and relieve
kb K
pressure on Hawaii's freshwater resources (see “Fresh water below).

The effects of increasing population pressures. The avaitability and costs of land,
fresh water and labor will unquestionably be affected by population increases. Approxi-
mately half of Hawaii’s population growth is due to natural population increases
(births minus deaths) which are influenced by social, medical and legal not economic-
factors (The Hawaii State Plan, 1977). The remainder is attributable to immigration
from the Mainland and Asia. Here, too, non-economic factors play an important role.
Asian immigrants are primarily influenced by such factors as Federal immigration laws
and the presence of their relatives in Hawaii. Therefore, the major controllable factors
that can determine the future growth of Hawaii’s population will be Federal immigra-
tion laws and State-controlled growth pelicies (The Hawaii State Plan, 1977).

Land. Land is perhaps Hawaii’s most valuable resource because the supply is
limited, and there is intense competition to use that which is available. The major
competitors are agriculture, tourism and urban/industrial development. Section A aof this
chapter indicated that there are 135,000 acres of primary lands and nearly 500,000 acres
of secondary lands within the State which are suitable for aquaculture development.

An important question is, how much of this land will be available for aquaculture?

It is envisioned that industrial agriculture (sugarcane and pineapple) and diversified
agriculture (all other agriculture, e.g., flowers, macadamia nuts, papayas, etc.) wilt com-
pete for primary lands for some time to come. Moreover, future decisions on the use
of these primary lands will probably be made on the basis of economics, i.e., what is
the best, most profitable use of the land”? Aquaculture can be expected to compete
favorably with industrial agriculture and diversified agriculture. For example, the average
acre of irrigated sugarcane vields a gross annual per acre revenue of approximately
$1,000. Freshwater prawn production, however, can realize a gross annual per acre
revenue that is greater than $10,000. Moreover, a comparison of the labor-to-land ratio
indicates that aquaculture would employ two-and-a-half times more people than sugar
{one man per 25 acres for sugarcane production versus one man per 10 acres for
freshwater prawn farming). To summarize, then, aquaculture can compete favorably in
land use decisions when comparisons are made with industrial and diversified agriculture
as long as the productivity and profitability of aquaculture are defined and publicized.

There are, however, other factors which will have a profound effect on reducing
the number of sites available for aguaculture. For example, land will be needed for
urban expansion. Inasmuch as aquaculture is a ‘“clean™ industry, consistent with State
goals of preserving open spaces, maintaining rural life-style, providing employment and
contributing to the balance of trade, urban planners should be encouraged to direct
urban and residential growth to those areas which are not otherwise suitable for aqua-
culture and diversified agriculture. Valleys, hills and ridges are examples of such areas.

There is‘intensive Compgtition for the use of Hawaii’s coastal lands. Urban devel
opment, tourism, and recreation are among the major competitors. Brackish and salt water
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cultwe Systems Fequire access to seawater—hence coastal areas. Aqua

gdvantage of being able to utilize such lands as wetlands, mudﬂa:ls a:lclilt::;:zi]n{‘isﬂ\:;ﬁch
may be less than ideal for many forms of recreation and tourist development., Aqua-
culture operations in coastal lands can be encouraged through land use policiés “(rlhj h
establish aquaculture as a preferred activity in this area, .

Hawaii’s more than 500,000 acres of secondary lands present significant opportu-
nities for aquaculture. There is little competition for secondary lands which are made
up, for the most part, of gently sloping lava flows on the island of Hawaii. For

example, the South Kohala and Kona regions possess an abundance of secondary lands, { =

with some of the warmest temperatures and highest soiac intensities in the State. The
development of an effective, low-cost means of sealing ponds dug in lava and/or the
development of semi-intensive or intensive, above-ground culture systems would create
a tremendous economic potential for these secondary lands.

Fresh water. Hawaii possesses an abundance of high quality fresh water, although
such areas as Maui, parts of Hawaii and Oahu intermittently experience water shortages.
It has been estimated that Oahu’s demands for water will begin to tax the total avail-
able supply by the year 2000 (Hawaii Regional Water Resources Study, 1977).

Several existing and envisioned aquaculture systems can lessen future demands on
the State’s fresh water supplies through water conservation and multiple-use practices.
For example, in cases such as freshwater prawn farming, water flow rates can be reduced
through implementing water guality management procedures (see “Pumping,” “Feeds,”
and “Fertilizers” below). In other cases where a flow-through system is desirable, aqua-
culture effluents can be reused for terrestrial crop irrigation, thus providing for multiple-
use. In addition, aquaculture growth policies can stress the development and exploitation
of brackish and saltwater aquaculture systems (see “Seawater’).

Finally, aquaculture holds significant promise as a mechanism for both livestock
and domestic waste-water recovery. Several pilot and commercialscale waste-water recovery
systems in operation around the world today utilize aquaculture for reclaiming both
water and nutrients (see ‘‘Feeds” and “Fertilizers” below). Aquaculture should, therefore,
be considered in the planning of future waste treatment facilities.

Labor. Current aquaculture operations embody all levels of technology, from Ifhe
most extensive pond systems with low-level management and no supplemental feeding, to
highly sophisticated, totally automated, closed systems. Nearly all forms of aquaculture—

with the possible exception of ocean ranching—are tikely to be practiced in Hawail

(Hawaii Aquaculture Planning Program—Interim Report, 1977) and, all levels of skill:f
s of labor that might

and technical training are, therefore, likely to be needed. The type

be required include unskilled and semi-skilled laborers, technicians, farm managers, food

processing specialists, and marketing personnel, as well as a broad range of profe:ssionals
itionists, chenists, engineecrs,

from many disciplines including biologists, algologists, nutr
food scientists, geneticists, economists, and business management analysts.

For the present and near future, the aquaculture indugtﬁes‘ greatest demand will be
for unskilled and semi-skilled laborers and technicians. 1t will be necossary, then, to

i - ities i i llege
provide educat aquaculture at the secondary and community o
ional opportunities 1n aq e e the rescarch,

levels. Ultimately, the commercial production sector, ¢ h, training
and technology transfer sector, will need significant numbers of hghlg U?ﬁe£’£f-
This is particularly true if aquaculture becomes increasingly specialized an
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the pattern of development experienced by modern industrial agriculture. Ultimately, the
development of an undergraduate and graduate aquaculture curriculum will be required
in the University of Hawaii system.

The effects of rising costs of energy. Hawaii currently imports all of the petroleum
products needed to fulfill the State’s energy demands. The cost of these products has
risen steadily over the past years and is expected to continue to increase. Because of
these factors, energy is a top priority issue in the State,

Hawaii has recently taken some bold and aggressive steps toward solving its energy
problems by cstablishing a program with an emphasis on renewable and inexhaustible
energy sources that will eventually lead to energy self-sufficiency. Promising new sources
ol energy for Hawaii include geothermal, biomass, ocean thermal energy conversion
(OTEQ), direct solar energy conversion, and wind energy conversion (Energy Resources
Coordinator, 1977 Annual Report). Aquaculture can be an important component of
biomass and OTEC energy systems.

Biomass energy conversion consists of growing plant life, such as algae, sugarcane
or trees, and converting this into 2 more convenient energy form such as biogas (mostly
methane), alcohol or electricity. Several biomass demonstration projects for working out
the feasibility of key system components are currently in progress.

Ocean thermal energy conversion utilizes the temperature difference between surface
water and the colder deep water to run turbines for generating electricity. The cold
water which i3 eventually discharged is higher in nutrients compared to surface waters
and may be used for an aquaculture operation. Smallscale experiments are currently
taking place at Ke-ahole Point on the island of Hawaii to test component systems.
Large-scale pilot tests may begin next year.

The successful development of the various alternate energy sources for Hawaii will
undoubtedly help the State to become more energy self-sufficient and provide certain
energy cost savings. The cost of energy and energy-related items, however, will probably
still continue to increase. The inpuis most seriously affected are feeds, fertilizers,
pumping, equipment, supplies and transportation.

Feeds. Hawaii presently imports nearly all of its animal feed ingredients (State of
Hawaii Data Book, DPED, 1977). This problem is shared by both diversified agriculture
and aquaculture. Past attempts at producing feed ingredients locally have not always
proven economically successful. From a purely economic perspective, feed ingredients
should be produced locally only if they are able to compete with imported ingredients.

Perhaps the most significant means of reducing the State’s dependence on formu-
lated feeds is the encouragement of integrated aquaculture systems based on primary
productivity (photosynthesis) or nutrient recovery from plant, animal or domestic
waste (see “Fresh water™ above).

Fertilizers. The major ingredients for primary aquatic productivity are sunlight,
water and nutrients, Hawaili must import nearly all its fertilizer ingredients. Moreover,
nitrogen fertilizers are extremely sensitive to rising fuel costs because a tremendous
amount of energy is used in their production. Aquaculture’s dependence on fertilizers
can be reduced through the recovery of nutrients from animal and domestic waste (see
“Feeds” and “Fresh water’’ above). Other mechanisms include the use of deep ocean
{OTEC) water to supply nutrients. -
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Pumping. Pumping accounts for a substantial percentage of production costs. These
costs are directly related to the cost of energy, no matter what form of energy is used.
Fortunately, there are several ways to make pumping less expensive. The development
of alternate energy sources, together with the implementation of conservation practices,
will most certainly reduce costs. Pumping costs can be further reduced by practicing
good water quality management (see “Fresh water” above). In addition, the design of
commercial operations can utilize gravity flow wherever possible. Finally, as aquaculture
technology continues to develop, the design of closed and semi-closed systems could
not only reduce water requirements, but also reduce pumping costs.

Equipment and supplies. Much of the equipment and supplies necessary for aqua-
culture businesses are currently available through agriculture and fishing equipment
suppliers. For example, pumps and piping for water distribution systems are readily
available from irrigation supply companies. However, much of the more specialized
equipment, such as feeders, processing and handling equipment, aerators and water
quality test equipment, must often be ordered from the Mainland. As the demand for
such goods and services increases, local distributors and dealers are likely to be estab-
lished. This scenario provides another illustration of the beneficial secondary and
tertiary effects of the growth of aquaculture on Hawaii's economy.

Transportation. Transportation plays an important role in the marketing of aqua-
cuiture products. Chapter I and Sections D and E of this chapter have emphasized that
major opportunities for aquaculture as an industry for Hawaii lie in the production of
export products. Each priority species in this report has a significant export potential.
As local demands are satisfied and export markels explored, the producer must consider
how to deliver his product to the marketplace in the most timely and efficient manner.
Transportation costs, which are reflected in the sale price of the product, are parti-
cularly sensitive to rising energy costs. This is expected to have mixed effects on the
prices for Hawaii’s cultured aquatic products in Mainland markets. The rates for ship-
ping from Hawaii to the Mainland are often lower than shipping from the Mainiand to
Hawaii. This is due to the fact that more products are shipped to Hawaii than are
shipped out, often resuiting in partially filled vessels returning to the Mainland. There-
fore, aquaculture exporters may expect preferential back-haul rates to the Mainland.®
Morcover, shipping rates between the Mainland and Hawaii are generally lower than
comparable distances to other Jocales due to the higher volume of traffic between
Hawaii and the Mainland. Hawaii is, therefore, in a more favorable position than other
locations with respect to the cost of transporting products to the Mainland marketplace.

The possibility exists, however, that increased aguaculture production and exporta-
tion may have a cancelling effect on the preferential back-hau! rates. In the long run,
this intensifies the need for developing efficient, low-cost, high density shipping devices.
The transportation industry has a history of providing assistance to their customers
in meeting their specific transportation needs and can be expected to provide similar
assistance to aquaculture exporters.

Competition from capture fisheries and out-of- State aquaculture production. The

successful development of aquaculture in Hawaii is predicated on the ability of the State’s
cultured aquatic products to compete in the marketplace with products cultured elsewhere.

= From an Aquaculture Planning Program survey of surface and air transportation companies, 1977.
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and with worldwide capture fisheries. The decline in world capture fisheries is expected 1o
result in significant opportunities not only for aquaculture in Hawaii, but for aquaculture
in many foreign countries. Hawaii’s aquafarmers are likely to experience the most competi-
tion from producers in Asia, Central and South America. While it is reasonable to
assume that locally cultured products may—through import quotas and tariffs—have

an advantage over foreign-produced items, price and quality are, nonetheless, the
major determinants at the marketplace,

This chapter has discussed various factors affecting the price and quality of
Hawaii's cultured aquatic products. Major advantages include Hawaii’s warm climate,
strategic geographic location, an abundance of land suitable for aquaculture, the tike-
lihood that the State will become a major center for technology transfer and develop-
ment, and Hawaii’s political stability relative to many lesser-developed countries. Most
important, perhaps, is the fact that the State is planning now for aquaculture develop-
ment and for self-sufficiency in areas—such as energy—that are crucial to the future of
aquacuiture. Planning is important in anticipating trends and solving problems before
they become major constraints for development.
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CHAPTER 11

GUIDELINES FOR DEVELOPMENT

The rate of agquacuiture development in Hawaii can be accelerated through the
coordinated use of resources and the implementation of the actions recommended in
this chapter and further elaborated upon in Chapter 1V, “Implementation.” This will

require the appropriate timing and scheduling of activities as well as provisions for
jong-range direction. The goal of aquaculture development, together with its objectives,
policies and recommended actions, offer guidelines for the expansion of both sectors of
the industry.

Goal
The goal of aquaculture development in Hawaii is the realization of commercial
aguaculture production as a major economic activity, and the establishment of the State

as a national and international center of aquaculture expertise.

Concerted efforts to achieve this dual goal can contribute to the attainment of
several widely recognized State objectives. These are listed below,

® Provision of more, and a diverse range of, employment opportunities.

® Diversification of the economies of all Isiands.

@ Greater self-reliance in food supply by substituting locally farmed aquatic products.
e Improvement in the balance of trade by increasing exports of aguatic products.
# Reduction of development pressure on prime agricultural lands.

& Assurance of opportunities for rural residents to preserve their life-styles.




® Maintenance of open spaces.

® Enhancement of the State’s quality of life, involving ecor!_c:mic, social, cultural
and environmental components, by the wise use of Hawaii's natural and human

resources.

Objectives

Six broad objectives targeted at expanding the rate oflg_rowth in commercial aqua-
culture production and supporting aquaculture research, training and technology transfer
are listed below. The objectives, underscored by key-word subject areas, exhibit a high
degree of overlap with respect to meeting the needs of the two sectors. This is under-
standable because the activities of both fully complement each other.

1. Achieve a unified approach to Statesupported aquaculture and aquaculture-
related activities to insure that Hawaii and its people derive maximum economic

and social benefits.
2. Improve the business climate for commercial aquaculture operations.

3. ldentify new economic opportunities in aquaculture which make wise use of
Hawaii's resources.

4. Achieve leadership and excellence in national and international aquaculture
research and development, training and technology iransfer.

5. Provide a wide range of opportunities in vocational training and formal educa-
tion at all levels to meet the needs of Hawail’s aquaculture industry,

6. Establish Hawaii as a world center for the collection and dissemination of
tropical aquaculture information.

Policies and Recommended Actions

Each objective is presented and followed by a statement of rationale and a set of
policies that provide long-term guidance on how to achieve the objective. The policies,
in turn, are followed by a series of recommended actions which include a suggested
agency or agencies for implementing these actions and an appropriate schedule for imple-
mentation, Some recommendations concern the initiation and continuation of new acti-
vities, while others suggest that single, one-time-only actions are necessary. Several
recommendations confirm the need for continuing existing services, while others are of
a tentative nature because of uncertainties in financing and possible changes in
organizatijon.

Additional recommended actions which will contribute to effective implementation

are found _in Chapter IV, “Implementation,” which follows this chapter. The areas
covered will be procedure, management, organization, and budget.
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Unified Approach

Objective 1

Achieve a unified approach to State-supported aquculture and
aguaculture-related activities lo insure that Hawaii and its people
derive maximum economic and social benefits.

Rationale

In order to achicve the goal of accelerated aguaculture development through the
wise use of Hawaii's resources. it is important to develop mechanisms which can provide
3 focal point for visibility. accountability, coordination and planning. Moreover, the
recommended actions require a high degree of interaction and coordination and stress
the necessity of the multiple use of personnel and facilities. The present status does
not permit effective implementation of the recommendations without some consolidation
ond the establishment of formalized relationships among the various components.

Policies

. Encourage the formation of mechanisms that will provide unified, timely and
efficient responses to aquaculture development needs.

h.  Encourage State efforts to share the cost of developing aquacuiture with private
and other government sources.

c. Encourage a high degree of interaction with commercial producers in order to
insure that State-supported aquaculture activities are responsive to industry
needs.

d. FEncourage a high leve!l of governmental interaction to insure the timety and
effective implementation of aquaculture development activities.

Recommended Actions

a.  Assign responsibilities for aquaculture development to either the DOA or the
DINR as the lead agency fo implement the recommended actions of this
report. Assure that the administration of those aquaculture facilities currently
housed at the AFRC be under the administration of the lead agency.
{Appendix A, “"A Lead Agency for Aquacuiture Development in Hawan -
Appropriate necessary operating funds (Chapter V, “Budget and Timetable™).
Action agency: Legislature. Timing: 1979.

b,  Actively pursue national, international and pnvate f_unds_ to share the cost Oth‘
developing aquaculture in Hawaii, and assist the Umvemty qf Hawau an‘d other
groups in grant development activities with emphasis on achieving the highest
possible ratio of non-State to State funds. Action agency: Lead agency.

Timing- Continue this ongoing Service.

State hatchery activities can

. [} . b T
¢. Establish a hatchery revolving fund whereby Timing. 1979,

eventually become self-supporting. Action agency: Legislature.
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d. Interact with other State and County agencies to insure that aquaculture is
considered in their planning and development decisions. Action agency: Lead

agency. Timing: Continue this service.

e. Regularly assess producers’ needs for support services so that the State can
consider providing those services that are not ava_llai?le or limited in the private
sector. Action agency: Lead agency. Timing: Begin in 1978 and continue,

f.  Establish appropriate existing and new aquaculture facilities as jointly desig-
nated lead agency/University of Hawaii facilities. Action agency: Lead agency
and the University of Hawaii. Timing: Begin discussions in 1978 to designate
the AFRC as a joint facility and consider joint designation of new facilities

during the initial planning stages.

g.  Establish cooperative programs in research and extension and determinc the
most appropriate procedures for joint appointment of the Jead agency/Uni-
versity of Hawaii personnel involved. Action agency: Lead agency and Univer-
sity of Hawaii. Timing: Initiate upon establishment of a permanent lead agency.

h. FEstablish a program review panel to provide input from producers, distributors,
researchers, funding sources, feed suppliers and lenders, and to perform external
review of State-supported aquaculture activities. Action agency. Governor,
Timing: Create upon establishment of a permanent lead agency.

i.  Appropriate funds for the construction of outdoor experimental research and
training facilities, including fresh- and saltwater experimental ponds, labora-
tories, and classrooms to meet current and near-term needs (see Appendix B,
“Tropical Aquaculture Center for Hawaii™). Action agency: Legislature. Timing:
1978.

i.  Plan, design and construct outdoor experimental research and training facilities
(see Appendix B). Action agency: Lead agency and University of Hawan.
Tining: 1978-1980.

k. Appropriate funds for the construction of additional outdoor experimental
research and training facilities to mcet the expanded needs of research and
development, and training programs (see Appendix B). Action agency: Legis-
lature. Timing: 198].

I Plap: -design and construct additional experimental research and training
facilities to meet expanded pregram needs (see Appendix B). Action agency.
Lead agency and University of Hawaii. Timing: 1981-1983.
Business Climate
Objective 2
Improve the business climate for commercial agquaculture operations.

Rationale

The term climate refers to various activities affecting the establishment of a
successful aquaculture business. State policies and the associated development activities
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an have 2 profound effect on this climate through the removal of institutional constraint
nd the provision of loans, incentives, extension and advisory services, hatchery-produced ¥
docking material. market development assistance and other support services. Research
gimed at improving the eftmer_lcy of production and reducing production costs can make
e difference between & mqrgmal and profitable investment. The recommendations

offered in this section are atmed at fostering the successful coexistence of all scales of
commercial aguaculture enterprises.

Policies

2 Reduce or remove institutional constraints to commercial aquacuture develop-
ment.

b. Help assure reasonable access 10 credit for commercial operations.

¢ Increase the capabilities of existing and potential commercial aquafarmers in
establishing and managing their operations through the provision of needed tech-
nical support services and activities until such time as they are made available
by the private sector.

4. Encourage an increased rate of expansion in aquaculture production through
the provision of appropriate incentives.

e. Provide activities which contribute to the identification and reduction of risks
to commercial aquaculture operations.

{.  Encourage the continued assessment of sites wellsuited for commercial aqua-
culture and promote public policies which specifically identify aquaculture as
an alternate use of land and water resources.

g Encourage the provision of State assistance to identify and develop local and
export markets for Hawaii's cultured aquatic species.

. Encourage the coexistence and viability of all scales of commercial aquaculture
operations.

i,  Encourage the expansion of Hawaii’s feed industry to meet the increasing
needs of agquaculture producers.

Recommended Actions

a. Provide assistance to prospective aquafarmers regarding permit and environ-
mental requirements for aquaculture operations, including time and sequence
of filing, data requirements, issuing agency. cost and problem areas. Acnon
agency: Counties and lead agency. Timing: Continue this service.

b. Increase awareness and understanding among Federal, S_tate. and County r;gu-

Iatory agencies of the activities and processes invqlved in aquaculture produc-

tion by the dissemination of -nformation. This will enable agencies _'“’L;:;‘e“'

applications more rapidly, effectively and efficiently. Action agency:

agency. Timing: Begin in 1978 and continue.
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c.  Establish simplified administrative approval procedures for issuance of permits
for aquaculture activities through enabling legislation. Action agency: Legis-
lature. Timing: 1979,

d. Establish a central permit coordinating agency with one master permit appli-
cation form and consolidated notices and hearings at the State level. The
Federal government should also be encouraged to consolidate permit require-
ments and coordinate with the State. Action agency: Legislature. Timing:
1979,

e. Review the Aquaculture Revolving Loan Fund periodically and, when neces-
sary, make additional appropriations to the Fund. Action agency: Legislature.
Timing: Begin in 1979 and continue as needed.

f.  Provide lenders with information on the costs of construction and operation
of various types of aquaculture systems. Action agency: Lead agency. Timing:
Begin in 1979 and continue.

g.  Provide such support services as disease diagnosis and prevention, stocking
material, water chemistry and soil analyses, as well as advice on site selection,
permits and business and pond management to existing and prospective aqua-
farmers as needed (refer to Chapter IV, “Implementation”). Action agency:
Lead agency and University of Hawaii. Timing: Continue existing services and
provide new services as needs arise and resources allow.

h.  Provide property and excise tax incentives to aquaculturists for specifed periods.
Action agency: Legislature. Timing: 1979-1984.

i.  Provide long-term leases of State lands to aquaculturists at reasonable rates.
Action agency: Department of Land and Natural Resources. Timing. Begin in
1978 and continue.

J. Continually identify and publicize through brochures and bulletins significant
risks associated with operating aquaculture enterprises. Action agency: Lead
agency. Timing: Begin in 1979 and continue,

k.  Establish additional agriculture/aquaculture parks so that aquafarmers can
benefit from production and distribution economies as well as special land-
use regulations. Action agency: Department of Agriculture and Department of
Land and Natural Resources. Timing: Begin in 1979 and continue.

l.  Interact with economic, land and water-use, and other resource planning
efforts to:

1. Encourage aquaculture operations on lands identified as suitable for aqua-
culture development.

2. Discourage the urbanization of lands well-suited for aquaculture,

3. Encourage projects which increase the availability of water for aqua-
culture.
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4. Provide input concerning uses of aquaculture technologies and their
economic, social and environmental impacts.

Action agency. Lead agency. Timing: Begin in 1978 and continue.

it e et o il S < A \.—J!

m. Establish aquaculture activities as permitted uses within conservation districts.
Action agency. Department of Land and Natural Resources. Timing: 1978,

n. Consider the feasibility of restoring representative Hawaiian fishponds as
historical features, tourist attractions and possible sites for commercial aqua-
culture operations, Action agency: Legislature. Timing: 1979,

el 2

o. Continue to assess sites for aquaculture with particular attention to sites
suitable for coastal or open-sea mariculture as well as unutihized and under-
utilized lands. Action agency: Lead agency. Timing: Continue this service.

Establish and maintsin a reporting activity for Hawaii’s cultured aquatic
products. Action agency: Lead agency. Timing: Begin in 1980 and continue.

=

o gk ot

q. Assist producers in the timely implementation of product development

_ projects for freshwater prawns and other cultured products. addressing such

3 areas as consumer awareness and the establishment and expansion of local

3 and export markets. Action agency: Lead agency ani the Department of

) Planning and Economic Development. Timing: Begin immediately and continue.

¢, Assist in the establishment of high quality standards for Hawaii's cultured
aquatic products. Action agency  Lead agency. Timing: Begin immediately and
continue.

s, Monitor national and international levels and prices of production, sales and
] inventories which affect aquatic products cultured in Hawal. Action agency:
: lead agency. Timing: Begin in 1980 and continue.

t. Work with other agencies to provide assistance to commodity associations
and/or cooperatives. Action agency. Lead agency and Hawaii Cooperative
Extension Service of the College of Tropical Agriculture, University of Hawaii.
Timing. Continue this service.

u.  Support directed research to reduce production costs, increase yieids, and
develop new product forms of species currently under culture in Hawaii. (New
facilities are required. See Objective 1, Actions j, k, 1 and m.} Action agency.
Lead agency. Timing: Continue this service.

New Economic Opportunities

Objective 3

Identify new economic opportunities in aquaculture which make wise
use of Hawaii's resource base.

Rationale

In order for aquaculture in Hawaii to reach its full potential while appropnately
utilizing available resources including both fresh and salt water and both prime and marginal
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lands, diversity of species and culture systems is essential. A phased approach to species
development is recommended and presented in Chapter v, “Implementation.” This
methodology will insure that the proper candidate species is selected and brought from
candidacy to commercial culture on a least-cost basis.

Policies

a. Encourage the development of culture techniques for species which can substi-
tute for imported aquatic products or which have significant potential for
export.

b. Promote the use of unutilized or underutilized land and water resources for
aguaculture.

c. Encourage the examination of energy production, waste-recovery and water
conservation techniques for application in aguaculture.

d. Encourage aquaculture activities which contribute to both commercial and
recreational fisheries.

e. Promote efforts towards increasing the efficiency of aquaculture systems through
polyculture and integration with other food systems, and the multiple use of
resources.

Recommended Actions

a. Support the demonstration, under local conditions, of the commercially viable
culture of species or species-groups whose culture technologies have been
developed elsewhere. (New facilities are needed. See Objective 1, Actions i, k,
1 and m.) Action agency: Lead agency. Timing: Continue this service.

b. Provide funds for research on a costsharing basis aimed at providing a basic
understanding of life cycles and environmental requirements of promising
species. (New facilities are needed. See Objective 1, Actions j, k, 1 and m.)
Action agency: lead agency. Timing: Continue this service.

c. Provide funds for testing the applicability of using aguaculiture technologies
as components in Ocean Thermal Energy Conversion (OTEC) and biomass
energy systems, Action agency. Lead agency. Timing Begin in 1979 and
continue.

d. Provide funding to investigate the technical and economic feasibility of using
aquaculture f_or livestock waste recovery and wastewater recylcing and/or
disposal. Action agency: Lead agency. Timing: Begin in 1978 and continue,

e. Provide funding to determine the potential of aquaculture effluents for
terrestrial crop fertilization and irrigation. Acfion agency: Lead agency. Timing:
Begin in 1979 and continue.

f. Demonstrate _the feasibility of using various cultured species as bait for pole-
and-line (skipjack tuna) and long-line fishing as well as for recreational fishing.
Action agency: Lead agencies for fisheries and aquaculture development.
Timing: Continue this service.
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g Study the potential of enhancing natural populations of popular sport fishes
through release of hatchery-reared juveniles, Action agency: Lead agencies for
fisheries and aquaculture development. Fiming: Continue this service.

Excellence in Research and Development,
Training and Technology Transfer

Objective 4

Achieve leadership and excellence in national and international aqua-
culture research and development, training and technology transfer.

Rationale

Significant opportunities exist for Hawaii to become a leader in national and inter-
national aquaculture R&D, training and technology transfer. Hawaii’s strategic location
relative to Asian and Pacific countries, its diverse climate which represents nearly all the
major climatic regions, soils, and other conditions found in the developing world, and its
acknowledged expertise in aquaculture are essential ingredients for success. In addition
to bringing substantial research and training dollars into the State, creating additional
jobs and an increased demand for goods and services, the realization of this objective
will contribute to the achievement of nearly all other aquaculture development
objectives.

Policies

a. Increase local, national and international awareness of the advantages of
Hawaii’s geographic location, climate, resources and long-standing ties with
Asian and Pacific countries in research, training and technology transfer
programs.

b. Strengthen Hawaii’s technical resource base,
¢. Encourage the development of additional facilities.
Recommended Actions

a. Bring aquacalture meetings, conventions, seminars, conferences, workshops,
symposia, etc., to Hawaii, and support the participation of Hawaii’s aqua-
culture community when these gatherings are held out-of-State. Acfion agency:
Lead agency, DPED, University of Hawaii, East-West Center. Timing: Begin in
1979 and continue.

b. Initiate advanced training programs for foreign government administrators,
technicians, instructors and advisers involved in aquaculture development.
Action agency: University of Hawaii and East-West Center. Timing: Begin in
1979 and continue.

c. Develop cooperative programs with other leading umversities or organizations
which would include exchanges of aquaculture specialists, and provisions for
visiting professors and researchers. Action agency: University of Hawaii
and East-West Center. Timing: Begin in 1978 and continue.

149




d. Develop interdisciplinary programs which would encourage a lateral mavement
of specialists in traditional disciplines in other areas of investigation into the
field of aquaculture. Action agency. University of Hawaii. Timing: Begin in
1978 and continue.

Vocational Training and Formal Education

Objective 5

Provide a wide range of opportunities in vocational training and formal
education at all levels to meet the needs of Hawail's aquaculture
industry.

Rationale

The availability of a sufficient pool of gualified personnel for all aspects of
aquaculture is fundamental to the realization of Hawaii’s aquaculture goal. Vocational
training and formal educational curricula should be planned to be in harmony with
the expanding needs of the industry.

Policies

a. Encourage the development of aquaculture courses and/or curriculum to
meet the needs of secondary, community college and university undergraduate
and graduate students. '

b. Encourage practical training activities which address the neceds of Hawaii's
aquaculture community.

Recommended Actions

a. Develop a curriculum plan in aquaculture for the entire University of Hawai
system including instruction, field experience and advance training to provide
a base of skilled technicians and researchers. Action agency: University of
Hawaii. Timing. Begin in 1978 and continue.

b. Include the subject of aguaculture in vocational agricultural or marine science
studies at the secondary educational level to provide a labor base for Hawaii’s
aquaculture producers. Action agency: Department of Education. Timing:
Begin in 1980 and continue.

c. Initiate training programs to meet the specific needs of Hawaii’s aquaculture

technicians and managers for refinement of skills. Action agency. Lead agency
and University of Hawaii. Timing: Begin in 1979 and continue.
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Information Center

Opjective 6
Establish Hawait as a center for the collection and dissemination of
ropical aguaculture information.

Rationale

The rapid rate of new technological developments in aquaculture points to the

wed for a mechanism to provide for the efficient collection and dissemination of infor-

mation. This mecha '
development activities. to the improvement of the business climate, to the idenftification

of new €conomIC opportunities. and to the establishment of Hawaii’s leadership and
excellence in national and international programs.

Policies

Encourage the development of formal relationships with national and inter-
national organizations and agencies for the purpose of information exchange.

Promote Hawaii’s geographic and cultural advantages as a focal point for
information exchange.

tablishment of effective mechanisms to address the informa-

¢. Encourage the es
} production and scientific communities.

tional needs of both the commercia

Recommended Action

center for compiling and exchanging intorma-
| development activities of local, national
ding decisions and early application of

Establish an aquaculture information
tion on aquaculture research and commercia

and jnternational entities to assure informed fun
the most recent results, and to avoid duplication of effort. Joint State/Federal and

international funding of this activity should be actively pursued. Action agency: Lead
agency, University of Hawait and Legislature. Timing: Begin negotiations in 19?8 to
establish formal arrangements with Federal and international agencies and continue (o
phase in activity as relationships are established.
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CHAPTER IV

IMPLEMENTATION

Accelerating the rate of aguaculture development in Hawaii will require the
implementation of specific actions by the principal “action agencies” recommended in
fhe previous chapter: (1) the Governor and the Legislature, (2) the various State and
County agencies, (3) the University of Hawaii, and (4) the aquaculture lead agency.
The first section of this chapter presents the actions recommended for the first three
isted. The remainder of the chapter offers suggestions on how to achieve effective
implementation of those actions to be carried out by the lead agency through an
ncrementat approach in response to emerging needs. Several actions call for the
combined efforts of the lead agency and the University of Hawaii (joint implemen- B i
wation). This emphasizes the need for joint programs, appointments and facilities to SR :
woid duplication, as well as to increase effectiveness, Where there is joint implemen-
mtion with the lead agency, the action is discussed under “‘Lead Agency.”

Governor, Legolature, State and County
Agencies and University

The Governor and the Legislature

The Governor and the Legislature have demonstrated their commitment to aquacuiture
development by designating aquaculture as a priority economic endeavor, enacting measures
to reduce red tape, establishing a loan program, and making appropriations for'support
xrvices, facilities, and research and demonstration. The following recommendations

would build vpon this strong support:

aquaculture development to either the DOA or the

DLNR to implement the recommended lead agency actions of this report.

Assure that the administration of those aquaculture facilities currently housed

at the AFRC be under the administration of the iegd agenc;;:‘(see Appcr}du& |
A, “A Lecad Agency for Aquaculture Development in Hawail ). Appropriate ,:'
necessary operating funds (see :

Chapter V, “Budget and Timetable™). Action
agency: Legislature (Objective 1, Action a)

1. Assign responsibilities for

»\.‘W.




Establish an advisory body to provide input from producers, distributors,
researchers, funding sources, feed suppliets and lend§rs, and to pejrf()rm external
review of State-supported aquaculture activities. Action agency: Governor
{Objective I, Action hJ.

Appropriate funds for the construction of outdoor, e)'(perimental research and
training facilities, including fresh- and saltwater experimental ponds, labora-
tories, and classrooms, to meet current, near-term, and expanded needs (see
Appendix B, “Tropical Aquaculture Center for Hawaii”). Action agency:
Legislature (Objective 1, Actions i and k)

Provide property and excise tax incentives to aquaculjurists for specified
periods. Action agency: Legislature (Objective 2, Action h).

Review the Aquaculture Revolving Loan Fund periodically and, when necessary,
make additional appropriations to the Fund. Action agency: Legisiature (Objec-
tive 2, Action e).

Establish a hatchery revolving fund whereby State hatchery activitics can even-
tually become self-supporting. Action agency. Legislature {Objective 1, Action
c).

Establish a central permit coordinating agency with one master permit appli-
cation form and consolidated notices and hearings at the State level. Action
agency: Legislature (Objective 2, Action di.

Establish simplified administrative approval procedures for issuance of permits
for aquaculture activities through enabling legislation. Action agency: Legisia-
ture {Objective 2, Action ¢/,

Consider the feasibility of restaring representative Hawaiian fishponds as
historical features, tourist attractions and possible sites for commercial agua-
culture operations. Action agency. Legisiature (Objective 2, Action n).

State and County Agencies

State and County agencies have a broad spectrum of responsibilities affecting aqua-
culture, from education to economic development, to planning and regulating land and
water uses. Since many State and County planning documents recognize aquaculturc as a
desirable economic activity, a greater degree of participation in aquaculture development
can be expected in the future. The following actions identify specific areas for long-term
contributions.

1.

Provide assistance to prospective aquafarmers regarding permit and environ-
mental requirements for aquaculture operations, including time and sequence
of filing, data requirements, issuing agency, cost and problem areas. Action
agency: Counties and lead agency {Objective 2, Action a).

Provide long-term leases of State lands to aquaculturists at reasonable rates.
Action agency: DLNR (Objective 2, Action i)

Establish additional agriculture/aquaculture parks. Action agency: DOA and
DINR (Objective 2, Action k),
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4. Establish aquaculture activities as permitted uses within ; —
Action agency: DLNR (Objective 2, Action m). conservation districts,

5. Include the subject of aquaculture in vocatio
studies at the secondary educational level, 4
Action b)

nz_tl agricultural or marine science
ction agency: DOE (Objective 5,

University of Hawaii

The University of Hawaii has the opportunity to play a major role in local
national and international aquaculture development programs. As pointed out in Chapter
I, recently enacted Federal legislation, with important provisions for funding, could
result in an increased number of significant research and training programs at the UH.

It is anticipated that these will draw upon the resources of State agencies, the East-
West Center, the Oceanic Institute, and other private institutions.

The UH'’s College of Tropical Agriculture, the principal eligible State recipient for
this funding, has submitted proposals which, if approved, will greatly expand the Uni-
versity’s role in RT&TT activities and contribute to substantial growth in Hawaii’s
RT&TT sector (Hawaii Business, February, 1978).

By implementing the actions listed below and working closely with other State
agencies and private concerns, the University can establish Hawaii as a center of aqua-
culture expertise. This effort will also provide considerable benefits for commercial
aquaculture in Hawaii as well as many countries of Southeast Asia and the Pacific
Rasin,

1. Develop cooperative programs with other leading universities or organizations
(Objective 4, Action c).

2.  Develop interdisciplinary programs which would encourage a lateral movement
of specialists in traditional disciplines in other areas of investigation into the
field of aquaculture (Objective 4, Action d).

3. Develop a curriculum plan in aquaculture for the entire University of Hawail
system (Objective 5. Action a).

4. Initiate advanced training programs for foreign government administrators,
technicians, instructors and advisers involved in aquaculture development
(Objective 4. Action b).

Lead Agency

It is essential that State efforts in aquaculture planning, research and development,
i support be effectively coordinated. At present, no single State agency has the
®ontinuing authority to bring consistency of purpose to aquaculture development, nor
B any single organization assigned to conduct a comprehensive program for stimulating

Private sector involvement. A lead agency can provide the necessary authority, feSPOHﬂ'.

bility, visibility, and accountability for continued State aquaculfure development.
Criteria and candidates for the lead agency were examined as part of the Aqua-

cuiture Plannin i “A Lead Agency for Agquaculture Deveiop-
v g Program {see Appendix A, v 1 .
Ment in Hawaii”). It is recommended that the State Legislature designate either the
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DOA or DLNR as the lead agency to implement recommendations of this report. It is
further recommended that the administration of those aquaculture facilities currently
housed at the AFRC be a function of the lead agency {Objective I, Action a).

There are 30 recommended actions, including those currently performed by the
ADP or AFRC, which are the sole or joint responsibility of the'lead agency. All of the
lead agency actions for both new and ongoing activities can be lmplement'ed through a
State aquaculture program (see Figure 4). This aquaculture program contains three
program areas: (1) Management, (2) Support Services, and (?) Species De_velopment_
Management is essential not only to cocrdinate support services and species development
programs, but also to direct their activities towards the achievement of the following:

1. Consolidate current and future State aquaculture development activities within
the lead agency.

7. Institutionalize mechanisms for program planning, management and review.

3. Develop formalized arrangements and cooperative programs between the lead
agency and the University of Hawaii in research and extension services.

4. Provide technical and business management support services.
S, Fund research directed at reducing production costs and increasing yields.

6. Develop new species or systems through applied research and economic feasi-
bility demonstrations.

Figure 4 is not a recommended organization, nor is it predicated on the choice of a
lead agency. It points, rather, to the need for gstablishing an organizational structure
within the lead agency which would encompass those activities essential for accelerating
the rate of aquaculture expansion in Hawaii. Descriptions of the program areas must,
therefore, be presented in general terms since specific points of internal organization can
be addressed following the designation of a lead agency and the legislative confirmation
of its functions.

The three program areas contain a total of 11 essential functional elements. Some
of the activities identified under each element presently exist, while others may be
provided as additional needs arise and resources permit. Those activities identified by
a single asterisk should receive immediate consideration. Those activities identified by 2
double asterisk should be implemented on a priority basis over the next three to five
years.

The following section of this chapter describes the program areas together with
their functional elements. The discussion of each element includes the principal purpose
(in italics), a representative list of activities, a statement on the element's relevancy, a3
description of the present organizational status and proposed changes.

Management

The management program area consists of three functional elements: (1) Manage-
ment, (2) .Re\new, an_d (3) Planning. Benefits likely to be realized from effective man-
agements include an increased responsiveness to industry needs, a more favorable cost/

benefit ratio for State investment and a greater consistency of purpose through long-
range direction.
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Several points of consideration for managing the State aquacultu@ progiam are:
(1) industry involvement, (2) joint arrangements, _(3) -non-State matching _ft_mds., and
(4) multiple-use of facilities and personnel. Each is discussed belov:’. Additional manage-
ment recommendations will be found in Chapter V, Budget and Timetable,

Early industry involvement in setting program priorities should be emphasized,
particularly in areas of research directed at improving production and support services.
A program review panel, including persons from the State’s aqlilaculture community,
can provide this type of communication. (See Objective 1, Action h for recommended
panel composition.) However, in addition to this formal group, a high level of informal
interchange should be maintained with local indusiry members and/or their representa-
tives to identify present and potential problem areas and to follow through with
appropriate solutions.

The possibility of joint program arrangements between components of the lead
agency and the University of Hawaii should be explored in order to optimize the use
of State resources. Such arrangements could be implemented through the joint desig-
nation of research facilities, and joint appointments of personnel for extension/advisory
services and research. In addition to enabling both to share resources more efficiently,
this strategy can result in: (1) 2 more competitive position for both entities in develop-
ing new sources of funds, (2) opportunities for mutual exchange of information,

(3) opportunities for a common technical resource pool, and (4) oppertunities for the
transfer of commercially proven aquaculture technology.

Aquaculture in Hawail is expanding at such a rapid rate that sole financial support
of development activities is beyond the State’s capabilities. There necessarily must be a
high level of costsharing with Federal and private groups. Efforts should be made to
establish joint programs with the National Marine Fisheries Service in marketing, and
the U.S. Fish and Wildlife Service in diseasc prevention. It is particularly important
to continue research funding support from the Office of Sea Grant and other sources.
Available Federal sources of funding should be continually explored and areas where
private industry can contribute to development should be identified and pursued.

The State’s resource base for aquaculture development, e.g., personnel and facilities,
can be utilized most effectively through the application of the multiple-use concept.
This concept can apply to species projects concurrently or sequentially using a State
outdoor pond complex for performance evaluation tests and/or development projects.
Multiple-use would relieve a species program coordinator from the responsibility of oper-
ating and maintaining the facility and allow concentration on other responsibilities.

The individual would be free, for example, to conduct and evaluate performance evalu-
ation tests and formulate species development plans. Depending on the availability of
facilities and other resources, four or more projects (two species performance evaluation
projects and two species development projects} could be carried out simultaneously.

Management

'["he principal‘ purpose of the Management function element is to plarn, organize,
coordinate, and direct the use of personnel, facilities, and other resources for carrying
out aquaculture development programs. The major activities are:

L. Formulates State priorities for aquaculture development,

2. Works toward establishing unified State policies for aquaculture development.
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3. Provides a visible contact point for aguaculture interests

4 Actively seeks non-State funds to

support aquacultur
ment, and demonstration projects. © research and develop-

e

5. Coordinates State development activities with national and international
programs.

6. Provides a balanced program for support services,

and for rese
ment through the allocation of State funds, arch and develop-

7. Establishes lines of communication between agencies carrying out activities
relating to aquaculture development,

8. Reviews research proposais requesting State funds and eliminates duplicati
of effort through the exercise of fiscal control. Uplication

Act 12 of the first Special Session of the 1977 Legislature authorized the establish-
ment of the Aquaculture Development Program (ADP) within the Department of Planning
and Economic Development (DPED) to serve as the interim lead agency for aquaculture
development. As the interim lead agency, the ADP prepares a consolidated budget,
reviews proposals for State funds in accordance with established priorities, and allocates
funds for research and development projects, advisory projects, and support services.

The ADP’s management functions should be assimilated by the permanent lead agency
upon its establishment.

Review

i
d
!

The major purpose of the Review section is to insure that State priorities and
programs meet current and emerging needs of the industry. Representative activities are:

1. Obtains input from representatives of the industry, funding agencies and the
scientific community.

2. Evaluates and reports on the effectiveness of ongoing programs and the time-
liness and need of implementing new programs.

3. Performs annual review of support service programs, and species performance
evaluation and development programs.

The Aquaculture Advisory Council and Liaison Committee, appointed by the ‘
Governor, has periodically advised the Director of the DPED on aquaculture planning,
research, and development matters. Concurrent with the establishment of the permanent

agency. a program review panel, composed of representatives_from the Lpdu_stry
(producers, distributors, feed suppliers, lenders), funding organizations and scientific

community. should be appointed to provide an annual review of State-supported aqua- f}
lture projects and programs. /
Planning j/

The Planning function element will assess constraints and resource potentials fo;‘es g
Squaculture expansion and make recommendations for the development of new spec P f

ad products. Six initial activities are:
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1. Formulates recommendations for State policies and programs for aquaculture
development;

2. Assists in preparing aquaculture budget requests and legislation.
3. Interacts with State and County economic and resource planning agencies.

4. Provides initial bictechnical and economic evaluations of candidate species
for culture.

5.  Assists project team leaders in designing development programs for selected
species.

6. Acquires baseline data and periodically updates resource inventories.

The examination of aquaculture potentials is an ongoing function of the ADP.
Continued planning is necessary to guide the selection of appropriate species for Hawaii,
and to design programs for the development of commercial production. Assessments
should continue to recognize the dynamic nature of aguaculture with respect to advances
in culture technologies and the emergent needs of producers. The planning function
should be assumed by the designated lead agency with input provided by representatives
from industry, funding organizations, and the scientific community via a program review

panel.
Support Services

Once first commercial culture has been demonstrated, public provision of support
services becomes a major factor in the rapid and effective growth of the private sector,
This has certainly been the experience of agricultural commeodities and most aqua-
culture species, including catfish and trout. Such support services include a broad array
of techmical and business management-related activities which, by helping to solve
production and post-production problems, can contribute to both technical and financial
success of individual enterprises. Public provision of this support to a young industry
can be justified because both small- and Jarge-scale aquafarmers often have inadequate
“in-house™ capabilities, Moreover, expertise in a particular area may not be available
in the private sector.

In Hawaii, the State has the opportunity to provide key support services through
enhancing existing activities, establishing joint arrangements with Federal and University
programs or developing new services. Five somewhat overlapping elements are needed:
(1) loans, (2) extension/advisory information, (3) analytical services, (4) market develop-
ment and reporting, and (5) hatchery facilities. These elements are reflected in numerous
national and international planning documents and should form the core of available
public support services in Hawaii.

Initial emphas@s should be on freshwater prawn farming. However, the resources
used to support this sector can be applied to a wide variety of existing and proposed
species and systems.

Loans

The principal purpose of this functional element is to administer the State Agqua-
culture Loan Program which makes direct loans, participation loans and loan guarantees.
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, losely with commercial banks
program works ¢ WIth commercia » the Farmers H inistratj
I::thc small Business Administration, in helping private industry ;ﬁ:ﬁaﬂ:ﬂaﬁuanon,

The Aquaculture Revolving Loan Program, since its inception i

istered by the Farm Loan Division (FLD) of the Dep;?;m(:r‘ntltf!igi’aljltasm? e(EOA
The number of loans granted under the Aquaculture Loan Program has not approached >
ihe volume of agriculture 'loans; however, the demand for loan funds is expectfd to
parease in the future. It is recommended that the administration of aquaculture
pans remain in the DOA until such time as circumstances suggest a reevaluation for
transferring the Loan Program to the aquaculture development unit of the designated

lead agency.

Extensionfadvisory [nformation

The extension/advisory element provides advisory, educational, and extension
services to Hawaii residents and aquafarmers. Some of the representative activities

nclude:

. Participates in joint extension/advisory programs with the University of Hawaii.
2. Provides advice on permit requirements.

3. Provides assistance in locating sites for commercial aquaculture ventures.

4. Continually identifies information needs and undertakes efforts to fill them.

5. Maintains cognizance of research and industry developments.

6. Transfers information through workshops, symposiums, training sessions and
other means.

7. Develops a library of aquaculture films, shides, books, pamphlets, photographs,
news clipping documents, and other materizls for use by the aquaculture
community and the general public.

8. Provides reference services.

9.  Improves the efficiency in the flow of communication t?y designing and imple-
menting an in-State and out-of-State computer information network.

s in all biotechnical phases of prawn farming,

The AFRC provides extension service o
of ponds, permeability of

including site selection (topography of the site and layout ,
il and volume and reliability of the water source, design and construction of po_nds.
stocking and management techniques, harvesting methods, and POSI‘}}W"S" handling and
preparation of prawns for marketing. The ADP augments the AEI_(C s extension services
by providing prospective farmers with information on the smltablhty of lands for aqua-

and permit requirements. The ADP works together with the Sea Granmeﬂz
Advisory Program (MAP) and the AFRC to prepare brochures, slide presentatiof t4
Bims on aquacuiture in general, and on prawn farming in particular. The ﬂawaut
operative Extension Service (HCES) of the College of Tropical Agriculture mnno his
cutently involved in aquaculture extension activities. However, sinc the glﬂ :Jgrfiversity
P’?ﬂ named as the coordinating unit for all aquaculture a.ctmnf:s within the o incluzie
s recommended that the College's extension programs 1n agriculture €xpan
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aquaculture. It is particularly important to 1 ntain the close relationship of aquaculture
advisory service activities and research progra.ns. As such, the State’s capabilities in
extension services and training can be significantly increased by the establishment of
cooperative arrangements between the State’s lead agency, the MAP, and the HCES,

Analytical Services

Analytical services provide commercial producers with analytical laboratory
services. Three initial activities of this element are:

1. Identifies and catalogues diseases and recommends treatrnents.

2. Examines shipments to certify that stocks entering the State are disease-free,
and provides quarantine services.

3. Provides sotl and water chemistry analyses.

Analytical services are closely aligned with extension/advisory services. On
July 1, 1978, the ADP, in close cooperation with the AFRC and the DOA's Plant
Quarantine Division began providing disease identification and prevention services to
Hawaii’s aquaculture community for species that are presently commercially cultured or
bring investigated for culture. This service is essential to assure that aquacultured species
remain disease-free and should be assumed by the designated lead agency. The lead
agency should explore the possibility of forming a cooperative program with the U.S.
Fish and Wildlife Service to further increase the State’s capability to provide disease
prevention services. This program is especially important for establishing an aquaculture
“seed” production industry in Hawaii.

Upon completion of construction of a biclogy/chemistry laboratory, the AFRC will
be equipped to provide aquaculturists with water chemistry analyses. In addition, its
capabilities in water quality and pond ecology studies will be greatly strengthened. Soil
analysis services are not provided by the ADP, but should be made available if resources
permit.

Market Development and Reporting

Market development and reporting underfu. s market development activities for

aquaculture products and collects, evaluates, and reports market statistics. The major

activities of this element are:

1. Promotes Hawaii-grown aquaculture products by undertaking consumer-
awareness and markei-testing programs.

2. Assists producers in developing quality standards for aquaculture products.

3. Develops and maintains a periodic market reporting service on market outlets,
prices, and volumes sold.

4. Projects trends in prices and the absorption cap.city of markets in terms of
prices, and evaluates demand potentials.

162



There is currently no specific State-assisted activity for market development and
sales promotion for cultured aquatic products. However, the Economic Development
Division (EDD) of the DPED has provided assistance to aquaculturists through its
Industry and Product Promotion Program and intends to continue this valuable service.
The ADP has allotted a portion of its budget for FY 1978-79 to assist the Hawaii
Prawn Farmers Association in expanding the market for freshwater prawns. Market
promotion and development activities are expected to be undertaken through a co-
operative effort involving the EDD, the AFRC, the University's Cooperative Extension
Service, and the Marketing and Consumer Services Diwvision (MCSD) of the DOA. The
lead agency should explore the possibility of establishing a market reporting and
analyses service for cultured aquatic products through cooperative efforts with the
National Marine Fisheries Service.

o
‘

R

Hatchery Facilities

The principal purpose of the Hatchery Facilities functional element is to provide
stocking material to commercial operations and researchers.

The provision by the AFRC of juvenile prawns to farmers under two-year
cooperative agreements is the most important reason that freshwater prawn farming has
been established and expanded. After the initial period of the agreement, stocking
material is provided on a cost basis. As the industry expands, the demand for stocking
material will exceed the State’s capacity for producing juvenile prawns, and will kikely
lead to establishment of private hatcery operations to meet market demands for
juveniles. Since the AFRC’s facility is designed to spawn most forms of aquatic
animals in fresh, brackish or salt water, research efforts could be focused towards the
gradual development of mass-rearing technologies for producing stocking material for
other commercially important species. The administration of these facilities should be
assumed by the designated lead agency.

o

s e e e
PR RTINS

Species Development—Establishing Commercial Culture of Other Species for Hawaii

Economic benefits for Hawaii can be increased by encouraging the commercial
cukture of species which utilize different sets of resources and/or supply different
segments of the fisheries market. The first requirement is the identification of those
aquacultured species suitable for local climatic, economic and resource conditions.

The following section first presents a procedure for identifying, testing and developing
new commercial species, and alse discusses the functional elements of the State’s agua-
culture development program that would bring the species from candidacy to
commercial culture.

AR L AN S o i S oA dton B AR NN

Developmental Stages for an Agquaculture Species
from Candidacy to Commercial Culture

: An essentially sequential approach to identifying and developing new commercial
2 aquaculture species for Hawaii (Figure 5) is recommended. The major categories are

¥ (1) 8creening, (2) Performance Evaluation, (3) Planning, {(4) Development, and (5) Indus
try. The approach is modeled after the selection process ntilized in identifying the nine
priority species-groups and three secondary species-groups discussed in Chapter IL

A systematic approach will help insure that the best candidate species are chosen
for development activities and effective development is carried out maximizing the
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1o’ investment. It should be emphasized that this is 2 reco ,
?:tguw supported developmental efforts. Private producers ha?emfl?:?pggﬁr?f ?12) tactmn
ollowing this sequence. As Flgure 5 illustrates, there are cases where certain stages
py-passed. For example, private prqduoefs may feel that the technology for agz T—ay

i sufficiently advanced for Stage 6, First Commercial Demonstration (the case of Eﬁa:sl
affish), of they may be able to obtain stocking material from outside the State (the ne
ax of oysters and clams). The use of State hatchery technology (Stage 4) would not
merefore, be required. It should be unt_:lerstood, however, that before State resources
(dollass, personnel, etc.) are organized in a development effort, an evaluation of the
gformation that would be gained by completing each stage should be made by the

Sate aquaculture program.

i
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The activities encompassing each stage of development are discussed below. The

ss assumes that all candidate species in a State-supported effort would pass—at a
gmmum—through Stages I, 3 and 6 before proceeding to Stage 7.

Screening

Stage 1. The first stage, Screening for Selection, selects candidate species with
sgnificant potential for commercial culture in Hawaii. Suggestions for candidates can
@me from both public and private sources. This process, which is expected to take
from three to six months, consists of a thorough review of the pertinent literature,
gtters of inquiry to leading researchers familiar with the species and, perhaps, site visits
to research and commercial culture operations. Emphasis will be on acquiring information
i the lollowing areas: biological and biotechnical state-of-the-art, markets, necessary
msowrces, economics, and legal/social/environmental considerations. Information gathered
wil be evaluated utilizing an information display system illustrated in Appendix C.
This initia] evaluation procedure favors the selection of those species which, because
tey have fewer or less baffling problems associated with their culture, can be
deweloped into an industry with a minimum State investment. Species identifted as
varanting more intensive evaluation will generally show (1) a high probability of
wst-effective culture in Hawaii, and (2) good potential to develop into a significant
aport industry for Hawaii. Candidate species with serious technical problems associ-
ded with their culture and/or questionable market potential are eliminated from con-
sferation at this stage without expenditure of research funds. However, these species
my be reexamined at a later time,

e 4 1T e WL
-

Performance Evaluation

, Stage 2. The second stage. Performance Evaluation, consists of a preliminary gvalu-
#on of the growth performance in Hawaii of those species that have passed Stage 1.
]7“5 activity is estimated to take from one to three years. Critical areas such as en-
wonmental tolerances, reproductive biology, production methods, phym‘cal hol(‘img
ystems and elementary production economics are investigated. Those biotechnical
moblems identified are studied to find workable solutions, although further reﬁngmept
¥l probably be necessary at a later date to reduce costs In many cases, Stage 2 will
“nsist of a demonstration in Hawaii of technology developed elsewhere. If the problerns
dentified prove to be beyond local resource capabilities for short-term (1 - 3 years)
!Bluti‘oﬂ_ the species should be rejected without additional expenditure. Again, decisions
U this point can be reevaluated and researched further at a later time.

.
o
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Planning

Stage 3. The third stage, Planning, requires the preparation of a development plan
for the potential commercial species. This activity, which should last three to nine
months, is a prerequisite to the initiation of Development (stages 4, § and 6).

The plan includes an evaluation of the species’ current state-of-the-art for culture (based
on data gathered from stages | and 2) and recommends specific actions necessary to
develop commercial culture. The plan also includes detailed discussions of hatchery,
growout, harvesting, post-harvest handling, and processing metheds, as well as the
extension/advisory, analytical support, and product promotion services needed for com-
mercialization and the future expansion of the industry. The plan also provides a
preliminary cost/benefit analysis for the State and allows for the identification of
critical areas; for example, the timing of market development activities to supply and
demand.

Development

State development of selected species is estimated to take from three to eight
years, and consists of three stages: Hatchery Techmnology, Growout Technology, and
First Commercial Demonstration,

Stage 4. The fourth stage, the provision of stocking material from either the State
(free or at cost) or private sources is viewed as a major factor in initiating commercial
aquaculture operations. The main purpose of the fourth stage, Hatchery Technology, is
to encourage commerdalization through the development of techniques for mass-rearing
stocking material once routine reproduction in captivity has been accomplished. These
techniques can be based on technologies developed in Hawaii or elsewhere.

Stage 5. The fifth stape, Growout Technology, consists of the scientific demon-
stration and evaluation of essential growout techniques. The State can support private
commercial-scale demonstrations of techniques used in stage 2. Critical arcas of investi-
gation include the determination of optimum physical rearing systems, stocking densi-
ties and intervals, feeding regimes, systems management and harvesting methods. In
situations where well-established technology is brought into the State, this stage may
be effectively combined with stage 6.

Stage 6. The sixth stage, First Commercial Demonstration, demonstrates the tech
nicai and economic feasibility of culturing candidate species. This is a pivotal peint
in the development process because it represents the first private sector investment
in commercial activities. Profitability may, at first, be low so the State or private groups
may have to undertake directed research aimed at reducing production costs. During this
period of commercial demonstration, such support services as extension and advisory,
marketing, water chemistry and soil analyses, and disease and pathology monitoring,
are examined and modified to accommodate the new species.

Industry Support

Stage 7. The seventh stage, Commercial Production, occurs some time after First
Commercial Demonstration when total production of the species becomes significant,
This stage generally corresponds to the recognition by both the aquaculture community
and private lending institutions that viable commercial production has been clearly
demonstrated and a record of proven success, or a “track record,” has been established.
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' The provision of the aforementioned support services (stage 6) will play a key role in
- thee expansion of the industry. Research directed at improving production and reducing

- -costs would continue to the point of diminishing returns. As production expands, the
-+ fignely implementation of species specific market development and promotion activities
> are essential for an effective balance of supply and.demand. The formation of cooper-

- atives should be encouraged whenever possible, so that small-scale farmers can cost-
.- effectively address such areas as product labeling, quality control, processing, pack-

. aging, distribution and promotion areas with the least possible cost. These services
. thould be provided by the State until they are adequately available in the private

" mctor.

Relating the development stages to species currently investigated or cultured in
. Hawaii. At present there are fourteen species-groups, made up of one or more species,
: cultured or under investigation for culture in Hawaii. Eleven of these are represented

. in Table 28, together with their relative stage of development in Hawaii and the world,

and the principal sector (public or private) responsible for aquaculture development in
.. -Hawaii. Table 28 is a simplification of a highly technical and complex subject. (For
- additional information on species, see Chapter I1.)

S Species development: functional elements. The principal functional elements
" responsible for identifying and developing new econmomic opportunities in aquaculture

L for Hawaii are Species Project Leadership, Hatchery Facilities, Outdoor Research/Demon-

stration Facilities and Laboratory Research Facilities. It should be noted that Hatchery

Facilities, which was discussed earlier in this chapter, is also an element of the Support

.. Services program area. In fact, once commercial culture is demonstrated, all of the
: _ Support Service elements will play 2 major role in successful expansion. Several of the
. aforementioned Management considerations—especially joint arrangements and the

- multiple-use of facilities and personnel—will contribute substantially to the effective
implementation of this program area.

Species Project Leadership

. The principal purpose of the Species Project Leadership is to provide scientific
“team leadership for Species Performance Evaluation and/or Species Development activi-
fies. The major activities are:

1. Conducts research and demonstration projects aimed at establishing the com-
mercial cuiture of new species or improving production of currently cultured
species.

2. Seeks Federal and private funds to support species development programs.

3. Works with planners in the formulation and design of development proposals
and plans.

_ Improvements in commercial production and/or the development of new systems

- o species can most effectively be atfained by a systems-oriented research approach

~mwolving many disciplines. The need for teamwork in designing and executing multi-

. disciplinary research for solving fundamental biological, engineering, and economic
problems is recognized. The multi<disciplinary University of Hawaii Sea Grant Hawaiian

frawn Aquaculture Program has established a close working relationship with the AFRC

%o aid in the development of the freshwater prawn industry. This arrangement for
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Table 28. Stages of Development of Some Species Investigated

or Cultured in Hawaii
Primcipal Sector
Species Group Stage Responsible in Stage
in Hawail Hawaii Worldwide2

AquaticAlgae .. ......... .. ...t 2 Public 5
Baitfish (topminnow) ........... ... ... 5 Public 5b
Brine Shrimp ........ ... ... .. . *C Private ®T
Chinese Carpsd . . .. . e 6 Private 7
Catfish . .. ... i e e 6 Private 7
-7 1 - U 5 Private 7
FreshwaterPrawns .. ... ... ... ... .. 7 Public 6
Limpets (Opihiy ... ... ... ... ... ... 2e Public pL
Marine Shrimp .. ... ... ... . ... . i 2 Public & Private 5f
Milkfish ... ....... . i 2 Private 7
Mullet ............... e e e 7h Public & Private 7
Threadfin (Mof) . ... .. .. . ... . ... ... .. 21 Public 2i

aRefers to technologies and management systems that are transferable to Hawaii.

bOther species, many of which are used for recreational fishing, are at stage 7.

cAdult production is at stage 6 in Hawaii and worldwide. Commercial egg production is at stape 2 in Hawaii
and worldwide.

dMany locations in the world are at stage 7 using extensive culture methods which may not be applicable to
Hawaii.

€Investigation of opiki for culture is presently limited to Hawaii.

fCommercial culture exists worldwide at stage 7; however, these operations are based on broodstock captured
in the wild. Commercial culture in Hawaii must be based on controlled reproduction of candidate species
in Hawaii. This has not yet been achieved.

EAlthough milkfish culture is widespread in the Philippines and other Asian countries, its commercial culture
is based on the collection of fry from the wild. The control of reproduction has not been achieved.

hThere are two commercial operations in Hawaii which generaily rely on wild-caught juveniles for stocking
material. The successful expansion of the species will require an economical supply of hatchery-reared juve-

_niles and a demonstration of costeffective culture.

!Interest in culturing mof has thus far been limited to Hawaii,

undertaking production improvement research can serve as a model for the development
of additional species of commercial importance. The lead agency should explore the
possibility, workability, and mutual benefits that may be derived from creating joint
positions for State/University scientists, and formalized arrangements for the joint
designation of programs and facilities.

Outdoor Research/demonstration Facilities
Outdoor Research/demonstration Facilities provides a field location for conducting

production improvement research, for species growth performance evaluations, and for

species development projects. The six principal activities of this element are to provide
facilities for:
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|, Conducting multidisciplinary team research under field congditi .
reducing production costs and increasing yields of com“ciauf;nsc L?JItm(;tded at
species. ur

5. Testing alternative growout strategies under conditions that s
environments of commercial production units. rimulate the

3. Testing the design of profotype rearing systems beyond the labotatory scale

4, Transferring, testing, and adapting culture technologies developed elsewhere

5, Conducting economic feasibility demonstrations.

6. Conducting training programs.

Qutdoor research and demonstration facilities are essential for transferring applied
rescarch from the laboratory to fullscale testing. The lack of these facilities has been
s major constraint to aquaculture development in Hawati. Highest priority should,
therefore, be given to the initiation of their planning, design, and construction. It is
ecommended that outdoor facilities be developed, designated and used jointly by the g
State lead agency and the University of Hawaii. g

Laboratory Research Facilities

The principal purpose of lLaboratory Research Facilities is to provide laboratory
fucilities for research directed at finding solutions to basic biotechnical problems, and
for applied research to improve production efficiency. The six principal activities are:

1. Provides facilities to carry out selective breeding and domestication research.

1
A

2. Provides facilities to carry out reproduction research, and for defining the
optimal environmental parameters for the growth of species, including their
larval stages.

3. Provides facilities for defining basic nutritional requirements of aquatic
organisms leading to the least-cost formulation of feeds.

4. Provides adjunct laboratories for pathology research. 1

5. Provides engineering laboratories to design feeding and harvesting equipment,
and for testing improvemnents in the design of physical systems.

6. Provides food technology [facilities for research on post-harvest handling,
processing, and sheif-life extension of aquaculture products. =

Laboratories located within several departments and units of the University of _
Wi have been employed for aquaculture resscarch on various species. The University's /

%a Grant Hawaiian Prawn Aquaculture Program conducts a portion of its research at

the AFRC. The State lead agency should strive to strengthen and formalize cooperative

fonts with the College of Tropical Agriculture which is responsible for coordinating

Quaculture research at the University of Hawaii.
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CHAPTER V i

BUDGET AND TIMETABLE

Sustaining a high rate of growth in aquaculture will require a commitment by the
State to provide support services (Ioans, extension/advisory services. marketing, disease
prevention/assistance, water and soil analyses, stocking materials, and funding for research
and development to improve current production and identify new gconomic opportuni-
ties. This will in turn require the State to make a sound fiscal commitment, together
with the active pursuit of Federal and other non-State sources of matching support.

Before presenting the recommended budget, certain underlying assumptions must
be considered. In addition, this chapter offers fiscal policies and guidelines, and dis-
cusses both the opportunities for, and constraints to, expanded growth,

Assumptions

1. In order for aquaculture development programs to be effective. there must be
a balance of support services to existing producers and species development
efforts.

£

Current plans, subject to the avaitability of resources, call for two species
performance evaluation projects and two species development projects to be
concurrently supported. New species projects will he phused into the develop-
ment program uas others are phased out. Additional con¢urrent programs will
require a greater input of State andfor non-State funds.

3. The budget reflects a phasing-in of needed services over a three-year period
and, with the exception of additional appropriations to the Aquaculture Loan
Fund and allowance for cost of living increases, represents near-level (unding.

4. Grant development activities will attempt to achieve 3 matching ratio of at

feast two non-State dollars for every State dollar spent on aquacul(urc.
nt programs, ROWever, will, for the

Federally-sponsored international developme




most part, not require State matching funds. The availability of State-operated
research and demonstration facilities will enhance Hawaii's chances of attracting
Federal monies for staff and program support.

5. lIncreases in the Federal contribution to aquaculfure development are expected
from (a) the continued involvement of current Federal sources, (b) recently
enacted Federal legislation, (c) pending Federal legislation, and (d) current
trends in Federal expenditures.

Fiscal Policies

Fiscal policies can be valuable tools for increasing effectiveness and guiding develop-
ment if they (1) reflect industry needs (hence, program priorities), (2) contain sufficient
flexibility to respond to emerging needs, and (3) incorporate mechanisms for maintain-
ing high cost/benefit effectiveness.

Fiscal policies for aquaculture development will be based in part on: (a) three
funding categories which indicate the State’s funding priority of species or species-groups,
and (b) specific guidelines for distributing funding between and within these categories.

State funding: (a) priorities. Suggested State priority classifications for aquaculture
funding are listed below. These categories place prime emphasis on existing industries
and reflect a pragmatic approach to development. Priority species refers to those species
recommended in Chapter II, for priority consideration.

1. PRIORITY ONE FUNDING
Activities related to the support and expansion of existing commodity sectors.

These activities include research that is likely to increase profitability
for existing commercial producers, as well as information, advisory, extension,
market development and other support activities which serve aquaculturists.
Advice concerning funding decisions should be sought from all components
of private industry.

2. PRIORITY TWO FUNDING

Activities related to the research and development of first priority species
or speciesgroups not included in A.

These activities 'include research, development and demonstration or
proof-of-concept projects which focus on species or species-groups not presently
under commercial culture (e.g., baitfish and marine shrimp).

3. PRIORITY THREE FUNDING

Other research and development activities of species or species-groups not
included in A and B, but with a distinct potential for economic and/or social
benefits.

These activities focus on species whose potential for economic and/or

social benefits is apparent, but not clearly defined (e.g., opiki), or species not
presently identified.
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_State funding: (b) guidelines. [t is important to consider several points when
f“}"ldl'ﬂg projects. The recommended distribution of funding envisioned for the three
priorities listed above is as follows: the largest sum for Priority One, the next largest
sum for Priority Twao, and the remainder for Priority Three. Some funding should be
allotted each year, whenever possible, for each type of activity. Moreover, it is impor-
tant that flexibility be maintained to allow the State to adequately investigate new
opportunities (Priority Three). In this manner, the State can be innovative and respond
appropriately to future developments. Continuity of funding for those projects under-
take‘n should likewise be stressed: that is, a successful project should be assured funds
for its entire proposed duration. Fimally, to determine if stated objectives are being
achieved, all projects should be subjected to a periodic review by both the aquaculture
lead agency and an external review panel.

Proposed Budget and Some Considerations

[f appropriations and expenditures are made at the recommended levels and in
accordance with the proposed programs, the budget reflected in Table 29 can
( 1) sustain the present high level of expansion of freshwater prawn production,
(2) contribute to the development of other species sectors that are currently under-
going economic proof-of-concept, such as oysters and catfish, (3) provide for the com-
mercial demonstration and establishment of new product sectors, such as marine shrimp,
baitfish and Chinese carps, and (4) continue the search for new economic opportuni-
ties. Growth can be further accelerated by increasing the level of activity within species
development projects and adding species development projects. There are, however,
lirnits to this growth,

Major constraints during the developmental stages will be expertise (people), fund-
ing and facilities. During the commercialization stage, institutional constraints can hope-
fully be minimized through positive legislative and administrative actions. Important
limniting factors would then be the acquisition of production sites and adequate credit,
Because obstacles to aquaculture development are continually changing, actions te
accelerate the growth of aquaculture should be carefully evaluated at the time of
irnplementation. This, of course, assumes that other critical requirements, such as
marketing and technical assistance, will be adequately addressed by the lead agency.

Timing. The time factor should also be taken into consideration. To bring a species
or species-group {polyculture) from candidacy to commercial culture may take from
three to five years if the culture technology has been developed elsewhere. Species with
less developed culture systems will undoubtedly require more time—perhaps five to
eight years longer. This factor should be given serious consideration in deveiopment
decisions.
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APPENDIX A
A LEAD AGENCY FOR AQUACULTURE IN HAWAIL

A lead agency is needed to consolidate efforts and provide a focal point to
promote and expedite the development of aquaculture production in Hawaii. This need
has evolved with the expansion of freshwater and marine aquaculture activities. The
number of aquaculturists engaged in commercial production in Hawaii has nearly
doubled each year over the past four years. Research and development have increased
to the point where State, Federal and private sources presently spend nearly $2
million per year to support these activities.

The need for a lead agency has recently intensified as a result of a growing local,
national, and international interest and involvement in aquaculture. State and County
economic development planners have indicated that aquaculture has the potential to
stimulate local economies by increasing employment opportunities and general revenues
to the State, while at the same time helping to preserve rural life-styles and agricultural
lands. The Hawaii State Plan (1977), the Hawaii Coastal Zone Management Program
(1976}, and the Hawaii Water Resources Plan (1977) have all expressed an interest in
aquaculture, both as an alternative use of Hawaii's land and water resources and as an
economic development activity.

The Federal government is preparing a massive push in aquaculture development
aimed at benefiting this country' and developing countries overseas.? Internationally,
the World Bank, the Food and Agriculture Organization of the United Nations, the

+For example: ths pending National Aquaculture Organic Act (H.R. 9370) and the NOAA
Aquaculture Plan (1977).

2The United States Agency for International Development (USAID), for example, is expected
to provide major funding for developing aquaculture overseas through Title XI1 of the Foreign
Assistance Act (1975).



Asian Development Bank, and the Southeast Asian Fisheries Development Center have
expressed & desire to develop aquaculture to its fullest potential.

Aquaculture activities in Hawaii are presently dispersed among six State agencies:
The University of Hawaii (Sea Grant College Program and College of Tropical Agri-
culture), the Department of Heaith (Shellfish Sanitation Program), the Office of the
Marine Affairs Coordinator, the Department of Planning and Economic Development
(Aguaculture Development Program), the Department of Land and Natural Resources
(Anuenue Fisheries Research Center) and the Department of Agriculture’s Farm Loan
Division (Aquacuiture Loan Program). The scattering of these activities is disadvantageous
to aquaculturists, the general public, and others involved in aguaculture research and
development because the establishment and expansion of the industry and the realiza-
tion of its potential benefits are dependent on efficient and effective planning, coordi-
nation and implementation. Another disadvantage is that the agencies involved in aqua-
culture require coordination to eliminate overlapping and duplicating functions. A
focal point at the State government level is needed to provide visibility, responsibility,
accountability, and planning for aquaculture activities.

Duties of the Lead Agency

The lead agency would provide services to local entrepreneurs and investors, inter-
national governments and businesses, Federal Agencies, other State agencies, and County
governments. In addition, the lead agency would act as a central agency for State parti-
cipation in local, national or intermnational aquaculture activities. Furthermore, the lead
agency would determine funding support levels for various aquacuiture research projects.
In short, the lead agency would coordinate State manpower and financial resources for
the expansion of the aguaculture industry.

The duties of the lead agency would include the following:
Program Management

® Recommends State policies and priorities for aquaculture development.

® Develops and manages State aquaculture facilities (e.g., hatcheries and experi-
mental and demonstration centers).

® Actively seeks non-State sources of funds to support aquaculture research and
development activities.

® Provides a visible contact point for aquaculture for in-State and out-of-State
interests.

® Reviews research proposals requesting State funds and eliminates duplication
of effort through the exercise of fiscal control.

® Acquires baseline data and periodically updates resource inventories and assess-
ments for aquaculture development.

® Interacts with other State agencies and County economic and resource planning
efforts.
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® Provides economic assessments on specific projects and undertakes feasibility
studies.

# Designs and plans programs aimed at creating new aquaculture industries (new
species and projects).

Support Services

® Provides advisory, educational; and extension services to Hawait residents and
aquafarmers.

® Transfers information; conducts or assists in conducting workshops, symposiums,
etc., on critical issues.

® Maintains cognizance of research and development by the industry and inter-
national, Federal, State, County, and private agencies.

® Develops an in-Siate and out-of-State information network.

® Provides for the continuous identification of information voids, and organizes
and/or conducts efforts to fill them.

® Assists aquaculturists with required permit applications and siting.

® Assists in the development of training programs to provide a work force for the
aquaculture industry.

® Undertakes market development activities for aguaculture products and collects
and evaluates market data.

® Encourages the formation of cooperatives for the purpose of ensuring uniform,
high quality, Hawaii products (e.g., processing, marketing, and quality contrel).

® Administers the Aquaculture Loan Program. (Note: For the present time, it is
recommended that the Loan Program stay within DOA’s Farm Loan Division.)

® Provides disease diagnosis, treatment and prevention services.
# Provides water chemistry and soil analyses, stock certification and depuration services.
Species Development

® Undertakes or funds research directed towards improving present production
systems and reducing production costs.

# Undertakes or funds research directed at developing and testing new culture
methods and/or systems, thereby identifying new economic opportunities.
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Placement Considerations

Stature

At present, the scope and magnitude of aguaculture development dogs not warrant
the creation of a separate department.® However, the resources which will be needed
for aquaculture development, the current local and national interests in promoting aqua-
culture as an important source of food production and a component of energy projects
and its potential economic impact all point to the need to consolidate and centralize
State aquaculture activities as a division in one of the 17 principal State agencies. In
order to determine the most suitable agency for lead agency, three important require-
ments for placement must be considered.

-~

Requirements

Ideally, the lead agency would fulfill the following requirements: (1) it is involved
in economic development, (2) its functions are compatible with aquaculture, and involve
fisheries, natural resource management and/or food production, and (3) it has adequate
facilities and support services.

Economic development. Aquaculture’s major objective is to promote economic
development, which includes the creation of jobs, and increasing personal income and
economic activity. Economic development programs are administered by the Department
of Planning and Ecenomic Development (DPED), the Department of Agriculture (DOA),
the Department of Land and Natural Resources (DLNR) and the Office of the Marine
Affairs Coordinator (MAC).* While the University of Hawaii is also involved in economic
development programs, the University's principal focus is on education and research.

Compatibility with other activities within the lead agency. Compatibility with
activities within an agency provides aquacuiture development with distinct advantages,
For example, three important activitics that are directly related to aquaculture are
fisheries, natural resource management and food production.’® Complementary activities
such as these, housed together, can enhance communication and combine expertise.
Reliable and timely communication, in turn, facilitates effective and efficient decision-
making, planning, coordination, and the performance of individval functions. In addition,
information on the latest developments in the industry can be quickly disseminated,
public services can be maximized, and duplication of effort can be minimized,

The DPED, the DLNR and the DOA have activities that are complementary to
aquaculture. The Office of the MAC, however, serves primarily as a funding and coordi
nating agency for marine and marine-related programs. The Office of the MAC would
not, therefore, be the best choice for the lead agency.

* A resolution to investigate the feasibility of establishing a separate “Department of Marine Resources
and Aquaculture”™ (SR 186) was adopted by the Ninth Legislature. The discussion in this appendix will be
iimited to the selection of a lead agency from among existing State agencies.

* The Office of the MAC funded 12 projects relating to aquaculture development berween the years
1971 and 1976 (Aquaculture in Howaii 1976, 1976).

' There are, for example, similarities between hatchery technology, processing, and market distribution
channels for both fisheries and aguaculture products.
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Availability of adequate facilities and support services within the agency. The joint.
or multiple-use, of existing facilities and support services is highly desirable because of
the increased rate of return and the possibility of minimizing costs and effort. In
addition, the joint use of existing facilities and support services would allow the State
to make maximum use of its limited resources.

The DLNR's Anuenue Fisheries Research Center is presently the most important
aquaculture facility in the State. Anuenue also has a wide range of extension/advisory
services—principally to prawn farmers. The DOA has veterinary laboratory facilities, and
provides assistance to aguaculturists through their loan program. The DPED does not
possess the necessary facilities and support services, and would not, therefore, meet
criteria required of a lead agency.

The Aquaculture Process

An examination of the three most important criteria for the lead agency indicates
that the two most suitable candidates are the DOA and the DLNR. Another method
of evaluation is to consider the entire aquaculture process and constraints to develop-
ment in the next five to ten years. Which agency would most effectively address these
constraints?

The first stage of the aquaculture process is usuaily hatchery and seed production.
As the problems here are similar to fisheries, an agency incorporating both aguaculture
and fisheries programs would be able to effectively deal with constraints in this area.

Growout (production) constitutes the next stage of the process. Aquaculture growout
activities are similar but not the same as those activities surrounding the husbandry of
plants and animals. Therefore, an agency with such traditional agricultural support
services as extension/advisory, loans, and disease control would be equipped to solve
constraints at this level.

The third stage, post-production, includes processing, distribution, marketing, etc.
These are related to fisheries output activities. Enasmuch as similar equipment and tech-
nology are used in harvesting and processing and cultured products enter the market
through traditional fisheries channels, constraints arising here could be most adequately
solved by an agency with fisheries responsibilities.

Several conclusions can be drawn from the above analysis. First, aquaculture would
be best served if the State’s resources for aquaculture could be developed to achieve
the greatest efficiency for the least cost. If agriculture, aquaculture, and fisheries
development were under a single administration, the sharing or joint use of facilities,
personnel and other resources would be permitted. This is the case in many countries
that have made considerable progress in stimulating their aquaculture industries (Japan,
Taiwan, and Israel, for example}.

Secondly, this analysis verifies the previous conclusions that the DOA and the
DILNR are the most logical candidates for the lead agency. Which agency would be more
appropriate? As mentioned above, the answer to this question depends on the ability
to determine the agency that would be better able to address major constraints over
the next five to ten years. Since there are numerous constraints throughout the entire
aquaculture process, and since it is impossible to state which of these are the most
important, this study finds no distinct advantage in selecting one department over the

other.
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The DOA and the DLNR

Department of Agriculture. The Department of Agriculture (DOA) promotes the
conservation, development, and utilization of agricultural resources through a variety of
activities which include conducting research projects, disseminating information, and
providing crop and livestock reporting and market news services. The DOA administers
the programs of the State relating to animal husbandry, entomology, farm credit,
development of agricultural products, and the establishment and enforcement of the
rules and regulations on the grading and labeling of agricultural products.

The following DOA programs presently relate to aquaculture or may complement
or support aquaculture activities at some future time.®

AGR 102:

AGR 121:

AGR 132:

AGR 151

AGR 189

Financial
Assistance for
Aquaculture

Plant Quarantine

Animal Disease
and Pest Control

Distribution
System Impraove-
ment

Production and
Marketing Data
Collection for
Agriculture

Funds from the Aquaculture Revolving Loan Program
may be used for such purposes as plant construction,
conversion, ¢xpansion, acquisition of equipment, and
working capital,

In addition to preventing plant-harming pests and
diseases, this program assists agriculture industries to
ascertain the degree of acceptance of their products
by other states or foreign countries. Producers of
various species of seaweed may find this program
useful.

This program prevents, controls, and eradicates animal
diseases. Aquaculture development is dependent upon
the prevention and eradication of disease among newly
introduced specics. An aquaculture disease specialist

is presently assigned to this program on a part-time
basts.

This program currently provides quality control for
fish products. Additional services that would benefit
aquaculture include support for developing export
markets, and improvement of the quality of marketing
procedures for ¢xport products.

Aquaculture development would benefit from the data
collection and processing services of this Program.
AGR 189’s Crop and Livestock Reporting Services
prepares estimates for acreage, yield, value of crops,
production, farm wages, etc. In addition, aquacultural
activities may be included in the program’s Market
News Service which reports wholesale prices and ship-
ment data for agricultural commodities.

“Program identification numbers and titles are taken from Stare of Hawaii Program Structure, Depart-
ment of Budget and Finance, 1976.
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AGR 810: Testing and. The testing and certification of food products is ¢rycial
Certification of to the development of a new industry Jike aquaculture
Consumer Goods as consumner confidence in the product needs to be
established. By requiring compliance with inspection
laws, this program assures the consumer that only
wholesome products will be marketed.

Department of Land and Natural Resources. The Department of Land and Naturai
Resources (DLNR) manages and administers the public lands, including the water and
mineral resources on these lands, and the State’s forests, fish, and game resources, The
DLNR alsc manages the forest reserve and State parks, including historic sites,

The following DLNR programs presently relate to aquaculture or may complement
or support aquaculture activities at some future time.

LNR 153: Commercial This program’s key facility, the Anuenue Fisheries
Fishery and Research Center (AFRC), has been, and continues to
Aquaculture _ be, integrally involved in the development of agua-

culture in the State. In addition to supplying prawn
Jjuveniles to local ponds, the AFRC has assisted aqua-
farmers with advisory and extension services, including
training. Aquaculture techniques have been developed
for commercial scale prawn production, and pilot
ponds are being managed for research and demonstra-
tion purposes. An aquaculture disease specialist is
presently assigned to this program on a part-time
basis.

LNR 101: Public Lands This program administers State lands by selling and
leasing land, and issuing executive orders and permits.
The Aquaculture Development Program report, Permirs
and Environmental Requirements for Aquaculture in
Hawaii (DPED, 1977), recognized that permit require-
ments are a major obstacle to aquaculture development.
The close association of an aquaculture program with
LNR 101 could possibly result in a greater clarifica-
tion and coordination of permit regulations.

LNR 141: Water Development Various aspects of this program could benefit aqua-
and Imrigation culture development. LNR [41 locates and allocates
the State’s water resources. In addition, irrigation
systems and other related water facilities are developed,
operated and maintained by this program.

LNR 401: Fish and This program preserves and protects native fish a_nd
Wildlife wildlife by, among other devices, reviewing permit

applications, including applications for the importa-
tion of new species. With the expansion of aquacuiture
ventures, it is likely that permission will be sought for
new species to be introduced into the State. As with
LNR 101, the close association of aquaculture with
LNR 401 may help the two programs to better
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INR 404: Water Resources

understand each other's needs and thereby increase
cooperation and efficiency,

Aquaculture development is highly dependent upon the
wise utilization of the State’s water resources. Aqua-
culture could benefit from this program’s activities
relating to water resources management and data
collection.
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APPENDIX B

TROPICAL AQUACULTURE CENTER FOR HAWAII

The following presents the need for and description of the proposed Tropical
Aquaculture Center for Hawaii as requested in the Governor’s supplemental CIP require-
ments for fiscal year 1978-79. The Aquaculture Planning Program has identified the
current lack of outdoor research and development facilities as one of the major
constraints to aquaculture development and recommends that the highest priority be
given to the establishment of this facility. The Executive Supplemental Budget for
Fiscal Year 1978-79 contained a CIP item for such a facility and the sum of
$1,250,000 in State General Obligation Bond Funds has been appropriated by Act 243,
SLH 1978, to the University of Hawaii with the Department of General Accounting
Services as the expending agency.

Construction of this facility is in keeping with the State’s goal to develop and
expand commercial aquaculture production in Hawaii. In addition, the Center would
provide a facility for such emerging Federa! programs as Title XII of the Foreign
Assistance Act and Section 402 of the amended Food for Peace Act of 1966 (Public
Law 89-808), and such pending Federal aquaculture legislation as S. 2444 The Agua-
Culture Policy Act, and H.R. 9370, the Organic Aquaculture Act. Every attempt will
be made to maximize the use of existing laboratory and hatchery facilities' and to
avoid duplication of effort.

In preliminary discussions, the Aquaculture Development Program (ADP) and the
University of Hawaii’s College of Tropical Agriculture (UH/CTA) have agreed in concept
to the joint designation with the designated lead agency. This is in Keeping with one of
Agquaculture Development for Hawail’s major recommendations for effective aquaculture
development.

1 At the Anuenue Fisheries Research Center, the University of Hawaii, the Oceanic Lnstitute,
and other private institutions, for example.




The Need for a Tropical Aquaculture Center

Aquaculture research generally falls into three interrelated categories: (1) laboratory
research aimed at providing a basic understanding of the life cycle of promising species,
and a definition of environmental requirements, (2) applied research directed at reducing
production costs and increasing yields of species currently under culture, and (3} programs
for adapting technologies for species successfully cultured elsewhere and demonstrating
their commercial viability under tocal conditions. Progress in all of these categories is
needed to accelerate the development of commercial aquaculture in Hawail.

Research to Improve Production Strategies

Research can be made more refevant to industry by constructing pilot-scale facilities
for extending research results beyond the laboratory to experimental ponds which closely
approximate or—ideally—duplicate the conditions of production units. The fact that such
facilities are not presently available in the State has seriously limited the expansion of
prawn farming in Hawaii.

The lack of experimental ponds has made it necessary for prawn researchers to
negotiate for the use of commercial ponds. Cooperative arrangements with farmers
normally require yield guarantees and management fees to cormpensate for disruptions
of fanm operations. These amrangements preclude total control over experimental design,
manipulation of variables affecting growth, and replication of experiments for testing
the statistical significance of research results.

Research to Adapt Technologies Developed Elsewhere

Aquaculture research has indicated that iaboratory results in growth performance
in one location do not necessarily predict the behavior of a species at a different
location. Therefore, such standards of performance as growth, survival, feed conversion,
and disease resistance must be evaluated under local conditions before new species
development programs are initiated. Similarly, evaluative experimentation aimed at
selecting the most effective culture method (e.g., pond, cage, and raceway culture)
requires facilities for demonstrating the relative economic viability of each method in
Hawaii regardless of the method’s success elsewhere. A Tropical Research Center would
enable analyses of these factors for the expansion of aguaculture in Hawaii.

Research to Understand Promising New Species

The efforts of the University’s marine agronomy program have focused on
effectively starting econornically important seaweed industries in the Philippines, the
EJ.5. Trust Territories, and elsewhere. Recently, the program has redirected its attention
to Hawaii. Siting experiments on reef flats have demonstrated the impossibility of total
control over variables affecting growth., Because of environmental problems, there is
a need for experimentation on land-based locations. Marine agronomy can be used in
aquaculture operations to utilize waste products from ponds to meet effluent discharge
requirements, and produce a saleable product. While initial research in this direction
has been undertaken in cooperation with Kahuku Seafood Plantation, the application of
such research to a broader range of potential aquaculture operations requires experi-
mental facilities.

Other examples of research areas that require experimental facilities include the
use of: (1) pond water for crop irrigation, (2) animal wastes for food for certain
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aquatic spccies or for pond fertilization, and (3) aquatic plants as ingredients in animal
feeds. Research in these areas could yield inexpensive livestock feeds and Protein-rich
food for human consumption. Aquatic scientists should be able to conduct outdoor
experimental research to enhance aquaculture production much as agriculturg) scientists
study agriculture commodities of importance to Hawaii. The aguaculture center would
be similar to the University of Hawaii’s Agricultural Experiment Station,

Basic Facility Requirements

The design of a facility to house multi-purpose research programs must be flexible.
Approximately 30 acres of land are needed for the initial construction of experimental
pond complexes to serve the immediate needs of the prawn research program and for
an administrative office, a manager’s residence, a basic wet laboratory and storage
buildings for equipment and feeds. The site should, however, encompass over 100 acres
to allow for additional ponds for experimentation on new species, for the construction
of prototype rearing systems, and for the anticipated expansion of programs resuiting
from Federally-sponsored national and international aquaculture development programs.

Water delivery systems capable of providing a wide range of salinities and flow
rates are essential. Water transmission and discharge systems are also necessary. In addi-
tion, instrumentation for the monitoring of water properties, nutrients, metabolic
wastes, and oxygen levels is needed. There should be complementary laboratory facilities
for on-site field support, but existing laboratory facilities at the University, the Anuenue
Fisheries Research Center, the Oceanic Institute (Ol), and other private research institutions
may be utilized in concert with the applied research and training programs of the Center.

The Center will be used as the principal locale for demonstration projects, for
training personnel to provide direct technical assistance to farmers, for community
information and for student participation in research projects. A seminar-classroom and
reading room should, therefore, be provided.

Experimental Pond Complexes

A series of small experimental ponds which closely simulate the environment of
commercial growout units is essential for testing the effects of different variables
on yields. Some experiments relating to prawn growth variables can test the following:
(1} the effects of stocking different densities of post-larvae, both with and without
shelter provisions; (2) the effects of using nursery animals in stocking growout ponds
instead of post-larvae; (3) the effects of adding organic wastes to stimulate phyto-
plankton production; (4) the effects of adding compost materials to stimulate the
growth of bacteria, insect larvae, and worms as food for prawns; (5) the effect of
monosex culture on yields; and (6) the effects of different genetic strains on
production.

Forty-eight experimental ponds, each one-twentieth of an acre in size, are needed
for conducting replicative experiments to test the statistical significance of each'of .
these variables and their interactions against a control situation. These “‘applications
need to be evaluated against expected increases in production levels to determine oosts.
There is a further need for conducting experiments in a like number of ponds scaled
up to one-tenth of an acre in size in order to determine—among other things—the
effects of pond size on production yields and costs. _
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Prototype Rearing Systems

There are additional areas that can only be evaluated through applied research
programs under field conditions. Some examples are: (1) the effects of different pond
shapes on ease of harvesting and mechanization; (2) the effects of batch harvesting
(draining ponds to determine whether uniform growth rates can be achieved), versus
the current practice of culling market-size animals by periodic seining; and (3) the
effects of culturing other species (e.g., carps and tilapia) with prawns,

Experimentation on the pond production of prawns is applicable to other species.
However, additional space will be needed for testing alternative prototype rearing
systems (e.g., raceways, cages, and tanks) for such species as catfish and marine shrimp.
How different culture methods reuse discharge water for various species of shellfish
is another rescarch area that needs biotechnical and economic evaluation.

Phase [

A facility master plan will be developed to insure the orderly construction of the
Center’s essential components. Table B-l1 provides preliminary estimates of the indivi-
dual construction costs, In order to complete Phase I construction. capital requirements
will amount to $1,075,000, including $130,000 for design and permits.

Phase [1

An expansion of activities is anticipated in pending Federal legislation for national
aquacufture development, and in existing legislation for an international thrust in aqua-
culture research, training and technology transfer through competitive grants to land
grant and sea grant colleges. The infusion of significantly increased Federal research
funds into the University of Hawaii will have a positive impact on aquaculture develop-
ment in the State. As Phase [I is scheduled to begin two to three vears after comple-
tion of Phase I, it should be designed to address additional needs identified in the
interim. The tentative estimated cost of Phase 11 is $3,925,000 for a total construction
cost of $5,000,000.

Possible Sources of Federal Funds for the Construction and
Operation of the Tropical Aquaculture Center

If Congress passes pending aquaculture measures, the appropriation of State match-
ing funds for an Aguaculture Center would place Hawaii in an excellent position to
receive matching Federal funds for research and development laid out by these measures.
Moreover, provision of funds for an Aquaculture Center would enhance the State’s
competitiveness for existing Federal funds.

National Aquacuiture Organic Act
The “National Aquaculture Organic Act” (H.R. 9370), scheduled shortly for a

floor vote in the US. House of Representatives, names the Department of Commerce as
the lead agency for promoting aquaculture development in the United States.? H.R.

*Passed the US. House of Representatives on February 14, 1978, by a vote of 24 to 13.
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Table B-1. Preliminary Estimates of Construction Costs for a
Tropical Aquaculture Center of Hawaii

Description Cost

Phase I

Facility Master Plan Design and Permits . ... ... ... ... ... ...

Construction
1. Grading and grubbing of site, and construction

and paving of accessroads ................. $ 45,000
2. Forty-eight 1/20-acre ponds at $400each ..... 19,200
3. Fortyeight 1/10-acre ponds at 3700 each ..... 33,600
4. Prototype production systems . .............. 100,000
5.  Fresh- and saltwater settling basins and injection

wellsat $15,000each ..................... 30,000
6. Freshwaterwell ......................... 5,000
7. Saltwaterwell ........... e 5,000
8. Well-head pumps, four at $2,500each......... 10,000

9. Chain-link fence, 4,600 feet at $16 per lincar foot 73,150

10. Manager’s residence, 1,200 square feet at $50

persquarefoot ... . ... .. i, 60,000
11. Wet laboratory, 1,000 square feet at $100 per

square foot . ... ... i o 100,000
12. Laboratory equipment ..................n 100,000

13. Feed storage, 2,000 cubic feet at $$ per cubic
21+ 1 AU 10,000

14. Equipment storage, 2,000 square feet at $30
persquare foot  ....c.coiiiiaiin i 60,000

15. Classroom, 800 square feet at $40 per
squarefoot . ......... .. e 32,000

16. Office, and bathroom and shower facility,
800 square feet at $50 per squarefoot ....... 40,000
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Table B-1. (Cont’d)

Description Cost
17.  Fresh and saltwater distribution systems,
5,000 feet each at S4perfoot ............... $ 40,000
18, Discharge distribution systems,
5,000 fect each at $7perfoot ... ... ... ... 70,000
19. Power/transmission hook-up ..........---.- 5,000
20. Domesticwaterhook-up . ... ... o L 2,000
21,  Domestic sewage hook-up ................. 5,000
22.  Tractor and attachments .. ................. 20,000
23. Four-wheel drivepick-up .. ........ ... .. .... 10,000
24. Oneand one-halftontruck . ... ............. 20,000
25. Miscellaneous field equipment .. ............. ____50,000
Total Phase [ Construction .. ............... $ 944,950
TOTALPHASETL ... .. i $1,074,950
Phase 11
Facility Expansion ... ... ... .. ... . . . ... $3,925,000
Total Phase [ Construction . . .. .. ... ... ... oo . 3,925,000
TOTALPHASET &I ... ..o . i i $4,999,950
Rounded 1o . .. ... ... e e $5,000,000
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9370 authorizes the Secretary of Commerce to carry out any function under this
Act

by contacts or grants to any other Federal Agency, any agency
of any state, any agency of any political subdivision of any state
if the state approves the grant or contract . . . any educational
institution, or any other person, except that no contract or grant
may be made unless the applicant submits a certificate from each
appropriate state agency stating that nothing in the laws admin-
istered by such agency prevents the carrying out of the project
for which the contract or grant is being made.

Conducting scale tests, and the construction, operation, and maintenance of developmental
aquaculture facilities for assessing the biclogical and economic feasibility of any aqua-
culture system are among the purposes of H.R. 9370. Contracts and grants may not
exceed 30% of the estimated cost of the project involved. ¥Under H.R. 9370 authoriza-
tions for aquaculture contracts and grants are apportioned in the following manner:
Department of Commerce—$4 million. $15 million, and $17 million for FY's 1979,

1980, and 1981, respectively. Department of the Interior and Agriculture—$2 million,
$7.5 million and $8.5 million each for FY’s 1979, 1980, and 1981.

Aquaculture Policy Act

The *‘Aquaculture Policy Act.”” Senate Bill 2444, recently introduced, proposes to
make the Department of Agriculture the national lead agency for aquaculture. It calls
upon the Secretary of Agriculture to conduct aquaculture assessments and prepare a
status report within one year after enactment of the law. Once this is completed, it will
serve as the basis for a national aquaculture strategy. In comparison to H.R. 9370, S.
2444 is a short form bill. As such, there are no authorizations for the USDA to under-
take assessments and no authorization for contracts or grants to the states.

Food and Agriculture Act of 1977

The “Food and Agriculture Act of 1977 (P.L. 95-113) was signed into law on
September 29, 1977. For the first time, this Jaw establishes aquaculture as a mission of
the USDA by including aquaculture within the definition of Food and Agricultural
Sciences. The law did not explicitly assign aquaculture lead agency responsibilities to
the USDA. It did, however, provide for a Federal agency subcommittee, chaired by the
USDA, to coordinate Federal programs that are related in any manner to Food and
Agricultural Sciences. While this law contains sizeable authorizations for research
programs and facilities for “eligible institutions” —principally state agricultural universi-
ties—Congress did not provide a specific breakdown for aguaculture, It simply included
aquaculture within the research, extension, and teaching responsibilities of the USDA.
Aquaculture is buried by the omnibus nature of this law which includes a variety of
programs from dairy farming and beekeeping to food stamps. Except for the implica-
tion of lead agency designation in the farm law, the authority of the USDA specific
to aquaculture is not clear. It remains for Congress to settle the lead agency issue, to
determine spending levels, to specify authorizations for aguaculture research grants and
facilities, and to appropriate funds.
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Title XII of the International Development
and Food Assistance Act of 1975

This title calls specifically for land grant and sea grant colleges to help alleviate the
problems of food and nutrition throughout the developing wor]q‘ In aquaculture,
programs will probably focus on species which can be reared with extensive culture
methods and processed into acceptable low-priced food products, rather than species
in high demand and limited supply- mostly high value products employing fairly inten-
sive technological methods. This new thrust must include an international effort ta be
guided by the Board for International Food and Agriculture Development (BIFAD),
established by the Act.

While its focus is clearly on international food development (principally research,
training, and technology transfer), the direct benefits of this program on the State’s
efforts to develop a commercial production industry in Hawzii are still unclear. 1t does
not appear that Title XII can provide funds for capital improvements and land acquisi-
tion. It does, however, provide substantial sums for research and development contracts
to umiversities. The University of Hawaii’s College of Tropical Agricuiture couid become
a major contractor because of its expertise. The infusion of large, Federal research funds
into the University could result in positive spill-over effects for aquaculture development
in the State. Provision of State facilities (through joint designation with the University)
could strengthen the College’s competitive position for Federal funds. Another institution
that can play a2 major role in this program is the Oceanic Institute. OI has had a long history
of aquaculture research sponsoted by the U.S. Agency for International Development (USALD).

Economic Development Administration

The Economic Development Administration (EDA) administers the Public Works
and Economic Development Act of 1965 through programs of technical assistance,
public works and business development, as well as Title IX, which was added to the
Economic Development Act in 1974. Under this title, the EDA provided funds for
seven selected aquaculture proiects in FY 1975, Since 1976, the EDA has provided
matching funds totaling more than $4! million for 73 projects in Hawaii. Such outdoor
demonstration facilities as those intended for the Center for Tropical Aquaculture appear
to qualify under the EDA’s Technical Assistance Program. Approved projects receive
Federal matching funds on a 60 percent Federal, 40 percent State matching basis.

This source of funds will be one of the first to be pursued.

Future Qutlook

Hawaii has a long history of successful research in prawns, mullet, and marine
agronomy. The State’s highly trained personnel, with years of involvement in world-
wide aquaculture programs, provide a valuable technical resource. The existence of
other resources - Hawail’s strategic location, tropical climate, and excellent research
institutions, for example—indicates that the Islands can readily become a world center
for tropical aguaculture research and development, heavily supported by Federal
dollars. Research, demonstration, education, and training programs at the Center

wogld address_ both the needs of the State’s commercial aquaculture sector and
national and intermational aquaculture development.
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APPENDIX C

SCORED SPECIES EVALUATION TABLES

Background

A comprehensive evaluation of species was undertaken for the purpose of screening
and selecting candidates with potential for commercial aquaculture in Hawaii. (See also
Chapter I, *Summary of Assessments, Species Selection and Assessment.”) The selection
procedure can be characterized as a stepwise progression with each step analyzing fewer
species in greater detail. The following briefly relates the development and scoring of the
evaluation tables. A more detailed account of these procedures is planned for a future
technical report.

Species Selection Procedure

Initial listing. A list of 54 candidate species-groups’ (many of which were made up
of single species) was assembled utilizing input from the Aquaculture Planning Program
(APP) staff, the State aguaculture community and pertinent literature (e.g., Bardach, et
al., 1972; The Mardella Report, 1972, The Pacific Aquaculture Conference, 1973;
Hanson, 1974; Gates, et al., 1974; Bell and Cantebery, 1976; and Glude, 1976). Criteria
applied at this time limited selection to species-groups which were distributed geograph-
ically by troptcal or subtropical region or which would be likely to respond favorably
to elevated temperatures. It was assumed that any candidate species not indigenous to

Hawaii could be imported.

Phase I: Preliminary Evalnation. The initial list of 54 species-proups was reduced to
20. The following generai criteria were used in the evaluation.

' For ease of tabulation and discussion, general names, €.§., marine shrimp, are ps;d throughout this
report, with all species in ‘a group collectively termed the “species-group . The scientific names of the
members of each species-group evaluated in the tables can be found in Table 11 of the text.



1. Environmental Considerations
e Is the natural temperature range and optimum temperature for the growth of
the species compatible with Hawaii’s climate? (Controlled temperature
environments were not considered as options due to the costs involved.)
2. State-of-the-art for Culture Considerations

e Are larval and adult foods identified and readily available?

& (Can the animals be reared under conditions which make cuiture on a
commercial scale possible?

®& Have the biotechnical steps required for commercial culture been demon-
strated to some degree?

& Do clear definitions of the immediate constraints (biologlcal, social, political
and economic) to commercial culture exist?

3.  Economic Considerations

e Does the cultured product have a readily-defined local market or does it
have possibilities of being exported in a cost-effective manner?

e Do present or projected production economics appear promising?

These criteria emphasize three characteristics of a species-group: (1) biology (ease
of culture), (2} biotechnology (the existence of techniques for culture), and (3) economics
{cost-effective production and marketing of the product). Information used in making
these decisions was gathered from the appropriate literature and personal communica-
tions with leading researchers and producers.

Phase II: Comprehensive Evaluation. Greater scrutiny of these species-groups was
provided through the formation of a Species Subcommittee which was composed of
knowledgeable members of the public and private sectors of the State’s aquaculture
community as well as the APP staff. The members were as follows:

Takuji Fujimura, Chief Biologist, Anvenue Fisheries Research Center, Division of
Fish and Game, State Department of Land and Natural Resources.

Philip Helfrich, Associate Dean, Graduate Research, University of Hawaii
Kenneth Kato, President, Pacific Aguaculture Corporation

Robert May, Assistant Marine Biologist, Hawaii Institute of Marine Biology
Colin Nash, Director and Vice President, The Oceanic Institute

Robert Shieser, Coordinator, Aquaculture Planning Program, State Department of
Planning and Economic Development
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Comprehensive species evaluation tables were formulated through the combined
efforts of: (1) the Species Subcommittee, (2) consultants, (3) various specialists in aqua-
culture from Hawaii, the Mainland and foreign countries, and (4) the APP staff. These
tables—although considerably expanded—are similar in structure and function to the
bioeconomic selection matrices of Nash (1974).

Necessary information was grouped into six major areas: (1) biclogical, (2) bio-
technical, (3) market, (4) resource, (5) economic, and (6) legal and social. The selection
of the key elements under each area was accomplished through debate and consultation.
In all, 56 elements were determined.

The committee and APP staff developed a numerical rating system and scored each
of the species according to the elements. The scores numbered one to five; with “one™
being the lowest and “five,” the highest. In some cases, explicit quantitative require-
ments were attached to the scores. Other cases required a consensus judgment of the
Subcommittee. In many instances the degree of resolution obtained with five ratings
was not needed, so only three ratings (1, 3 and 5) were used when the scoring of many
elements was straightforward, a consensus could be reached easily; while others required
much deliberation and/or library research.

Evalnation of the Method

The goal of this procedure was to provide an objective selection of those species-
groups whose culture is technically feasible and which offer the greatest potential for
economic benefits to Hawaii. Unfortunately, objective cross species-groups comparisons
of totaled scores (i.e., ranking according to best speciesgroup) could not be justified
with this method. Reasons for this include: there are difficulties in comparing very
diverse species-groups—for example, comparing the biology of algae with crabs, oysters
with fish, etc.; there are difficulties in comparing freshwater aquaculture with mari-
culture, the former being considerably more developed than: the latter; and there is a
wide variability in the availability, quantity and quality of the information used in the
scoring. The development of a weighing system to justify comparisons of numerical
scores would alleviate some of these problems, however, it was considered beyond the
scope of the program. Although the method outlined here did not provide a straight-
forward objective rank-ordering of species priorities, the methodology accomplished four
important objectives:

1. A large amount of information was systematically and efficiently displayed.

2. Specific areas of advanced development for certain species-groups were
identified.

3.  Problem areas or areas constraining development for certain species-groups
were identified.

4. Problem areas that certain species-groups have in common were clearly
illustrated.?

2 These areas of commonality can be approached through broad discipline-oriented programs.
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The element descriptions and scoring criteria are presented below. They are o
followed by a complete set of scored grids. These evaluations were used to help priori-
tize species for State development as described in Section D of Chapter 1I.

Biological Considerations

Those aspects of the biology of species-groups that are important for aquaculture
are presented below. Appropriate consideration was given during the scoring to the
applicability of the criteria to the differences in species-groups, e.g., prawns versus
aquatic algae—although this may not be reflected in the wording.
Reproduction in Captivity

Large-scale commercial culture of a species will be affected by the achievement of
controlled reproduction in captivity.

Score Description

5 Reproduction in captivity has been demonstrated in Hawaii and does not
present a  major problem.

3 Reproduction has been achieved in Hawaii with some difficulty or high
cost,
] No successful reproduction in captivity has been achieved in Hawaii:

stocking material must be imported.
Broodstock Maintenance

Key components to be considered are survival, fecundity, space requirements, age
to maturation, useful reproductive life, dietary requirements and reproductive cycles per
year as it relates to the other factors.

Score Description

5 The broodstock is easy to maintain in relatively high density with good
survival, high fecundity and long reproductive life.

3 Broodstock maintenance is complicated by some problems associated with
one or two of the following: survival, fecundity, reproductive life, age to
maturation, or dietary and/or space requirements.

1 The broodstock is extremely difficult to maintain due to serious problems
in more than two of the following: survival, fecundity, space require-
ments, age to maturation, useful reproductive life, dietary requirements.

Reproductive Cycles

The number of reproductive cycles per year may affect the suitability of the species
for aquaculture. For example, the species may reproduce before it achieves market size,
or the species may reproduce infrequently over a period of years.
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Score Description

5 The timing and/or frequency of reproduction poses no problems,
3 some problems, which can be managed, or
1 major problems to commercial culture.

Culturing Stocking Material

The time in the hatchery phase of aquaculture may critically affect the feasibility
of production. For example, an extended larval period (several months to a year)
reduces the suitability of a species for aquaculture.

Score Description
5 The time in the hatchery phase is two months or less,
3 four months, or
1 six months or more.

Survival to Time of Stocking

The survival rate to time of stocking (larval survival) has a significant influence on
the cost of seed stock. The survival rates obtained from the literafure or personal com-
munications reflect the rates from the most widely practiced production strategy applicable
to Hawaii.

Score Description
5 The survival rate is greater than 80 percent:
4 between 60 and 80 percent;

3 between 40 and 60 percent;
2 between 20 and 40 percent; or
1 less than 20 percent.

Diseases and Parasites

The susceptibility of a species to disease and parasite problems affects its suitability
for culture.

Score Description
5 The susceptibility to disease and parasites is low,
3 moderate, or
1 high.
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Hardiness

Environmental stresses may affect survival. The sensitivity of the species to
variations in the salinity, temperature, dissolved oxygen and concentrations of waste
products can affect growth rate and survival. The subjectively determined integrated
tolerance leve] of the species to these variations {i.e,, hardiness) is considered
an important characteristic.

Score Description
5 The species has high resistance to adverse environmental conditions,
3 moderate resistance to adverse environmental conditions, or
1 low resistance to adverse environmental conditions.

Growour Time

Growout time refers to the time required for a species to grow from initial stocking
size to a harvestable size. The data used here are obtained from commonly found
commercial practices, as well as preliminary laboratory-derived estimates.

Score Description
5 The growout time is shorter than six months,
4 between six and nine months,
3 between nine and twelve months,
2 between twelve and fifteen months, or
1 longer than fifteen months,

Survival to Harvesr

Average survival io harvest under commonly observed culture conditions affects
the suitability of a species for aquaculture.

Score Description
5 The survival rate is greater than 80,
4 between 60 and 80 percent,
3 between 40 and 60 percent,
2 between 20 and 40 percent, or
1 less than 20 percent.
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High Density Culture

The ability to culture a species at high densities is a desirable characteristic because
lower cost per unit production can be achieved. Also, feeding and harvesting are ofien
more easily facilitated in a high density system. The utilization of individualized grow-
out containers to avoid cannibalism was excluded in evaluating species for this element.

Score Description
5 The density potential is high,
3 medium, or
] low.

Feed Conversion Efficiency

Feed conversion efficiency refers to the animal’s ability to convert feed into body
weight. Efficiencies are calculated as dry weight food to wet weight animal where
supplemental or total feeding of prepared rations are used. Animals feeding on phyto-
plankton, zooplankton or detritus in a pond or intensive culture situation are assumed
to be relatively inefficient converters. However, their low scores here are balanced by
the high ratings in trophic level evaluations,

Score Description
5 The feed conversion efficiency is less than 2:1,
4 between 2:1 and 3:1,
3 between 3:1 and 4:1,
2 between 4:1 and 5:1, or
| greater than 5:1.

Trophic Level

A species’ trophic level essentially describes the types of food an animal or plant
requires. A high score is given for ability to utilize material such as phytoplankton, Zoo-
plankton, or detritus which occurs naturally or can be induced to occur in a growout
pond. Low scores are associated with species which need high protein feeds or feed at a
high trophic level.

Score Description
5 The species feeds on naturally occurring nutrients, vegetation, weeds or
phytoplankton,
4 fe;eds on naturally occurring zooplankton,
3 uses combinations of formulated feeds and naturally occurring organisms,
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2 requires formulated feeds of less than 15% protein, or
1 requires formulated feeds of more than 15% protein.

Maturation

The time of sexual maturation affects the feasibility of various production
strategies,

Score Description
5 The species reaches sexual maturity at about the time it reaches market
size,
3 somewhat before or after reaching market size; may adversely affect

amount of marketable product or production of offspring, or

| long before or after it reaches market size, causing considerable problems
in the production of marketable products or offspring.

Cannibalism

Cannibalistic behavior of species influences its suitability for commercial culture,

Score Description
5 The behavior of the species indicates no cannibalism,
3 moderate cannibalism which poses some problems to culture, or
1 highly cannibalistic which requires individual rearing vessels.

Biotechnical Considerations

The biotechnical evaluations are based on the degree of development of physical
systems for aquaculture; i.e., hardware, containers and/or eguipment for each of the
elements.

First Ten Elements

The initial ten elements to be scored for biotechnical considerations are as follows:
Broodstock Maintenance, Mass Rearing of Stocking Source (larval/juvenile), Mass Grow-
out, Broodstock Feeding, Larval Feeding, Juvenile Feeding, Adult Feeding, Harvesting,
Transporting and Processing/purging. These elements were scored similarly.

Score Description
5 A commercial level system has been demonstrated or is in use in Hawaii.
4 A prototype system is operational in Hawaii.
3 A commercial system is operational elsewhere, and the probability of

direct transfer to Hawaii is very high.
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2 A system is operational eisewhere, but the probability of direct transfer
to Hawaii is uncertain.

1 No system has been designed.

Larval Nutritional Needs Known, and Juvenile
and Adult Nutritional Needs Known

The existence of basic nutritional information (i.e., requirements for amino acids,
fatty acids, vitamins, etc.) is deemed an asset in the culture of most species. The same
set of criteria were used to score species for both larval Nutritional Needs Known, and
Juvenile and Adult Nutritional Needs Knewn.

Score Description
5 Most basic nutrittonal requirements are known.
3 Some basic nutritional requirements are known, others will be investigated.
i None of the nutritional requirements are known.

Larval Rations Developed, and Juvenile
and Adult Rations Develuped

The elements Larval Rations Developed and Juvenile and Adult Rations Developed
refer to the existence of artificial, compounded or other rations. The same set of criteria
were used to score species for both elements.

Score Description
5 Effective formulated feeds or cultured foods are available to Hawaii,
3 Formulated feeds or cultured foods are available to Hawaii, but methods

to effectively present feeds to organisms and feeds that maintain their
integrity in water for an adequate period of time are needed.

| No adequate supply of formulated feeds or cultured foods is available to
Hawaii.

Year-round Cultured Stocking and Year-round
Cultnired Market Supply

An unlimited availability of material for stocking and market are considered impor-
tant to aquaculture in Hawaii because full advantage can then be taken of the year-
round growing season and market. The same set of criteria were used to score species
for both year-round cultured stocking and year-round cultured market supply.

Score Description
5 The culture can be managed to provide material for Hawaii at all times
of the year,
3 hatf a year or more, or
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1 two months or less per year.

Market Considerations
The market elements concern established markets based on known velumes of

consumption. Basically, the higher the per annum sales for a product, the higher the
SCOrc.

Identifiable Local Marker

The higher the identifiable local market for an aquacultured product, the greater
the opportunities for commercial development.

Score Description

3 Total wholesale market value for a Hawaii-grown product exceeds
$5.000,000 per annum.

4 lies between $1,000,000 and $5.000.000 per anum.
3 lies between $500,000 and $1,000,000 per annum,
2 lies between $250,000 and $500,000 per annum, or
| is less than $250,000 per annum.

Identifiable Mainland Market and
Identifiable International Market

The higher the identifiable Mainland and international markets for an aquacultured
product, the greater the opportunities for commercial development. The same set of
criteria were used to score species for both elements.

Scare Description
5 Total wholesale market value exceeds $50,000,000 per annum,
4 lies between $10,000,000 and $50,000,000 per annum,
K] lies between $5,000,000 and $10,000,000 per annum,
2 lies between $2,000,000 and $5,000,000 per annum, or
1 is less than $2,500,000 per annum.

Potential Local Market

Potential local market figures utilize current consumption data of a product plus
estimates of consumption in five years, These projections assume supply from agua-
culture could be increased and some substitution occurs.
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Score Description

5 Potential wholesale market value exceeds $5,000,000 per annum,
4 lies between $1,000,000 and 35,000,000 per annum,

3 ties between $500,000 and $1,000,000 per annum,

2 lies between $250.000 and $500,000 per annum, or

1 is less than $250.000 per annum.

Potential Mainland Market and
Porential fnternational Market

The figures for potential Mainland and internaticnal markets utiize current
consumption data plus estimates of consumption in five years. These projections assume
the supply from aquaculture can be increased and that some substitution can occur.
Species were scored for both elements according to the same set of criteria.

Score Description

5 Potential wholesale market value for Hawaii-grown product exceeds
950,000,000 per annum,

4 lies between $10.000.000 and 350,000,000 per annum,
3 lies between $5,000.000 and $10,000.000 per annum,
2 lies between $2.500,000 and $5.000,000 per annum, or
| is less than $2,500,000 per annum.

Wholesale Price —Hawaii

The wholesale price of an aquaculture species is of importance in Hawaii. Due to
the high cost of inputs {i.., land, labor, water, feed, etc.), species of relatively high
market value may have the most immediate commercial potential because they may
allow enough margin for profit. Scoring was as follows:

Score Description
5 Wholesale price potential per pound exceeds $3.00,
4 lies between $2.00 and $3.00,
3 lies between $1.00 and $2.00,
2 lies between $0.50 and $1.00, or
1 is less than $0.50.
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Subcultural Preference

If the appeal of a species to a specific ethnic group is limited, the expansion of
that market may be restricted.

Score Description
5 Species appeals to a variety of ethnic groups,
3 to several ethnic groups, or
{ to a small ethnic group.

Interregional Competition

A candidate for culture in Hawaii will most likely be cultured elsewhere in the
world. Interregional competition addresses the estimated extent to which other areas
can compete with a Hawaii product in the local seafood market. It must be kept in

mind that the form of the imported products may be the same as the Hawaii-grown
product.

Score Description
5 The product is produced only in Hawaii, or other areas cannot compete
economically in the local market.
3 There is some competition from elsewhere, but the Hawaii produced
product is considered superior.
| Severe competition from other areas affects the viability of culture in
Hawaii.

Recreational Potential (*Pay and Fish™)

An aquaculture industry of considerable size has emerged in the southern United
States. The culture of channel catfish for recreational fisheries (*‘Pay and Fish'} is
rapidly becoming an important outiet for cultured species. A smilar situation for trout
exists in France and the United States (Brown, 1977).? Species with potential for
recreational fishing increase the feasibility for commercial culture.

Score Description
5 The potential for recreational fishing is high,
3 moderate with some problems, or
1 not foreseen.

*Such species as oysters, which are not suitable for “Pay and Fish " received lower scores.
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Catch Fisheries Competition—Hawaii

T}le volum‘e of landings from capture fisheries in Hawaii can affect the viability
of a given species. The larger the natural fishery, the harder it may be for a cultured
product to compete in the marketplace.

Score Description
5 No natural fisheries exist.
3 There are smalt fisheries, but these are important to only a small segment

of the market,
1 Large natural fisheries exist.
Economic Risk

Economic risk is measured by the stability of the market. The greater the stability,
the greater the reliability in marketing estimates. Consequently, fewer risks are involved.

Score Description
5 The market is large and stable,
3 widely fluctuating, or
1 unidentified and not predictable.
Rescurces

The physical requirements for the candidate species-groups can be related to certain
available State resources. Aquaculture is generally considered “technology extensive” and
moderately “labor intensive” (Bardach et al., 1972; Brown. 1977). Key elements considered

were availability of sites, water and expertise.

Sites

The availability of appropriate sites for culture is fundamental to development. For
example, if a species requires seawater embayment for culture and suitable embayments
are not available in Hawaii, then a low score was assigned. Also, competition from alter-
native uses must be evaluated. If a species requires land which is unsuitable for other
uses, it scored highly. if a species requires land or water areas which are In competition
for other uses, such as urban development or tourist altractions, it received a lower score.

Score Description
5 The species ¢an be cultured on available, unused land or water areas,
3 requires land or water areas which are either scarce or in competition with

other industries, or

1 requires land or water areas which are not available, or which are highly
competitive with other uses or committed to other uses.
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Warer

Species-groups were evaluated and scored with respect to the availability, quality
and quantity of water (fresh water and seawater) necessary for culture. Generally,
brackish water and saltwater species would receive a high score.

Score Description

5 Water of required quality and guantity is available in abundance through-
out the State,

3 available regionally, or
1 limited.
Expertise Required

The availability of technically competent personnel {amiliar with all aspects of the
aquaculture of a species-group is deemed an asset for commercial development.

Score Description

5 TFechnical requirements are well-known, and knowledgeable managers and
technically qualified personnel are available in Hawaii,

3 known, but expertise is not available in the State, or
1 not well-known, and expertise is not available.
Economic Considerations

The economic elements for scoring the species-groups assess: (1) economic feasi-
bility, and (2) the likelihood of obtaining institutional financing for aquaculture ventures.

Past Performance
Past or demonstrated performance is important in financing. Most financial institu-

tions will not approve a loan for an enterprise that has not successfully demonstrated
economic feasibility.

Score Description
5 Production and financial success have been demonstrated in Hawaii.
3 Production and financial success have been demanstrated eisewhere.
1 No financial success has been demonstrated to date.

Likelihood of Institutional Financing

Lending institutions may have differing views as to the potential for success of an
aquaculture venture. Lendors with a high degree of understanding of the operation will
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have greater confidence in its profit potential i .
offer loans. p and will be more favorably inclined to

Score Description
5 Lendors have a high level of confidence in the operation—loans and

funding available in Hawaii,
3 some understanding of the operation—loan potential exists in Hawaii, or

1 Jittle or no understanding of the operation—the likelihood of obtaining
a loan is not great.

Potential Profitability

Bgsed on the state-of-the-art for culture and the structure of the market, the
potential profitability can be estimated.

Score Description
5 The profit potential is high,
3 marginal, or
i not profitable or unknown.

Confidence in Profirability Estimate

This element reflects the reliability of information that has been used to estimate
profitability.

Score Description

5 The estimate of profitability is based on weli-established practices in
situations similar to Hawaii, both physicalty and economically.

3 Isolated example(s) suggests profitability.
1 Estimates are highly tentative; no commercial production has been
demonstrated.

Time to Develop Industry

The estimated time necessary for development of commercial production in Hawail

will affect funding decisions.

Score Description
5 The time needed is estimated to be less than 2 years—-short term,
3 5 years—midterm, oI
| 10 or more years—longterm.
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Legal and Social Considerations

This table addresses the issues of legal and soctal barriers to the importation, culture.
sale and exportation of aquaculture commodities by Hawaii's aguafarmers, These areas

have an important effect on the ability of private intercsts to begin or invest in aqua-
culture ventures.

Legal Barriers to Import

Species-groups which require a permit to bring them into the State are deemed less
desirable. Similarly. those on the Federa! Injurious Species List are deemed less desirable.

Score Description
5 The species is endemic and already present in Hawaii.
3 must be imported from Mainland or Canada, or
| must be imported from other countries.

Other Legal andd Scvocial Barriers

Legal and social barriers refer ta laws or a social consciousness which may impede
the development of a species-group. The elements scores were: legal barriers to culture,
legal barriers to sale, social barriers to import. socizl barriers to culture and social
barriers to sale. The same set of criteria were used to score species for all five elemwents.

Score Description
5 There are no barriers,
3 mtnor problems, or
| major barriers.
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