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Introduction
Mission
The mission of the Center for Tropical and Subtropical Aquaculture (CTSA) is to
support aquaculture research, development, demonstration, and extension education in order to enhance viable and profitable U.S. aquaculture.

Background
Title XIV of the Agriculture and Food Act of 1980 and the Food Security Act of
1985 authorized establishment of five regional aquaculture research, development, and demonstration centers in the United States (Subtitle L, Sec. 1475[d]) in
association with colleges and universities, state departments of agriculture, federal
facilities, and non-profit private research institutions.
CTSA is one of the five regional aquaculture centers (RACs) funded by the U.S.
Department of Agriculture. Research projects span the American Insular Pacific,
using its extensive resource base to meet the needs and concerns of the tropical
aquaculture industry.
CTSA is jointly administered by the University of Hawaii and the Oceanic Institute. The Center has offices at both the University of Hawaii’s Manoa campus and
the Oceanic Institute’s Makapuu Point site on windward Oahu.
The CTSA region
comprises:
American Samoa
Commonwealth of
the Northern
Mariana Islands
Federated States of
Micronesia
Guam
Hawaii
Republic of Palau
Republic of the
Marshall Islands
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Objectives
The RACs encourage cooperative and collaborative aquaculture research and
extension education programs that have regional or national applications. The
Centers’ programs complement and strengthen existing research and extension
educational programs provided by the U.S. Department of Agriculture and by
other public institutions. The following are the objectives of the Centers:
1. Promote aquaculture research, development, and demonstration for the
enhancement of viable and profitable commercial aquaculture production in
the United States for the benefit of producers, consumers, and the American
economy;
2. Utilize the Regional Aquaculture Centers in a national program of cooperative
and collaborative research, extension, and development activities among public
and private institutions having demonstrated capabilities in support of commercial aquaculture in the United States.
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Organizational Structure
CTSA funds aquaculture research, development, and demonstration projects. Each
year’s program is the result of several groups working together for many months.
A Board of Directors oversees CTSA’s programmatic functions, and an Executive Committee is responsible for CTSA’s administrative policy and functions.
In addition, CTSA has two working groups. The Industry Advisory Council (IAC)
is comprised of members from aquacultural and agricultural enterprises, government agencies, and other business entities. The Technical Committee (TC) is made
up of researchers and extension agents.
The Board, the IAC, and the TC draw their members from American Samoa,
the Commonwealth of the Northern Mariana Islands, the Federated States
of Micronesia, Guam, Hawaii, the Republic of Palau, and the Republic of the
Marshall Islands.

Administrative Center
CTSA is jointly administered by the Oceanic Institute and the University of
Hawaii. The Oceanic Institute has fiscal and administrative responsibilities for CTSA
operation. CTSA’s Administrative Center is located at the Oceanic Institute on
the island of Oahu in Hawaii. A second office is located at the University of Hawaii’s
Manoa campus, also on the island of Oahu. CTSA staff provide all necessary
support services for the Board of Directors, the Executive Committee, the IAC,
the TC, project review panels, and project work groups. Executive Director
Cheng-Sheng Lee, Ph.D., supervises operation of the Center.
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Board of Directors
The Board of Directors is responsible for oversight of CTSA’s industry development plans, policies, and programs, including concurrence on the allocation of the
available annual budget. The Board is also responsible for development of ancillary agreements with other agencies and institutions.
The members of the Board of Directors represent educational, state, and nonprofit private research institutions throughout the region. The Board:
n

provides oversight for regional program development, execution, and
management;

n

appoints and removes members of the IAC and the TC;

n

approves the proposed duties and membership of the IAC and the TC;

n

approves the proposed strategy for project selection;

n

approves the Annual Plan of Work, including budget allocations;

n

approves the Annual Accomplishment Report for consistency with the
goals and objectives of CTSA and the authorizing legislation; and

n

directs the Executive Director to respond to its information needs.

The Board of Directors includes these members:
n

Dr. Bruce S. Anderson
Oceanic Institute

n

Mr. John Corbin
Hawaii Department of Agriculture Aquaculture Development Program

n

Dr. Andrew Hashimoto
College of Tropical Agriculture and Human Resources,
University of Hawaii at Manoa

n

Dr. Jo-Ann Leong (Chair)
Hawaii Institute of Marine Biology, University of Hawaii at Manoa

n

Dr. Singeru Singeo
Land Grant Programs, College of Micronesia

n

Dr. Lee S. Yudin
College of Natural and Applied Sciences, University of Guam
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Executive Committee
The Executive Committee of the Board of Directors is comprised of the two
members who are appointed by the presidents of the University of Hawaii and the
Oceanic Institute. The Executive Committee is responsible for making final decisions on the administrative policy, budget, and procedures of CTSA. The Committee also appoints the Executive Director of CTSA. These two directors make
up the Executive Committee:
n

Dr. Bruce S. Anderson (Executive Committee Chair)
Oceanic Institute

n

Dr. Jo-Ann Leong (Board of Directors Chair)
Hawaii Institute of Marine Biology, University of Hawaii at Manoa

Industry Advisory Council
Members of the IAC include commercial aquaculture farmers and members of
government bodies. Members are appointed by the Board of Directors for threeyear, renewable terms. As an advisory body, the IAC’s capacity provides an open
forum through which those involved in the business of aquaculture can provide
comments, suggestions, and advice. With the approval of the Board of Directors,
the contributions of the IAC can be incorporated into annual and ongoing plans
for CTSA. The IAC has the following duties:
n

reports the status and needs of aquaculture development in their represented region or field of interest and expertise;

n

recommends and ranks, according to perceived importance to industry,
expansion, research, and development needs each year;

n

annually elects a chair from its eligible membership to conduct the annual
IAC meeting, present recommendations regarding proposals to the Board
based on reviewers’ comments, and serve as a voting member on the
Board of Directors; and

n

assigns members to serve as industry liaisons for each project. Liaisons
monitor progress through quarterly project updates and other reports from
the projects’ principal investigators (PIs). Liaisons collaborate with project
PIs to report on the progress of projects at the annual meeting.

The IAC has 19 members:
n

Dr. Paul Bienfang
University of Hawaii at Manoa
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n

Mr. J. Randy Cates
Cates International Inc.

n

Mr. David Cohen
Aquatic Innovations

n

Mr. Brian Goldstein
Kona Bay Marine Resources Inc.

n

Mr. John Gourley
Micronesian Environmental Services

n

Ms. Linda Gusman
Island Aquaculture

n

Mr. Donald Hess
College of the Marshall Islands

n

Mr. Steve Hopkins
Rain Garden Ornamentals

n

Mr. Theofanes Isamu
Palau Bureau of Marine Resources

n

Mr. Robert Kern
Tropical Ponds of Hawaii

n

Mr. Jeff Koch
Mokuleia Aquafarm

n

Mr. Peter San Nicolas
Seafood Aquaculture Inc.

n

Mr. Neil Sims
Black Pearls, Inc.

n

Dr. Richard Spencer (Chair)
Hawaiian Marine Enterprises

n

Mr. Joseph Tabrah
The Oceanic Institute

n

Mr. Andy Tafleichieg
Yap Marine Resources Division

n

Mr. Frank Toves
Anki’s Enterprise

n

Mr. Ron Weidenbach
Hawaii Fish Co.
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n

Dr. Leonard Young
Hawaii Department of Agriculture Aquaculture Development Program

Technical Committee
Members of the TC represent participating research institutions and state extension services, other state or territorial public agencies as appropriate, and nonprofit private institutions. The TC evaluates the scientific merit of preproposals
submitted to CTSA. The Board of Directors appoints members for two-year,
renewable terms. The TC has the following duties:
n

develops problem statements for the priority areas selected and identified
by the IAC. The Request for Preproposals is based on these problem
statements;

n

reviews and assesses the research approach of preproposals as to
adequacy in addressing the priority problem areas selected and identified
by the IAC;

n

ensures that proposed research does not duplicate previous research and
that it develops new and novel results for application by the industry;

n

submits recommendations to the Executive Director regarding which
preproposals adequately address the priority areas selected and identified by the IAC;

n

evaluates the annual progress of funded projects and submits comments
on research direction and results; and

n

annually elects a chair from its eligible membership to conduct the annual
TC meeting and serve as a non-voting member on the Board of Directors.

The TC has 17 members :
n

Dr. Harry Ako (Chair )
University of Hawaii at Manoa

n

Ms. Kristen Anderson
University of Hawaii at Manoa
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n

Mr. Richard Bailey, Jr.
Pools and Ponds Hawaii

n

Dr. John Brown
University of Guam

n

Mr. David Coleman
Leeward Community College

n

Mr. David Crisostomo
University of Guam

n

Mr. Simon Ellis
Mid-Pacific Marine Consultants

n

Dr. Maria Haws
University of Hawaii at Hilo

n

Dr. Kevin Hopkins
University of Hawaii at Hilo

n

Mr. Tom Iwai
Anuenue Fisheries Research Center

n

Dr. PingSun Leung
University of Hawaii at Manoa

n

Dr. Wai-Kit Nip
University of Hawaii at Manoa

n

Dr. Anthony Ostrowski
Oceanic Institute

n

Mr. Vernon Sato

n

Dr. Peter Schupp
University of Guam

n

Mr. Howard Takata
University of Hawaii at Hilo

n

Dr. Christopher Winn
Hawaii Pacific University
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Executive Summary
PROGRAM SCOPE
During 2006, the Center for Tropical and Subtropical Aquaculture completed work
on projects funded under its Fifteenth Annual Plan of Work and continued work on
projects funded under its Sixteenth, Seventeenth, and Eighteenth Annual Plans of Work.
Also, CTSA initiated work on projects developed under its Nineteenth Annual Plan of
Work and began developing its Twentieth Annual Plan of Work.
Nine projects were funded under CTSA’s nineteenth year program, which was
approved by CTSA’s Board of Directors on January 24, 2006. Two of them
were continuations of projects begun under the programs of previous years, and
seven were new projects.
Since the inception of CTSA in 1986, it has funded 195 research, demonstration,
development, and extension projects. Eighteen projects were active during 2006.
These projects fall into five categories:
n

Information Dissemination

n

Extension Support to Further Industry Development

n

Marketing and Economics

n

Development of New Technologies

n

Demonstration and Adaptation of Known Technologies

These projects address information dissemination:
w Publications, Information, and Library (PRAISE)
w Pacific Regional Aquaculture Information Service for Education
(PRAISE) and Publications, Year 1
These projects address extension support:
w Disease Management in Hawaiian Aquaculture, Years 11 and 12
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w Improving Outputs in the Commercial-scale Production
of Swordtails in Hawaii
w National Aquaculture Extension Conference
These projects address marketing and economics:
w Optimal Harvesting Strategies for Farmed Fish and Shrimp in Hawaii,
Year 1
w Feasibility Analysis of Shrimp Waste Processing Alternatives
These projects address development of new technologies:
w Longfin Amberjack (Seriola rivoliana) Nursery Fingerling
Production/Amberjack Fingerling Production, Years 1 and 2
w Bioprocessing Pacific Island Byproducts for Production of Value-added
Feed Ingredients, Year 1
w Development of Cost-effective, High-performance Feeds
for Chinese Catfish (Clarias fuscus)
w Post-harvest Handling and Storage of Limu, Year 2
w Aquaculture of Marine Invertebrates for the Marine Ornamental
Trade, Year 3
w Marine Ornamentals Phase II: Mass Culture Techniques for Pygmy
Angelfish and Broodstock Management for Hawaiian Wrasses, Years
1 and 2
w Pacific Threadfin Fingerling Transport Technology Development,
Year 2
These projects address demonstration and adaptation of known technologies:
w Alofau Village Coral Farm for Village Based Industry and as a Tool
for Community Coral Management
w Intensive Microalgae Production, Year 1
w Improved Stocks and Managment Practices for Commercial Tilapia
Culture in Hawaii and the Pacific Region—Hawaii Component, Years
1 and 2
w Evaluation and Propagation of Tilapia Strains for a Self-sufficient
Tilapia Industry on Guam, Year 2
On the following pages, we present a summary of the principal accomplishments
of these active projects. For more project details—such as funding, objectives,
and anticipated benefits—please go to the Progress Reports section.
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Information Dissemination
Publications, Information, and Library
The Publications component of this project has two important, inter-related goals:
to inform industry members and educators in our region of pertinent aquaculture
information through various media, and to inform the aquaculture community and
interested parties of the progress of CTSA-funded projects through our own
publications and those produced by others.
During the project period, four issues of CTSA’s quarterly newsletter Regional
Notes were published and distributed to an audience of nearly 1,300 that ranges
from local farmers and researchers to U.S. senators and other Beltway
policymakers. The project also produced an Aquafarmer Information Sheet, CTSA
Publication #152, based on data from a CTSA-funded project, and responded to
several requests for this 20-page publication. The project team led efforts to create
a brochure to inform a variety of potential audiences about the USDA/CSREES
Regional Aquaculture Center program. The Publications project provides an
invaluable service, creating and disseminating documents and other media full of
information that is difficult and sometimes impossible to find elsewhere.
The library-related aspect of this project or the Pacific Regional Aquaculture
Information Service for Education (PRAISE) provides research support services
that empower regional aquaculturists to compete in the business world. These
services range from development of educational products to direct delivery of
research information. For a relatively small investment, the Pacific region has access
to information that has enabled users to apply successfully for grants, design better
facilities, increase survival rates, produce quality merchandise, and market the
results. Regional educators and librarians have also benefited through product
development and resource sharing. Every year, we receive grateful commentaries
from our users assuring us that they couldn’t have done it without our assistance or
that the job would have taken considerably longer without our help.
Industry members, educators and researchers in the CTSA have an ongoing need
for the services we offer. Hamilton Library is the only research library in the Pacific.
Given high transportation costs, electronic transfer of resources makes this project
cost effective. Thus, it is logical that our focus for new products be on digitizing
resources that are useful to the aquaculture community.
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Extension Support to Further Industry Development
Disease Management in Pacific Aquaculture
The focus of this project is to address current disease and health management
issues facing aquaculture operations. Resources in the project have been used to
address applied research on health management issues important to the aquaculture
community in Hawaii and throughout the Pacific. This support infuses necessary
resources for the research and development of diagnostic and control services
aimed at specific disease problems that limit aquaculture production. All project
activities contribute to the long-term goal of the project, which is to assist aquaculture
business operations in the region in developing solutions to emerging or longstanding
disease problems.
Cryptocaryon irritans possesses very broad host specificity and has caused
significant disease problems in many fish species in marine aquaculture and in
private aquaria. Therefore, it is of concern to essentially all marine finfish aquaculture
endeavors in the region as well as on a global scale. Development of an effective
vaccine will be beneficial to both food and ornamental finfish trades by limiting the
losses that traditionally occur due to Cryptocaryon.
Project results to date reveal that fish can clear an infection with C. irritans and
retain immunity against the parasite for an extended period of time. Fish antibodies
recognize specific parasite proteins, supporting the hypothesis that a successful
vaccine can be developed against this economically significant fish pathogen. Once
a specific purified protein has been identified as efficacious, then molecular work
will be done in order to produce a recombinant protein for additional trials.
Establishment of a pathogen screening program for companies that routinely import
freshwater ornamentals has been accomplished by health management associate
Dee Montgomery-Brock. The practice of importing and breeding freshwater
ornamentals is an increasingly lucrative aquaculture practice in Hawaii. As more
fish are imported into the islands, a corresponding need for diagnostic assistance
is required, since fish populations can and many times do arrive in poor health.
This screening objective (Objective 3 in Year 12) allows us to collect data about
the type of pathogens imported fish are bringing into Hawaii and the origin of these
fish populations (and their respective pathogens).
Through system/stock assessments provided during Year 11, the project working
group gave individualized studies of aquaculture systems. These evaluations
benefited farmers more than group workshops, since individual issues and concerns
could be addressed at the time of each site visit. In terms of financial impact from
this component, approximately $8,000 was saved by a local producer during an
outbreak of an ectoparasite disease detected when conducting clownfish health
exams as part of a CTSA-funded site visit.
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The other two objectives, continued cell line development and assessment of nonchemical methods of ectoparasite removal through the use of cleaner wrasse, are
in the early stages of initiation. Year 11 cell line attempts focused on establishing
cultures for kahala, Chinese catfish, and flame angelfish. Although primary cultures
were produced, none of the lines became immortalized. This work has carried
over into the Year 12 project as we continue efforts to produce cell lines from
these species and also include grouper and barramundi. Development of continuous
cell lines from important Pacific aquaculture species will be a powerful contribution
to the suite of disease diagnostics that the “Disease Management” project is working
to make available.
Control of ectoparasites is a very challenging feature of warm water marine finfish
aquaculture. Major culprits include microscopic protozoan parasites (e.g.,
Amyloodinium occelatum and C. irritans), monogenean trematodes, and
crustacean “lice.” These parasites, operating singly or in combination, cause major
fish losses, especially in tank-based rearing systems with limited water exchange.
The shortage of FDA-approved chemical treatments for parasite control
compounds the difficulty of eradicating parasites. If the cleaner wrasse proves
effective, then subsequent efforts in future years could focus on establishing a
biosecure captive-reared population of cleaner wrasses to reduce the chance of
pathogen introduction by wild-collected cleaner wrasses.

Improving Outputs in the Commercial-scale Production of
Swordtails in Hawaii
The overall goal of this proposed project focuses on improving Hawaii’s swordtail
production output and impacting its product value. Swordtails contributed 20% of
Hawaii’s freshwater ornamental product value and contributed 23.5% of the product
volume, as reported by Kam et al. (2005). The desired outcome of the proposed
project is to improve the statewide swordtail production volume by at least 25%
and the contribution by swordtails to the freshwater ornamental product value to
approximately 30%.
It is projected that these improvements will require an effort that will extend over
the course of a minimum of two years, and the current report is the first of the
Year 1 project. It is proposed that achievement of the overall goal will depend on
completion of several objectives in two focus areas. The first focus area is on
overall improvement of production efficiency of common swordtails. The second
focus area will be the development of the technology for production of all female
homozygous lyretail populations that should ultimately result in an overall
improvement of swordtail output by the production of a higher valued swordtail.
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National Aquaculture Extension Conference
The overall goal of this proposal is to arrange CTSA participation and representation
in the Fourth National Aquaculture Extension Conference to be held in Cincinnati,
Ohio, in the spring of 2007. The objectives of this proposal are to arrange CTSA
support for the central conference planning effort and to support the travel and
reporting activity of the CTSA region’s participants in the conference.
Three CTSA representatives to the conference will attend and participate, including
(1) principal investigator Jim Szyper, Ph.D., who is a member of the National
Aquaculture Extension Steering Committee; (2) Clyde Tamaru, Ph.D., also of the
University of Hawaii Sea Grant Extension Service, who is the regional representative
to the Conference Planning Committee; and (3) a participant to be invited from
the U.S.-affiliated Pacific Islands. Tamaru will prepare a report of the trip. All
participants will respond to the post-conference evaluation as appropriate. The
budget items requested are $6,249 for travel expenses and $5,000 for CTSA’s
contribution to conference organization efforts.

Marketing and Economics
Optimal Harvesting Strategies for Farmed Fish and Shrimp
The core of this project is to allow shrimp and finfish growers to harness the
power of bio-economic models and personal computers to effectively manage
their farm operations when facing both production and price risks. By having an
effective management tool and the appropriate training to use it, shrimp and finfish
growers could potentially increase their profitability. Hence, the purpose of this
project is to develop decision aids for optimal stocking and harvesting strategies.
The project team is developing these decision aids in close collaboration with
industry collaborators in order to best mimic producers’ actual decision processes
and make the tools as realistic as possible. Growers have agreed to participate by
providing information necessary for development, testing, and refinement of the
decision aids. The goal is to develop a simple-to-use but realistic decision tool that
assists shrimp and finfish growers in planning their stocking and harvesting decisions.
These aids are to be specific to each operation and able to be implemented on
personal computers; the spine of this effort will also have general characteristics
for wider application.
It is well documented that partial harvesting can increase the productivity and
possibly the profitability of aquaculture operations. Using impulsive control theory,
an optimal partial-harvesting theoretical model has been developed. Preliminary
testing suggests that the modeling framework is operational. We are currently
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working with Paul Bienfang, Ph.D., to derive a baseline set of biological parameters
to test and refine a preliminary spreadsheet model, which was designed based on
the developed analytical framework.

Feasibility Analysis of Shrimp Waste Processing Alternatives
From the year 1998 to the year 2002, the annual production of shellfish in Hawaii
at commercial aquacultural operations doubled to 1.4 million pounds, representing
a value of $8.2 million (Hawaii Agricultural Statistics Service). While the growing
demand for these products virtually ensures a nearly insatiable market, competition
from low-cost producers abroad has driven profit to a level that threatens the
sustainable growth of the industry. Because of this situation, effort must be taken
to both improve production methods and seek alternative revenue streams from
existing production. Thus, the primary objective of this research was to identify
marketable byproducts derived from shrimp wastes produced in Hawaii that might
improve the profitability of local aquaculture enterprises.
We identified alternative products and subjected them to rigorous economic analysis
to determine which might result in favorable returns, given Hawaii’s unique market,
business costs, and limited production scale. These analyses suggest that, under
the prevailing market conditions in Hawaii, only a few relatively low-value products,
such as shrimp hydrolysate, might be produced in Hawaii without assuming
unreasonable economic risks. The detailed analyses provide practical insight into
the investment costs, potential return, and risks of producing marketable materials
from shrimp waste in Hawaii. This information may help shrimp producers in Hawaii
decide if it is feasible to diversify their operations to fully utilize the material they
produce. This analysis may also be useful to aquaculture producers in the Pacific
Islands, where industry has similar limitations of isolation and scale.
While the future of shrimp production in Hawaii is uncertain, even in the short
term, publication of the detailed findings of this project may help local aquaculture
concerns to evaluate the potential economic benefits and risks of expanding their
product range to include waste byproducts from processed shrimp.

Development of New Technologies
Amberjack (Seriola rivoliana) Nursery Fingerling Production
This report mainly covers the first project year and the start of the second year of a
three-year CTSA-funded effort to develop and transfer aquaculture technology for the
amberjack (Seriola rivoliana) to commercial industry in Hawaii. At project inception
in 2002, open-ocean aquaculture in Hawaii was in its early stages with the Oceanic
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Institute (OI) and the University of Hawaii collaborating in a successful demonstration
of the potential for offshore marine finfish (specifically, moi) aquaculture in submersible
cages. Soon after, Cates International began operations at a cage site off the coast of
Ewa Beach, establishing the first commercial open-ocean cage production company in
Hawaii and the nation, producing 5,000 to 7,000 lbs of moi per week.
The CTSA amberjack project was initiated to assist in developing a second targeted
offshore species, the longfin amberjack, better known locally as kahala. Based on
industry input at the time of proposal submission, Year 1 project activities were to
concentrate on increasing nursery density and testing of partial water reuse technologies
to reduce water consumption and facilitate greater biosecurity. However, by the time
of project initiation in January 2004, commercial kahala production had already been
initiated at Kona Blue Water Farms on the Big Island, and it was clear that the
development of a stable egg supply and parasite issues had become the predominant
bottlenecks for this emerging industry.
Therefore, Year 1 project activities were refocused (based on industry request and
with CTSA approval) on Year 3 objectives, which deal with critical broodstock health
and maintenance issues to establish a year-round supply of viable eggs as the necessary
first step in hatchery-based culture of this species. To this end, the project was a clear
success with the establishment of a year-round supply of eggs and development of
substantial improvements in egg numbers and egg quality attributed to the implementation
of a new high-lipid broodstock diet. Forty-two shipments and 14 million eggs from
these stocks were provided to industry startups at both Kona Blue Water Farms and
Pacific Ocean Ventures over the last year. The eggs were found to demonstrate excellent
hatchery performance yielding significant contributions of fingerlings at a critical stage in
the startup of commercial operations.
Year 2 project activities were recently initiated, focusing on establishing optimum
broodstock holding densities and working on resolving monogenean parasite infestations
in cage-reared growout stocks. Toward the first objective, we have already shipped
slightly more than 100 2-kg kahala broodstock from Kona Blue Water Farms to OI,
which is located on Oahu (65 kahala had been shipped by the end of Year 1 activities).
The project team will soon complete shipment of the remaining 50 to 60 animals
necessary for trial initiation.
Shipment of broodstock animals will continue during Year 2 of the project for stocking
studies determining the optimum broodstock holding density and to generate fingerlings
for parasite studies in collaboration with disease specialists at HIMB.
Under the second objective of Year 2 project activities, efforts have been focused on
commissioning a kahala fingerling rearing system and organizing kahala fingerling
shipments from Kona Blue Water Farms to the Hawaii Institute of Marine Biology
(HIMB) of the University of Hawaii at Manoa. Parasite studies will begin examining
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methods to control and/or eradicate monogeneans that currently infest open-ocean
reared fish to ensure optimal health of culture stocks.

Bioprocessing Pacific Island Byproducts for the Production of
Value-added Feed Ingredients
The overall goal of this project is to develop the bioprocess procedure/ method
for the conversion of fruit/food processing wastes into value-added products (e.g.,
high protein content and probiotics) for aquatic feed ingredients. Evaluation of
these products in regards to growth and survival of shrimp will be investigated.
Papaya processing waste (collected from Super Foods Inc. of Honolulu) has
been used as the feed stocks for the bioconversion process. Baker yeast has been
used as the seed or innoculum for the aerobic bioconversion process. Various
pretreatment procedures — including shredding, bio-liquefaction, and nutrient
additions of papaya processing wastes (PPW) — were investigated for the
improvement of the bioconversion process. Frozen samples of bioprocessed PPW
have been submitted to the Oceanic Institute for nutrient analysis. Tentative results
have been found and are listed below:
1. Pretreatment procedures including shredding and bio-liquefaction
performances are shown in Appendix A. The required reaction time for
PPW liquefaction is one day. The liquefied PPW and mixed slurry were
used as substrate for yeast growth which produced around 30-35% of
protein in product solids. However, the liquefaction PPW may contain
unwanted bacteria. Therefore, it is not suggested as an appropriate
pretreatment method.
2. Pretreatment of blended PPW with nutrient addition (N and P) results are
shown in Appendix B. With N and P additions, the PPW substrate provides
higher yield and protein content in the final product than the liquefaction
PPW. The centrifuged PPW juice and mixed blending PPW slurry
pretreatment provide similar yields, and, therefore, a blending of PPW
with N and P additions is suggested for the pretreatment of PPW.
3. In order to detect the required aeration time needed to achieve maximum
or desirable product formation, a continuous monitoring/recording of the
PH, dissolved oxygen (DO) and oxidation reduction potential (ORP) were
made. As attached results in the Appendix B show, it is apparent that the
automation of a bioconversion process is able to be installed for the
production.
4. Nutrient analysis of liquid PPW samples sent to Oceanic Institute suggests
that the 40% crude protein byproduct, as shown in Appendix C, may be
a potential feed source for the marine shrimp L. vannamei.
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In addition to the above achievements of the project, the following works are
planned for the next tasks:
1. Refine the aerobic bioconversion process kinetics of papaya processing
wastes into protein rich product.
2. Determine the aeration requirement for the maximization of production of
biomass (yeast) and protein content.
5. Plan for semi-continuous flow operation of the bio-production system.
6. Initiate the anaerobic bioconversion of papaya processing wastes for the
production of lactic acid producing bacteria.
7. Start to work with the Oceanic Institute for feeding trial tests using the
products from the bioconversion process.

Development of Cost-Effective, High-Performance Feeds
for Chinese Catfish, Clarias Fuscus
A major question has remained elusive for Chinese catfish producers: Which feed
is best for Chinese catfish? In particular, farmers would like to know the critical
nutritional parameters so as to be able to choose a feed that would support good
growth performance for this species. Moreover, in correspondence received from
the director of the Center for Tropical and Subtropical Aquaculture (CTSA) on
May 17, 2004, a full proposal to address this question was requested with the
following stipulations. (1) It has been indicated that the CTSA Industry Advisory
Council does not want to fund, “an academic nutritional study” (2) the proposed
project should be completed within a single funding cycle, and, lastly, the proposed
project should not exceed $35,000. A proposal was developed and submitted to
CTSA in response to the Request for Proposals while working within the stipulations
provided. Progress made on this project, which was approved by the USDA in
2005, and results so far obtained form the basis of this report.

Post-Harvest Handling and Storage of Limu
The overall objective of this project is to develop technology to allow for more
widely marketing limu, as seaweed is locally known, to be marketing. The major
limitation to shipping limu is its overall short life after harvest. To address this
limitation, this project has developed recommendations for pre-harvest calcium/
nitrogen dips, post-harvest storage temperature and maximum storage duration
for quality maintenance, modified atmosphere storage recommendations, and postharvest dips to minimize microbial growth. These recommendations have been
communicated to growers, packers, and wholesalers.
The optimal storage temperature for Gracilaria salicornia is between 15 o C to
17 o C in the dark. This storage temperature maintained quality but did not extend
limu’s shelf life. The two-minute and 60-minute post-harvest dips in calcium,
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ammonium, and nitrate did not extend shelf life. Results from high-pressure
processing suggest that pressures as low as 100 Mpa would lead to loss in thalli
color and cell membrane integrity.
These studies have given us a clear idea as to the changes that do occur postharvest and what are the best measures of these changes. We have shown that
short treatments of moderate heat (38 o C and 42 o C) were beneficial toward
maintaining limu appearance, delaying overall deterioration, and extending shelf
life when stored at 17 o C. Treatment of limu at 42 o C for less than 30 minutes was
the optimal hot-water dipping treatment. This treatment has commercial possibilities.
Project funding ends on December 31, 2006, and the focus will be on preparing
the final termination report. One publication has already been published that
conveyed our findings to those in aquaculture. Also, a draft of a manuscript for a
detailed publication has already been written.

Aquaculture of Hawaiian Marine Invertebrates for the Marine
Ornamental Trade
The ultimate goal of Year 3 of this CTSA-supported project on the aquaculture of
marine invertebrates is to develop technologies that would result in the artificial
propagation of the feather-duster worm. The intent would be to decrease
dependence on wild-caught worms for supplying the ornamental trade. In doing
so, this would also create new enterprises that would help diversify Hawaii’s
economy. The project was extended to March 31, 2006, and the activities that
were conducted during that time period are covered with this final report.
While natural spawning of captive broodstock has yet to be achieved, project
work group members have been successful in developing a means for the induction
of spawning. Investigations carried out under the auspices of the three-year marine
invertebrates CTSA project have also resulted in a large body of information
about many aspects of the life history of this worm, knowledge that was previously
unknown. That the species is a protandrous hermaphrodite, has a peak spawning
period between the months of October and December, and has a very short larval
stage are just some of the new pieces of information that have been determined
from the investigations carried out to date.
Preliminary results from larval settlement trials being conducted this year have
indicated that the density of worms may be able to reach more than 1,800 individuals
per square foot. These results, then, also indicate that the commercial production
of feather-duster worms is within the grasp of the project work group. A focused
effort, however, will be needed to see that this desired outcome can be achieved.
A pre-proposal entitled, “Artificially Propagating the Scarlett Cleaner Shrimp,
Lysmata ambioensis, and the Feather-Duster Worm, Sabellastarte spectabilis,
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for the Marine Ornamental Trade” was submitted in response to the CTSA Year
20 Call for Pre-proposals to secure additional funding to complete all of the
objectives of the feather-duster worm work, as well as investigate another
potentially important product for the ornamental market, the cleaner shrimp,
Lysmata ambioensis.

Aquaculture of Marine Ornamental Species, Phase II: Mass
Culture Techniques for Pygmy Angelfish and Broodstock
Management of Hawaiian Wrasses
This is the second phase of the CTSA-funded “Aquaculture of Marine Ornamental
Species” project that targets the development of new culture techniques for difficultto-rear ornamental coral reef species in Hawaii and the Pacific. The rationale for
developing new culture techniques for difficult-to-rear marine ornamental fish in Hawaii
was the economic potential of a larger, more diversified ornamentals sector focused on
high-value tropical reef species. The positive perception of cultured versus collected
reef fish was also recognized as an important selling point for the developing industry,
amid an increasingly environmentally aware customer base.
The first phase yielded a number of key breakthroughs including the development of
year-round spawning stocks of flame angelfish, the first-ever captive spawning of yellow
tang stocks, and the first-ever rearing of small numbers of flame angelfish larvae to
market size.
The second phase of this project, targets scaling up production methods for flame
angelfish and transferring methods to the industry. Toward this goal we have scaled up
broodstock holding to include 18 pairs of flame angelfish held in an outdoor system
under ambient photoperiod and another 15 pairs held in an indoor system under artificial
lighting. Substantial focus was given to holding system design, quarantine protocols,
and broodstock nutrition leading to current protocols using ocean water in an advanced
recirculating aquaculture system and diets high in highly enriched fatty acids. This effort
has increased the available egg supply to generate 10,000 to 20,000 spawned eggs
per day, setting the stage for efforts to refine and commercialize larviculture technology
for this difficult-to-rear marine ornamental reef species.
We have also made significant progress in improving survival rates of early flame
angelfish larvae through changes in water source and early larval husbandry.
Particularly interesting was the large improvement in larval survival rates achieved through
removal of tank aeration. Unlike most marine larvae studied to date, it appears that
flame angelfish larvae are extremely delicate and cannot tolerate the physical stressors
associated with tank aeration. Our research group also continues to make significant
progress in developing and scaling up copepod culture methodologies allowing us to
focus the remaining part of this project on refining the larval and nursery phases of
flame angelfish culture.
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During Year 1 of Phase II, In parallel with broodstock efforts, continuing progress was
made in the development of live prey culture methods for rearing flame angelfish larvae.
Parvocalanus culture methods were refined with smaller systems yielding by the end
of Year 1 mean culture densities of 13 nauplii/ml under daily harvest and 25 to 30
nauplii/ml on a three-day harvest cycle. Scale-up to date includes the maintenance of
reliable 2-L stock cultures, as well as 20-L and 250-L intermediate scale cultures on
twice weekly harvest. Pilot-production scale cultures (1,500-L) for large scale nauplii
production were operational by the end of Year 1, although considerable effort remained
necessary to refine husbandry and harvest procedures to obtain similar output densities
to that in the smaller scale culture systems.
Also under Year 1, we initiated efforts to culture Acartia copepods, which have larger
nauplii for potential application as a late larval stage feed for rapidly developing flame
angelfish larvae. Cultures were stable by the end of Year 1 but with relatively low initial
densities, thus requiring further scale-up efforts to generate sufficient numbers for
upcoming larval rearing trials.
Technology transfer under this initiative is being achieved through a series of
presentations at local industry workshops, seminars, presentations at both local and
international scientific meetings and through press coverage. During Year 1, we began
transferring marine ornamental and copepod culture technologies through a workshop
on the use of copepods for culturing Hawaiian marine finfish at the Oceanic Institute’s
Oceanic Learning Center (November 2004), a presentation on yellow tang culture
technology at the Hawaii Aquaculture Association meeting at Windward Community
College in Kaneohe (May 2005), and a new HPU undergraduate course, Culture of
Marine Ornamentals (June/July 2005).
Under Year 2, the industry workshop titled, “Current status of marine ornamental
research at the Oceanic Institute” held at the Oceanic Institute Learning Center in April
2006 provided a great opportunity to review progress in the field and show industry
stakeholders broodstock, live feeds, and larviculture operations.
The successful scale-up of these technologies and the transfer of them to commercial
producers should have immediate impact on the commercial sector. This project will
provide both the knowledge and confidence necessary to spur investment in this
potentially lucrative worldwide industry and relieve pressure on natural reef ecosystems
here and in the rest of the world.

Pacific Threadfin Fingerling Transport Technology Development
The start up of large offshore culture operations has dramatically increased by
more than tenfold the demand for fingerlings of key species, such as the Pacific
threadfin or moi as it is known in Hawaii. With this demand comes the need to
move large numbers of fingerlings between commercial sites — for example, from
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a hatchery to growout facility. Thus, this project was initiated to establish and
optimize fish transport protocols for Pacific threadfin fingerlings.
Now in its second year of work, the project team is focusing on refining protocols.
Conducting three trials of simulated transport, the team has essentially determined
the effects of stocking density on survival time and quantitative changes in water
quality parameters over time. The results of these trials led to plans to conduct
trials to find the best age/size fish for maintaining high water quality during transport.
Other trials have looked at changes in temperature, salinity and pH, among other
parameters, in maximizing stocking density. Moi are quite sensitive to temperature
reduction, especially under high-stress transport conditions, given that low
temperature treatments resulted in reduced survival rates. Results also indicate
that reducing transport salinity and adding an ammonia chelator improved fingerling
performance during high density transport. Also, this work has led us to believe
that the adoption of water exchange (i.e., rinsing) procedures is a critical factor in
improving overall transport survival rates. Another trial clearly demonstrated a
fingerling size (weight) effect on tolerance to handling and transport conditions.
Future work will continue to refine protocols, field test them on a commercial scale,
and transfer knowledge to stakeholders. The achievement of this project’s goals will
ensure the successful movement of large numbers of fish between facilities, over roads
and open-ocean, and facilitate scale-up of production to levels that will help Hawaii
producers achieve the necessary economies of scale to become competitive in the
world seafood trade.

Demonstration and Adaptation of Known Technologies
Alofau Village Coral Farm for a Village-Based Industry and as a
Tool for Community Coral Management
This six-month project was completed in four months due to a delay in the arrival
of funding. The project combined village-based coral farming for industry and
habitat restoration with community environmental education aimed at helping to
remove from the village of Alofau local stressors that are causing degradation of
some coastal coral reef habitats. This demonstration project created a small pilot
coral farm for a village-based mariculture business and introduced the U.S. territory
of American Samoa to coral farming as a new tool for community-based ecosystem
management. The farm and an associated education facility will serve as an example
and help inform the local public about reducing their impacts upon coastal resources.
A total of 10 village volunteers were fully trained in the creation and operation of
the coral farm and eight received training in simple coral reef restoration technologies.
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This project also helped provide hands-on learning of marine science topics to 10
to 20 young school children (ages 9 to 15) from the village, using snorkeling supplies
purchased through this project.
An added project outcome was the creation of the Alofau Community Ecology
Center (which also serves as the coral farm office), thanks to donations from
village members and several businesses of American Samoa. One additional
donation from the Pago Pago Rotary Club was received to purchase materials for
64 additional coral cages. The Ecology Center will be used for the running of the
coral farm and continued cleanup activities. One near-future use will be the testing
of water from area streams and springs to attempt to locate pollution sources and
correct them.
In the future, it is hoped that additional funding can be found to expand the coral
farm and to provide starting pay to villagers who work on the farm while the first
crop of corals mature. In addition, further funding is also being sought to support
the training of 10 to 20 additional potential coral farmers from other villages. Training
would include an introduction to the skills and technology needed to successfully
create and operate coral farms, along with the restoration of near shore coral reef
habitats.

Intensive Microalgae Production
The mass production of microalgae is a critical and often the rate-limiting step for
aquaculture operations throughout the state of Hawaii. Traditionally, this need has
been addressed by a combination of controlled indoor and more extensive outdoor
batch culture methods. Although relatively simple, these batch production systems
are typically labor intensive, variable in their productivity, and prone to crashes.
High-intensity algal production systems used by the marine bio-products industry
may provide a better alternative to current algal production methods.
Photobioreactor systems have a number of purported advantages including the
production of higher algae densities, smaller footprint, continuous or semicontinuous product delivery, longer production cycles, less opportunity for
contamination, greater system stability, and lower labor requirements per unit of
production. However, few reactor systems are actually commercially available
and those that are have an unproven record. Therefore, this project was initiated
to review, test and report back to the local aquaculture industry on the status of
photobioreactor systems for algal production.

Evaluation and Propagation of Tilapia Strains for a Self-Sufficient
Tilapia Industry in Guam
This project had an overall goal of creating a sustainable tilapia hatchery to satisfy
the local and regional demand for tilapia fry and juveniles in Guam. The Year 1
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project was scheduled to begin on October 1, 2002 but was delayed due to
extensive damage caused by Supertyphoon Pongsona, which struck Guam on
December 8, 2002. After eight months, the project facility was fully restored with
power and water and damaged equipment was replaced or repaired. The severe
delay also threw the project schedule out of sync with regards to cooperating
farmers’ willingness to stock their ponds for the culture period of six months as
specified in the project proposal. Thus, the project changed its strategy by
conducting growout trials in hapa nets held in raceways. The project compared
and evaluated growth between five varieties of tilapia in Year 1. The best three
varieties were determined to be the Oreochromis niloticus var. Philippine Select,
followed by O. niloticus var. Chitralada and GIFT tilapia.
Year 2 was started in February 1, 2005. One objective of Year 2 was to evaluate
the reproductive performance of the five strains. The results of Year 2 are presented
in Figure 1 in the appendix of the full report. The broodstock used for Year 2 were
purchased at the beginning of the Year 1 project. Due to the extended delays in
Year 1, the broodstock were between 1.5 and 2.5 years old. Thus, the reproductive
performance was lower than would be expected. Nonetheless, the reproductive
trials were carried out due to funding and time considerations in trying to purchase
and mature new broodstock. The end result was that the Oreochromis niloticus
var. Philippine Select, followed by O. niloticus var. Chitralada and GIFT tilapia,
were deemed to be the best varieties, in order of preference.
Other characteristics point to a preference of the GIFT tilapia with respect to
culture preferences by farmers. The GIFT tilapia reach maturity at a later time than
either the Philippine Select or the Chitralada varieties, thus eliminating the need to
attempt mono-sex culture. The major market for tilapia in the ethnic Filipino
community is for a fish no larger than 5 lbs. Males and females of the GIFT can
reach this weight before the onset of maturation and spawning. Federal regulations
under the INAD permit needed to conduct sex-reversal of tilapia in the United
States require a minimum withdrawal period of 120 days after treatment or a
minimum body weight of 350 g before rendering the fish.
One variety used was the Genetically Modified Tilapia (GMT). The GMT males
are modified to have YY chromosomes and, in theory, when bred to normal XX
chromosome females, produce only fish with XY chromosomes, which are normal
males, thus eliminating the need for sex-reversal treatment. Unfortunately, this
technology is not 100% effective. Supposed all-male stocks, used in Year 1 growth
studies, began producing fry after three months in culture. Additionally, GMT
broodstock could not be produced at the Guam facility, since this is proprietary
technology under a patent. It would be necessary to purchase the YY males every
couple of years and would require special consideration by the vendor, since they
normally do not sell their broodstock to outside hatcheries. For these reasons, this
variety was eliminated from consideration after Year 1.
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The control variety consisted of fish out of a commercial tilapia pond. The fish
received were possibly recruits from the fish originally imported to stock that
pond. There was not an abundance of control fish from which to select. The
performance was below that of the other varieties. This low performance has
been one concern expressed by farmers — that the stocks they import are of
unknown quality.
Several farmers, during Year 1, were provided with broodstock in an attempt to
generate interest among existing tilapia farmers. Several farmers also received fry
to stock in ponds before the focus of Year 1 was changed to conduct growout
trials in hapa nets. This activity had a positive impact. Farmers were able to witness
the growth of the fish and do a side-by-side comparison of their imported stocks.
Two large-scale farmers (more than two acres of pond area), and four small-scale
farmers (less than two acres of pond area) made repeated requests for fry.
During Year 2, while the data may not conclusively support the decision on the
two species to retain for commercial expansion, additional anecdotal evidence
from uncontrolled tanks supported the decision to select the Philippine Select and
GIFT fish as the two best varieties for development. As we approached the end of
Year 2 activities, it became evident that there was not sufficient broodstock of the
Philippine Select variety due to mortalities during the project caused by power
failures, equipment malfunctions, or human error. Additional broodstock were
purchased with local government funds from the same source as the original stock;
however, the Philippine Select variety was no longer available. Thus, the project
selected the Chitralada variety and the GIFT fish as its top two candidates for
expansion.
The expansion project, or work toward the Year 3 goal of reaching commercial
production levels, has begun. Although the project contract has not been finalized,
two raceways (~ 250 feet x 8 feet) with and average depth of 4 feet have been
stocked with juveniles of the Chitralada variety in one raceway and the GIFT
variety in the other. In approximately two months, the stocks will be sorted to
achieve a sex ratio of 3:1 (females to males) and a density of 1 fish per m3 .

Improved Stocks and Management Practices for Commercial
Tilapia Culture in Hawaii and the Pacific Region
This project aims to improve the quality and availability of stocks for commercial
tilapia culture in Hawaii. In general, stocks have gone unmanaged for maintenance
of genetic quality, and so have deteriorated to the point of showing suboptimal
growth, survival, and fry production. Also, external sources of stockable fingerlings
are distant, expensive, or unreliable for access. These constraints will be addressed
by demonstrations and practical growth experiments.
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The project period of Year 1 of this project was September 1, 2005 to August 31,
2006. Minor lead work without access to project funds was accomplished before
the formal starting date. The Year 2 project began on September 1, 2006. Thus,
this report therefore covers only one month of the Year 2 project.
Most of the project activities take place at the University of Hawaii at Hilo (UHH)
aquaculture program’s farm facility. During Year 1, we established a tilapia project
working area at the farm, including shared space in the laboratory and greenhouse.
For fish holding and breeding activities, we outfitted four outdoor tanks (5.5 m or
18 ft. in diameter) with shade cloth covers supported by frames of plastic pipe.
We built four floating net pens for use within the tanks for separating groups of
fish.
We obtained a state import permit for juvenile blue tilapia Oreochromis aureus,
imported a stock of juveniles, had them examined and found free of the assessed
diseases by the state aquaculture health management team, and grew them to the
age and size of first reproduction. We submitted and had approved an animal care
protocol to the appropriate University of Hawaii organization (IACUC). Student
assistants from UHH have been hired and trained. Support was established for a
UHH graduate student in the UHH laboratory of project work group member
Cedric Muir, Ph.D. Supplies were ordered in support of the collaborative work
(genetic characterization of fish stocks) with this lab, and for the overall project.
Initial work established methods and markers that are useful for comparison of the
original stock to later generations and to other stocks.
We have divided the stock of O. aureus into three breeding groups for
demonstration of stock maintenance protocols as proposed. All groups have
produced fry, which will be crossbred and assessed for genetic change during
Year 2. Fingerlings will be used for growth comparisons with existing farm stocks
during Year 2, also as proposed. Finally, we have prepared and submitted a permit
application for importation of O. niloticus as proposed.
During the first month of Year 2, we have made arrangements with a farm on the
island of Hawaii to contribute juvenile tilapia from their stock for growth comparison
experiments; this work is to begin in October 2006. Oahu-based work group
member Clyde Tamaru, Ph.D., has arranged a stock for comparison trials on
Oahu. Juveniles from our imported O. aureus stock will be shipped to him from
our UHH facilities when his state permit and facilities are ready. We have renewed
for Year 2 our arrangements with C. Muir’s laboratory at UHH to continue work
to characterize stocks by DNA analysis. We expect to extend and complete further
genetic comparisons. At the time of this report, we are emphasizing growth
comparison trials. We will pursue distribution of small numbers of stock to interested
parties as the project progresses. We will pursue growth comparisons and genetic
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analyses with Nile tilapia O. niloticus when the import permit is granted and a
stock is obtained from out of state.
This project addresses constraints to the industry by making experimental
determinations of the growth potential of selected local stocks compared with one
or more disease-free, permitted imports on a secure UH site. Genetic analyses
will be used to characterize the stocks and provide a baseline for further
comparisons, including detection of changes (if any) in the stocks under breeding
management. The project will develop and transfer information on good management
practices for tilapia breeding and on tilapia culture in general. The project also will
offer modest numbers of fingerlings to the community during the two-year term of
the project, subject to protocols and agreements to avoid interference with markets,
and subject to quarantine and transfer controls with the assistance of the state fish
health management program. Farmers will have access to information from growth
comparisons, stock management protocol, and genetic comparisons of stocks to
facilitate decisions about renewal or expansion of their stocks, ultimately leading
to increased culture success and profitability.
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A Look Ahead at Year 20
Development
The development of the Year 20 program began in December 2005 with a call for
pre-proposals that was based on the priorities identified by farmers and researchers
in the region. The IAC and TC reviewed and selected submitted pre-proposals
that would aid industry development. Out of the record 31 pre-proposals
received in response to the call, CTSA requested that applicants submit 12 full
proposals. The Center’s staff will forward 10 of those proposals to the Board of
Directors for approval in January 2007 as the Year 20 Plan of Work.

Proposals
1. Developing Bivalve Culture to Diversify and Position Hawaii as a Supplier
of Safe, Premium, Edible Shellfish Products
2. Artificially Propagating the Feather-Duster Worm, Sabellastarte spectabilis,
for the Marine Ornamental Trade
3. Inter-institutional Coordination and Preparation of a Guam Aquaculture
Development Plan
4. Kahala Broodstock Management
5. Kahala Parasites and Shrimp Viruses of Concern to Pacific Aquaculture
6. Improving Pearl Quality by Grafting Technologies and Husbandry Methods
for Hatchery-based Black Pearl Industry Development in Pohnpei, the
Federated States of Micronesia
7. Development of a Black Pearl Culture Industry in the RMI — Addressing
Critical Hatchery and Early Nursery Bottlenecks
8. Shrimp Production Demonstration Project and Aquaculture Training for
Industry Stakeholders of the Commonwealth of the Northern Mariana
Islands and Guam
9. Improving Outputs in the Commercial-scale Production of Swordtails, Year 2
10. Development of Captive Culture Technology for the Yellow Tang, Zebrasoma
flavescens
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Review
In July 2006, CTSA began its two-month review process. All proposals were
subjected to peer review by three or more experts in the project topic area.
Proposals were then reviewed by an internal proposal review panel on September 15, 2006. The IAC chair will present the proposals to CTSA’s Board of
Directors for approval on January 23, 2007. CTSA staff will incorporate these
proposals into the Year 20 Plan of Work and will submit this Year 20 Plan of Work
to the U.S. Department of Agriculture Cooperative State Research, Education,
and Extension Service for final approval.
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Progress Reports
Individual summaries of the principal accomplishments of the active projects
during 2006 are presented on the following pages. The reports detail each project’s
funding, participants, objectives, anticipated benefits, progress, work planned, impacts,
and publications. For information and results from projects in previous years, go to the
Annual Accomplishment Report for the correlating year.

Publications, Information, and Library (PRAISE)
[also Publications and Pacific Regional Aquaculture Information Service
for Education (PRAISE) — Publications Component ]

Page 33

Disease Management in Pacific Aquaculture, Years 11 and 12

Page 39

Improving Outputs of Commercial-scale Production of Swordtails
in Hawaii

Page 51

National Aquaculture Extension Conference

Page 59

Optimal Harvesting Strategies for Farmed Fish and Shrimp in Hawaii,
Year 1

Page 63

Feasibility Analysis of Shrimp Waste Processing Alternatives

Page 67

Longfin Amberjack (Seriola rivoliana) Nursery Fingerling Production,
Years 1 and 2

Page 71

Bioprocessing Pacific Island Byproducts for the Production of ValueAdded Feed Ingredients, Year 1

Page 79

Development of Cost-Effective, High-Performance Feeds for Chinese
Catfish (Clarias fuscus)

Page 89

Post-Harvest Handling and Storage of Limu, Year 2

Page 97
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Aquaculture of Marine Invertebrates for the Marine Ornamental Trade,
Year 3

Page 105

Marine Ornamentals Phase II: Mass Culture Techniques for Pygmy
Angelfish and Broodstock Management of Hawaiian Wrasse, Years 1
and 2

Page 117

Pacific Threadfin Fingerling Transport Technology Development, Year 1

Page 131

Alofau Village Coral Farm for a Village-based Industry and as a Tool
for Community Coral Management

Page 143

Intensive Microalgae Production, Year 1

Page 153

Evaluation and Propagation of Tilapia Strains for a Self-Sufficient Tilapia
Industry on Guam, Year 2

Page 165

Improved Stocks and Management Practices for Commercial Tilapia
Culture in Hawaii and the Pacific Region — Hawaii Component, Years 1
and 2
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Publications, Information, and
Library (PRAISE)
also Publications and Pacific Regional Aquaculture Information
Service for Education (PRAISE) — Publications Component

General Information
Reporting Period

April 1, 2005–March 31, 2006; no-cost extension through July 31, 2006
(PIL — Publications Component, final report)
June 1, 2005–May 31, 2006; no-cost extension through September 30, 2006
(PIL — PRAISE Component, final report)
August 1, 2006–September 30, 2006 (Publications and PRAISE — Publications
Component)

Funding Level
Publications

Year
PIL
P&P
TOTAL

Amount
$49,676
$52,510
$102,186

PRAISE

Year
PIL

Amount
$25,000

Participants

Andrew Hashimoto, Ph.D., Dean
College of Tropical Agriculture and Human Resources (CTAHR)
University of Hawaii at Manoa
Kristen Anderson, Reference Librarian
Hamilton Library, University of Hawaii at Manoa
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Cheng-Sheng Lee, Ph.D., Executive Director
Center for Tropical and Subtropical Aquaculture (CTSA), Oceanic Institute
Kathryn Dennis, Publications Specialist
CTSA, CTAHR, University of Hawaii at Manoa
Lois Kiehl-Cain, Assistant
Hamilton Library, University of Hawaii at Manoa

Objectives
Publications
1. Inform educators and industry members of pertinent aquaculture information,
and update them on the status of aquaculture in the region through various
forms of media.
2. Inform the aquaculture community and interested parties of the progress of
CTSA projects in relation to our mission through the dissemination of media
produced by CTSA staff and other groups.

PRAISE
1. Collect data to support the educational series on aquaculture techniques that
UHH faculty is developing.
2. Maintain a listserv for Pacific aquaculture.
3. Continue to provide established services.
4. Technology transfer.

Anticipated Benefits
Publications
Project staff — through CTSA publications and other media —functions as a
nucleus for information exchange between the aquaculture industry and ongoing
research programs by disseminating the results of CTSA projects and other
aquaculture-related information throughout the region.
PRAISE
Farmers, students, and researchers can quickly access information they need to
support their work. Local industry advocates and State employees have utilized
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PRAISE to gather supporting documentation and research assistance to facilitate
the permitting system for aquaculture. PRAISE staff provides educational support
and teaching to increase information literacy. Thus, PRAISE directly affects the
aquaculture industry at many levels.

Work Progress and Principal Accomplishments
Publications
Objective 1: Inform educators and industry members of pertinent
aquaculture information, and update them on the status of
aquaculture in the region through various forms of media.
During the first project period, four issues of CTSA’s quarterly newsletter Regional
Notes were published, including the double issue September/December 2005 as
well as the June 2005, March 2006, and June 2006 issues. The newsletter was
distributed to a subscriber list of more than 1,100 and to a total audience of nearly
1,300 throughout our region, in Washington, D.C., and in a diverse array of foreign
lands from Nigeria, Italy, and Mexico to the South Pacific. Under the “PRAISE
and Publications” project, the September 2006 issue of the newsletter was
published.
Throughout the “Publications, Information, and Library” project, Regional Notes
articles covered expansion of research and industry aquaculture activity in Hilo,
Hawaii, a new shrimp farm in Saipan, Hawaiian Aquaculture Association
conferences and meetings, the launch of Kona Blue Water Farms as Hawaii’s
second offshore aquaculture operation, the goals of new veterinarian at the state’s
Aquaculture Development Program, pearl oyster training and farms in Pohnpei
and the Marshall Islands, the Marine Aquaculture Task Force meeting hosted by
the Oceanic Institute, the ambitious growth plans of Kona Bay Marine Resources,
American Samoa’s new extension agent, and many others. Starting with the
September/December 2005 issue, the newsletter added a new “Around the Pacific”
column that provides updates on industry and research activity throughout the
CTSA region, with an emphasis on the U.S.-affiliated Pacific Islands.
The September 2006 issue reported on lessons learned and new species
breakthroughs by seahorse farm Ocean Rider, an overview of loans available to
aquaculture operations through NOAA’s Fisheries Finance Program, a trip to
Thailand taken by aquaculturists from Guam to study the secrets of the nation’s
commercial aquaculture success, and other topics.
This project also acquired and disseminated Aquaculture Status Updates mostly
from members of our Industry Advisory Council on eight specialty areas and seven
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regions. Other activities that helped achieve this objective include updates to the
CTSA web site, www.ctsa.org. Also, the project team led efforts to develop,
design, and print 3,000 copies of the “Farming Our Waters” brochure to inform a
variety of potential audiences about aquaculture and the USDA/CSREES Regional
Aquaculture Center program.
Objective 2: Inform the aquaculture community and interested
parties of the progress of CTSA’s projects in relation to our
mission through the dissemination of media produced by CTSA
staff and other groups.
Articles published in the Regional Notes newsletter updated readers about project
results. Technical AquaTips articles included: Comparison of simple land-based
rearing techniques with traditional lagoon-based nursery methods for black-lip
pearl oyster spat; Vaccine development against Cryptocaryon irritans — a
progress report; Developing techniques for the artificial propagation of the featherduster worm (Sabellastarte spectabilis) in Hawaii; Limu after harvest: maintaining
the quality and extending the shelf life of seaweed species (Gracileria spp.) popular
in Hawaii. Other stories covered that status of CTSA-funded research, such as
the culture of flame angelfish (Centropyge loriculus) at the Oceanic Institute.
During the “PRAISE and Publications” project, the newsletter published an
AquaTips article on efforts to develop a coral farm in American Samoa via the
CTSA project titled, “Alofau Village Coral Reef Farm for Village-based Industry
and Community Coral Reef Management.”
The project team participated in editing and formatting one publication, CTSA
Publication No. 152, Feasibility of Direct Marketing Hawaii’s Cultured
Freshwater Ornamentals, which is available on our Web site (www.ctsa.org)
and in printed form as a 20-page Aquafarmer Information Sheet. Also, project
staff completed the 2005 Annual Accomplishment Report and the Year 19 Plan of
Work and assisted in the development of the Year 20 Plan of Work.
Project staff responded to requests from throughout the CTSA region and the
continental U.S. for CTSA publications and manuals. They also acted on regional
requests for publications published by other RACs.
PRAISE
Objective 1: Collect data to support the educational series on
aquaculture techniques being developed by UHH faculty.
Data has been collected and was submitted to the University of Hawaii at Hilo
faculty as they request it.
Objective 2. Maintain a listserv for Pacific aquaculture.
The listserv was created and is being maintained. Very few people have subscribed
to the listserv, and traffic is slow. It was advertised on the Web site, but, perhaps,
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there should be a discussion on how to proceed with this or how it might best be
utilized. Mailing lists to serve CTSA’s IAC and TC committees were established
and are monitored by the PI.
Objective 3: Continue to provide established services.
The PRAISE staff continues to offer established services. The PRAISE assistant
has kept the PRAISE Web site up-to-date with the latest industry news and
employment information. The “Find-it-yourself” section has been expanded, and
we are now working to make it more user friendly. We continue to fill search
requests and document delivery to the U.S.-affiliated Pacific Islands; the impacts
are explained in the following section. The PI and the Agriculture Development in
the American Pacific (ADAP) librarian work closely with librarians in the Pacific
region to promote services and education. Between the two librarians, there is at
least one site visit to the Pacific every year. We continue to support development
of affordable resource sharing within the region.
Objective 4: Technology transfer.
The PRAISE staff is investigating how to build resources that would benefit the
region and looking for content that is in demand. As part of the Gray Literature
project, we continue to pursue copyright clearance for documents already listed.
The staff started scanning titles from the bibliography, which will be posted on the
Web and linked through the PRAISE site.

Work Planned
Publications
The staff will continue to produce quarterly issues of Regional Notes, to maintain
the CTSA Web site, and to improve the depth and breadth of its information
services. The team will also complete the 2006 Annual Accomplishment Report
and the Year 20 Plan of Work. Staff will work with researchers to produce CTSA
publications, at lease one of which was under discussion during the reporting period.
PRAISE
Two bodies of information would prove valuable for the regional community if
they were available electronically. They are the papers of the University of Hawaii’s
Marine Option Program and documents pertaining to Hawaiian fishponds.
Digitization of these papers would be a great contribution to the research world,
and we hope future projects can pursue this work — along with providing established
resources.
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Impacts
Publications
This project has helped to disseminate aquaculture research results and information
throughout the region to enhance viable and profitable U.S. aquaculture production
to benefit consumers, producers, service industries, and, ultimately, the American
economy.
PRAISE
The dollar value of the PRAISE service is staggering. Based on rates one would
pay to the information industry’s major suppliers (Dialog Information Service Inc.
for access to ASFA, plus document delivery charges based on the average cost
per article from Ingenta Inc.) the dollar value for our primary service may be
presented as follows:
19,670 queries averaging 3 minutes each:
983.5 hours online @ $80/hr. =
$ 78,680
1207 articles @ $24.00 ea. =
$ 28,968
Total
$107,648
In replying to 552 requests for direct assistance, the project team e-mailed 2,632
queries to PRAISE patrons. The 1,207 articles represent 15,892 pages delivered
almost exclusively by e-mail. In addition, the staff responded to 127 miscellaneous
requests. The PRAISE Web site is a bonus. It allows users to make requests
online, publicizes research being done in the Pacific via the Gray Literature
Bibliography, and gives local vendors a venue to advertise themselves to the world.

Publications in Print, Manuscripts, and Papers
Presented
Anderson, Kristen L. 2005. Searching Secrets for Pacific Librarians. Presentation
given at PREL In-Service Training, an immersion training program for Pacific
library employees sponsored by Pacific Resources for Education and Learning,
June 27, Honolulu.
———. 2005. PRAISE Secrets for Pacific Librarians. Presentation given at the
meeting of the Pacific Islands Association of Libraries, Archives and Museums
(PIALA), November 7–10, in Kosrae, Federated States of Micronesia.
Kam, Lotus E., PingSun Leung, and Clyde S. Tamaru. 2005. Aquafarmer
Information Sheet #152: Feasibility of Direct Marketing Hawaii’s Cultured
Freshwater Ornamentals. Honolulu: Center for Tropical and Subtropical
Aquaculture.
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in Pacific Aquaculture,
Years 11 and 12
General Information
Reporting Period

December 1, 2004–November 30, 2005 (Year 11 — M-Brock/OI Component,
final report)
August 1, 2005–June 30, 2006 (Year 11 — HIMB Component, final report)
February 1, 2006–September 30, 2006 (Year 12 — OI/M-Brock Component)
July 1, 2006–September 30, 2006 (Year 12 — HIMB and OI/Laidley
Components)

Funding Level

Year
1
2
3
4
5
6

Participants
Years 11 and 12

Amount
$41,638
$63,725
$45,956
$44,030
$66,451
$51,934

Year
Amount
7
$81,991
8
$67,902
9
$89,529
10
$88,346
11
$100,000
12
$100,000
TOTAL $841,502

Teresa D. Lewis, Ph.D., Assistant Researcher
Hawaii Institute of Marine Biology (HIMB), University of Hawaii at Manoa
Ichiro Misumi, Ph.D., Student in Microbiology
Hawaii Institute of Marine Biology, University of Hawaii at Manoa
Dee Montgomery-Brock, Aquatic Health Specialist
Aquaculture Development Program, Hawaii Department of Agriculture, through
December 2005; presently contracted to Oceanic Institute
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Year 12 only

Charles W. Laidley, Ph.D., Director
Finfish Department, Oceanic Institute
Chad Callan, Research Associate
Finfish Department, Oceanic Institute

Objectives
Year 11
1. Generate Cryptocaryon irritans expression libraries and initiate
immunization/challenge trials in Pacific threadfin (moi). (The final objective
in this project will be performed in Year 12: Identify and characterize
antigens in the efficacious vaccine fractions, and characterize the antibody
response in moi against C. irritans).
2. Identify the etiologic agent resulting in high mortality of juvenile Chinese
catfish (Clarias fuscus).
3. Establish continuous cell lines for three fish species, longfin amberjack
(Seriola rivoliana), flame angelfish (Centropyge loriculus), and the
Chinese catfish (Clarias fuscus) for viral and rickettsial disease diagnostics
in cultured and wild populations of fish.
4. Provide on-site workshops with individual aquaculture farmers in the area,
examining water quality and general fish health.
Year 12
1. Identify and characterize antigens in the efficacious vaccine fractions, and
characterize the antibody response in moi against C. irritans.
2. Establish a continuous cell line from grouper (Epinephelus lanceolatus)
and barramundi (Lates calcarifer) for viral and rickettsial disease
diagnostics.
3. Establish a pathogen screening program for companies that routinely import
and breed freshwater ornamentals. (We propose to study the types of
pathogens introduced into Hawaiian ornamental fish facilities from imported
fish.)
4. Evaluate the efficacy of cleaner fish as a non-chemical method to control
ectoparasite levels in marine broodstock populations.
5. Technology transfer of project results.
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Anticipated Benefits
Since C. irritans is extremely problematic for many saltwater fish species, the
development of a vaccine that is protective against this parasite will greatly benefit
marine aquaculture. Currently, the only way to treat fish is by chemical treatment,
freshwater dips (for certain tolerant species), and time-consuming tank treatment
and rotation. Once we identify which proteins produced by the parasite are the
most immunogenic, we will strive to produce a vaccine that is inexpensive and
easy to administer (i.e., immersion vaccine).
Few cell lines currently are available that will support the growth of fish viruses
specific for Pacific aquaculture species. Establishment of cell lines for amberjack,
flame angels, and Chinese catfish will greatly increase the disease surveillance/
diagnostic capability for these species.
System/stock assessments provided Ms. Montgomery-Brock give an individualized
study of each aquaculture system. These studies benefit farmers more than group
workshops, as individual issues and concerns can be addressed at the time of
each site visit.

Work Progress and Principal Accomplishments
Year 11
Objective 1: Generate Cryptocaryon irritans expression libraries
and initiate immunization/challenge trials in Pacific threadfin (moi).
It was determined that the free-swimming form of the parasite (theront) is the most
immunogenic stage of the parasite and, therefore, the best one suited for development
of expression libraries. This form of the parasite possesses cilia, and cilia facilitate
establishment of infection on the surfaces of fish. Parasites move across fish surfaces
actively feeding and eventually embed themselves into a fish’s surface, forming a
trophont. Using an immobilization assay originally developed for Ichthyopthirius
multifiliis, we confirmed that serum (containing antibodies) from control fish do
not immobilize C. irritans theronts, while serum from fish that were infected and
then resolved the infection actually inhibit ciliary motion of the parasite (Figure 1).
The fish immunized with theronts are still protected against re-infection with C.
irritans 12 months later (periodic challenges are ongoing).
Of interest, immobilization assays using parasites hatched at different times in the
laboratory reveal variation in the immobilization antibody response from vaccinated
fish. Following what has been reported for I. multifiliis, this variation suggests
that C. irritans possesses different serotypes, and we will need to study this
further in the final year of the project. For initial experiments, tilapia were used
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(rather than moi) as they are easily spawned and reared in freshwater at HIMB
and can be acclimated to seawater immediately prior to use in C. irritans
experiments. This method ensures the fish are naïve to prior exposure to the
parasite. This aspect of our work is critical in the initial phases of our experiments,
as prior exposure to the parasite may influence the results of immunization and
challenge trials.
In the summer of 2005, two summer interns (sponsored by a UH-Manoa Marine
Science Undergraduate Research Fellowship and a Howard Hughes Medical
Institute Undergraduate Fellowship) assisted with the project, and the project
was split along two separate tracks. The expression library construction was
undertaken a third (and final) time by one student, and the other student was
assigned to work with the graduate student on the project, Mr. Misumi, to identify
any C. irritans proteins that were reactive with antibodies from immunized fish.
The expression library construction was unsuccessful, and we believe this DNA
approach may have failed due to the unique codon usage that occurs in ciliates.
We have abandoned this approach but continue with vaccine development, as we
were able to identify an immunogenic parasite protein using the more traditional
method described below.
To identify possible immobilization antigens (i-antigens) from the parasite,
Cryptocaryon theronts were sonicated in a buffer containing protease inhibitors
and then assayed for total protein concentration. In other ciliates, both free living
and parasitic, i-antigens have been identified ranging from 30-60 kilodalton (kD).
We hoped to identify one or more i-antigens from C. irritans in this same range.
The proteins were separated electrophoretically on a gel (by molecular weight)
and then transferred to a PVDF membrane. Immunoblotting was performed to
see which protein(s) fish antibodies recognized and whether this protein was found
in samples from both immunized fish and control fish. A 30-kD molecular weight
protein was observed to be immunoreactive with fish antibodies from the immunized
fish and not recognized by fish antibodies in the control fish (Figure 3).
After the immunogenic protein was identified, additional samples of C. irritans
proteins were separated 10% acrylamide gels and stained with Coomassie blue to
identify the 30-kD protein. This band was excised (multiple copies) and sent for
sequence analysis by LC MS/MS. This method varies from the more traditional
N- or C-terminal protein sequencing method as the purified protein is digested
into small fragments and the sequences of these smaller fragments are obtained
using an LC MS/MS instrument (that couples liquid phase chromatography with
mass spectrometry). All fragment sequences are then electronically compared with
archived sequences from various databases to possibly identify the purified protein.
Unfortunately, the 30-kD protein we sent for sequencing was determined to be
unique. This may be interpreted in one of two ways: (1) The protein sequence
obtained is truly unique from other proteins, or (2) more likely, there are not yet
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enough archived sequences from ciliated organisms to have compiled a
comprehensive database for comparative analyses.
At the writing of this final report, we are purifying more of the 30-kD protein for
N-terminal sequencing and for a vaccine trial with moi. The HIMB wetlab facility
is going to be renovated to a completely recirculating system, and the vaccine trial
will be initiated once this renovation is complete.
Objective 2: Identify the etiologic agent resulting in high mortality
of juvenile Chinese catfish (Clarias fuscus).
Numerous site visits were made to the facility where this disease was previously
responsible for high mortality among catfish populations. However, we were not
able to find fish displaying clinical signs of this disease. Some fish from the facility
were sacrificed in the hopes of detecting the agent for this disease. However, all
were negative by gross exam, histopathology, and bacteriology.
Objective 3: Establish continuous cell lines for three fish species,
longfin amberjack (Seriola rivoliana), flame angelfish (Centropyge
loriculus), and the Chinese catfish (Clarias fuscus) for viral and
rickettsial disease diagnostics in cultured and wild populations of
fish.
A number of primary cell lines were initiated from amberjack, flame angel, and
Chinese catfish fibroblasts, but none of these lines transformed into continuous
(immortalized) cell lines. This work will continue into the next funding cycle (with
no additional funding requested for work with these species) and transfections will
be performed to produce immortalized cells since natural in vitro selection of
transformed cells did not occur during this year’s tissue culture experiments.
Objective 4. Provide on-site workshops with individual
aquaculture farmers in the area, examining water quality and
general fish health.
Summary of CTSA/ site visits conducted in 2005
Number of aquaculture sitesvisited: 8
Number of water quality tests conducted: 272
Number of wet mount microscopic exams: 68
•
•
•
•

Of the eight sites visited, four of them are on the island of Hawaii.
Four of the sites visited were in the business of culturing ornamental
fish.
Three of the sites visited were in the business of raising fish for human
consumption.
One of the sites visited is in the business of raising crawfish for human
consumption.
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Year 12
Objective 1. Identify and characterize antigens in the efficacious
vaccine fractions, and characterize the antibody response in moi
against C. irritans.
By the end of Year 11 “Disease Management” funding, a 30-kilodalton (kDa)
parasite protein was identified as being immunogenic. This protein was isolated
and sent for protein sequence analysis by LC MS/MS. This method varies from
the more traditional N- or C-terminal protein sequencing method, as the purified
protein is digested into small fragments and the sequences of these smaller fragments
are obtained using an LC MS/MS instrument that couples liquid phase
chromatography with mass spectrometry. All fragment sequences were
electronically compared with archived sequences from various databases.
Unfortunately, the 30-kDa protein we sent for sequencing was determined to be
unique. This result may be interpreted in one of two ways: (1) The protein sequence
obtained is truly unique from other proteins, or (2) more likely, there are not yet
enough archived sequences from ciliated organisms to have compiled a
comprehensive database for comparative analyses.
Most recently, fish have been immunized with one of four purified parasite proteins
(19, 30, 34, or 40 kDa) or phosphate buffered saline (PBS) as a control. Serum
will be obtained in early November (six weeks post injection). Fish will receive a
secondary immunization or be directly challenged with C. irritans (dependent
upon C. irritans antibody titer) by mid-November. This trial is being done with
tilapia, since this fish can be reared completely in freshwater and then acclimated
to seawater prior to vaccination trials. In this fashion, we can ensure that fish are
completely naïve to exposure to C. irritans infection. It is anticipated that either
(1) one protein may prove more effective as a vaccine than another or (2) these
proteins, used in combination, might provide a synergistic immune response in
fish. At this point, we are waiting to challenge the fish and test the effectiveness of
these individual parasite proteins as vaccine candidates.
Objective 2. Establish continuous cell lines for grouper
(Epinephelus lanceolatus) and barramundi (Lates calcarifer) for
viral and rickettsial disease diagnostics.
A number of primary cell lines were initiated from amberjack, flame angel, and
Chinese catfish under Year 11 funding, but none of these lines transformed into
continuous (immortalized) cell lines. We will continue work with those first three
species and with grouper and barramundi (the two species listed above for cell
line development in the Year 12 funding cycle). Also, additional in vitro manipulation
of cells will be performed since natural in vitro selection of transformed cells did
not occur. Initiation of new tissue culture experiments will be initiated in late
November.
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Objective 3. Establish a pathogen screening program for
companies that routinely import and breed freshwater
ornamentals. (We propose to study the types of pathogens
introduced into Hawaiian ornamental fish facilities from imported
fish.)
As of this date, a total of 527 imported freshwater ornamental fish have been
examined for the presence of parasites. The 527 specimens were from 19 different
species of fish. The work plan called for the examination of the gills, skin, intestine,
kidney, liver, spleen, gall bladders, muscle, and brain of each fish. In summary,
parasites were observed only on the skin, gills, and in the intestine. No parasites
were observed in the other organs or muscles. Ciliates and monogenean trematodes
were observed microscopically on the skin of seven species of fish. There were a
total of eight cases where ciliates, flagellates, digenean and monogenean trematodes
were observed microscopically on the gills of fish. Flagellates and nematodes
were observed in the intestine of two species of fish. The results from these exams
are listed in Table 1 in the Appendices section.
Objective 4. Evaluate the efficacy of cleaner fish as a non-chemical
method to control ectoparasite levels in marine broodstock
populations.
Specimens of Hawaiian cleaner wrasse (Labroides phthirophagus) are currently
being obtained through local collectors and are being evaluated for adaptability to
culture tank conditions. Fish will be initially acclimated in 5,000-L flow-through
tank systems provided with artificial cleaner stations made from 2-inch PVC pipe
to familiarize them with the artificial structure. Fish will be provided chopped fish
and shrimp and a feed source during the acclimation period.
After a suitable acclimation period, either single or small groups of cleaner wrasses
will be introduced to broodstock tanks for preliminary method evaluation. Further
work will focus on one of the two species, based on availability and initial
performance. Due to the limited scope of the project, a single experiment will be
conducted with yellow tang and multiple observational trials will be established for
larger food fish species, including longfin amberjack, red snapper, and Pacific
threadfin.
The yellow tang trial, commencing shortly, will consist of recruiting approximately
108 broodstock-sized fish from wild collectors and allocation into nine 5-m3
broodstock tanks equipped with observation windows. Tanks will be divided
evenly into three treatment groups, including three control tanks with no treatment,
three tanks where fish receive the standard freshwater dip and hydrogen peroxide
(3 treatments at 100 ppm), and three tanks with pre-acclimated cleaner wrasses
(numbers dependent upon initial observations). Tanks will receive casual
observations for the appearance of “cleaning” behavior for a period of one month,
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after which fish from each tank will be examined under anesthesia for external
parasites.
Objective 5. Technology transfer of project results.
Project progress toward development of a C. irritans vaccine will be provided in
a series of seminars presented by Teresa Lewis and in a series of manuscripts that
will be submitted at the end of the project. The experiments in Objective 1 comprise
the dissertation experiments of doctoral candidate Ichiro Misumi. It is anticipated
that he will defend his dissertation by the end of 2007 and will acknowledge
CTSA’s support in all publications and presentations relating to this project.
The data collected during the study of health of freshwater ornamentals on local
farms will be distributed in a CTSA Regional Notes at the conclusion of the Year
12 work.
Results from the cleaner wraasse studies will be disseminated by way of CTSA’s
Regional Notes and video footage used in conference presentations at Hawaii
Aquaculture Association and World Aquaculture Society meetings.

Work Planned
We have concluded the second year of vaccine development, focusing on the
objective outlined in the Disease Management in Pacific Aquaculture, Year 11
proposal. Four purified parasite proteins have been used to initiate a vaccine trial
using tilapia. Fish will receive a secondary immunization or be directly challenged
with C. irritans (dependent upon C. irritans antibody titer) by mid-November.
We will follow up with additional protein sequence analysis once we have
determined which of the purified proteins is a suitable vaccine candidate. This
discovery will allow us to design primers and start work on cloning individual
cDNAs to produce a recombinant protein suitable for use as a subunit vaccine,
and it will determine the most effective delivery method at that time.
Development of cell lines will continue throughout the rest of the Year 12 project
period. Initiation of new tissue culture experiments will be initiated in late November.
Trials with yellow tang to test the effectiveness of cleaner wrasse as a non-chemical
method to control ecotparasite levels in marine fish broodstock populations will
begin soon. If cleaning activity is apparent in the yellow tang trial, larger broodstock
tanks containing amberjack broodstock will then be stocked with cleaner stations
and observed for establishment of cleaning activities involved with removal of
ectoparasites and other foreign materials from hosts. Digital video will be used to
help document and describe cleaning behavior without interruption by researchers.
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If initial results look promising, cleaner stations will be added to all broodstock
tanks for long-term evaluation.
If onshore trials are successful, several stations will also be tested in an offshore
cage environment. Cleaner stations will be constructed and attached either to the
inside of a net or to a central spar. In observations by Cates International Inc.,
divers will be used and underwater video footage taken if cage fish appear
responsive to the adoption of cleaner stations in the offshore cage environment.

Impacts
Development of an effective vaccine will be beneficial to both food and ornamental
finfish trades by limiting the losses that traditionally occur due to Cryptocaryon in
cultured fish populations. Tracking data about the types of parasites being imported
into the state on imported fish allows us to monitor potential introductions of new
pathogens in these fish.
In terms of financial impact from the on-site stock/system assessments in Year 11,
about $8,000 was saved by a local producer during an outbreak of an ectoparasite
disease detected while conducting clownfish health exams as part of a CTSAfunded site visit (Dollar figure supplied by owner and is based on the fact that
there was a high mortality previous to treatment and zero mortality post-treatment).
Currently, the main diagnostic cell lines used for fish virus diagnostics are derived
from carp and salmon. Viruses that thrive in other species often cannot be cultured
in these cell lines. Therefore, development of cell lines for other locally important
aquaculture species will greatly enhance our ability to diagnose viral pathogens.
Finally, if the cleaner wrasse parasite management protocol results in an effective
alternative to current methods of parasite control, the result could be the freeing
up of a significant amount of labor and supply costs currently dedicated to parasite
control in cultured fish.

Publications in Print, Manuscripts, and Papers
Presented
Misumi, I. J. L. Keffer, and T. D. Lewis. 2006. AquaTips: Vaccine development
against Cryptocaryon irritans — a progress report. Center for Tropical and
Subtropical Aquaculture Regional Notes 16(4):4–5,10.
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Montgomery-Brock, D., C. S. Tamaru. 2005. Weighing the risks of imported
commodity shrimp to Hawaii’s SPF shrimp industry. USMSFP Industry Briefs
11(2):3.
Keffer, J., I. Misumi, T. D. Lewis. 2006. Isolation and identification of the proteins
of Cryptocaryon irritans responsible for soliciting the immune response in
fish. Paper presented at the Ocean Sciences Meeting — a joint meeting of
The American Society of Limnology and Oceanography (ASLO), Estuarine
Research Federation (ERF), The Oceanography Society (TOS), and American
Geophysical Union (AGU), February 20–24, in Honolulu.
Lewis, T. D. 2006. Vaccine development for use in Hawaiian aquaculture.
Presentation made as an invited seminar held by the Department of Human
Nutrition, Food, and Animal Sciences, of the college of Tropical Agriculture
and Human Resources, University of Hawaii at Manoa, May 1, in Honolulu.
Misumi, I., T. D. Lewis, and J. C. Leong. 2006. Immune response of fish to
saltwater ich, Cryptocaryon irritans, and identification of an antigenic protein.
Presentation made at the meeting of the Hawaii chapter of the American Society
of Microbiology, April 22, in Honolulu.
———. 2006. Immune response of fish against Cryptocaryon irritans and
identification of an antigenic parasite protein. Paper presented at the 10th
Congress of the International Society for Developmental and Comparative
Immunology, July 1-6, in Charleston, South Carolina.
———. 2006. Immune response of fish against Cryptocaryon irritans and
identification of immunogenic parasite proteins. Presentation given at Tokyo
University of Marine Science and Technology, September 13, in Tokyo, Japan.
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FIGURE 1. In the five
control samples, none of
the fish were capable of
immobilizing the parasite. For the five groups
immunized against C.
irritans, an overall average of 97% of theronts
was immobilized. If a
parasite cannot move
freely with ciliary action,
then it cannot establish
an infection on the skin
surface or gills of fish.
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FIGURE 2. Note the
differences in cilia
between the (A) freeswimming theront and the
(B) immobilized theront.
These C. irritans theronts
were co-incubated with
tilapia serum from (A)
control fish that have
never been exposed to C.
irritans and from (B) fish
who have recovered from
a previous C. irritans infection, resulting in clumping
of the cilia and immobilization of parasite.
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FIGURE 3. Immunoblot (A) of C. irritans proteins when incubated with fish
serum from an immunized fish. The left lane of the membrane contains a dualcolor, pre-stained, broad-range protein standard. Approximate sizes (kD) of the
protein bands are labeled at left. The lane adjacent to the molecular weight
standard contains the non-reduced proteins of C. irritans with a prominent band
reactive at about 30 kD (arrow). Immunoblot (B) of C. irritans proteins when
incubated with fish serum from a freshwater (control) fish. The 30-kD band seen
in A is not recognized by antibodies in B, the sample from a control fish.
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Table 1.
Species

Common Name

Country of origin

Gobiodes

Dragon goby

Ecuador

Labeo frenatus

Rainbow

Thailand

Poecilia reticulata

Male guppy

Sri lanka

Xiphophorus
maculatus

Platy

Malaysia

Pterophyllum scalare

Angelfish

Singapore

Botia macrocantha

Clown loach

Malaysia

Intestine

Skin

Gills

Chilodonella

Chilodonella

No parasites

No parasites

Ichthyobodo/
Digenean trematode

No parasites

No parasites

No parasites

No parasites

No parasites

No parasites

No parasites

No parasites

No parasites

No parasites

Trichodina

Trichodina/
Dactylogyrus

Hexamita

No parasites

No parasites

No parasites

No parasites

No parasites

No parasites

Ichthyobodo/
Gyrodactylus

Dactylogyrus

No parasites

No parasites

Digenean trematode

No parasites

Trichodina

Gyrodactylus
Digenean trematode

No parasites

albino shark

(Wild caught)

Paracheirodon innesi

Neon tetra

Hong Kong

Poecilia latipina

Black molly

Singapore

Tetraodon fluviatilis

Green puffer

Labeo frenatus

Rainbow albino
shark

Taiwan

Astronotus ocellatus

Oscar

Thailand

Poecilia sphenops

Lyretail molly

Malaysia

No parasites

No parasites

No parasites

Female guppy

Sri Lanka

No parasites

No parasites

No parasites

Male guppy

Singapore

No parasites

No parasites

No parasites

Painted Tiger barbs

Indonesia

No parasites

No parasites

No parasites

Platy

Singapore

No parasites

No parasites

No parasites

maculatus
Carassius auratus

Shubunkin

USA

No parasites

No parasites

No parasites

Trichopsis pumilis

Sparkling gourami

Indonesia

No parasites

Trichodina

Nematodes

Colisa lalila

Neon gourami

(wild caught)
Malaysia

No parasites

No parasites

No parasites

Poecilia sphenops

Lyretail molly

Malaysia

No parasites

No parasites

No parasites

Labidochromis
caeruleus
Poecilia latipinna

Electric yellow

Taiwan
Singapore

Ichthyophthirius
multifiliis
No parasites

No parasites

Sailfin molly

Carassius auratus

Gold fish

China

Ichthyophthirius
multifiliis
Trichodina/
Gyrodactylus
Gyrodactylus

No parasites

No parasites

Poecilia reticulata

Poecilia reticulata
Capoeta tetrazona
Xiphophorus

Vietnam
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Improving Outputs
of Commercial-scale Production
of Swordtails in Hawaii
General Information
Reporting Period

September 1, 2006–September 30, 2006

Funding Level

$70,000

Participants

Clyde S. Tamaru, Ph.D., Extension Specialist
Sea Grant College Program, University of Hawaii at Manoa
Kathleen McGovern-Hopkins, Extension Agent
Sea Grant College Program, University of Hawaii at Manoa
James P. Szyper, Ph.D., Extension Specialist
Sea Grant College Program, University of Hawaii at Manoa
Bob Kern
Tropical Fish Ponds of Hawaii

Objectives
1.
2.
3.
4.

Improve overall production of swordtails statewide.
Test and validate production techniques for all female swordtail individuals.
Establish two additional varieties of homozygous lyretail strains.
Technology transfer in the form of on-farm testing, workshops, technical
handouts, and newsletter articles.
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Anticipated Benefits
•
•
•
•
•

An overall improvement in swordtail production of 25% statewide.
A 5% increase in overall net profit for each collaborating farm’s swordtail
enterprise.
Establishment of a minimum of four varieties of homozygous lyretail populations.
Production of all-female homozygous lyretail populations for distribution to
farms.
Transfer of homozygous lyretail production technology to participating farms.

Work Progress and Principal Accomplishments
Objective 1: Improve overall production of swordtails statewide.
Our initial focus on swordtail production will focus on the seven farms that
responded to the survey conducted by Kam et al. (2005):
Stephen Hopkins
Rain Garden Ornamentals
49-041 Kamehameha Hwy., Kaneohe, HI 96744
(808) 294-3973; raingarden@hawaii.rr.com
Bob Kern
Tropical Ponds of Hawaii
P.O. Box 1750, Keaau, HI 96749
(808) 982-9052; kern@ilhawaii.net
Fred Morita
1259 Rycroft Street , Honolulu, HI 96814
Greg Payne
Leisure Time
P.O. Box 232, Hilo HI 96721
mcpltlcc@hawaii.rr.com
Rick Spencer
Hawaiian Marine Enterprises
P.O. Box 301, Kahuku, HI 96731
(808) 293-1230; fax: (808) 293-0059; limu@lava.net
Harvey Maeda
3322 Eono St., Lihue, HI 96766
(808) 245-6523; harveyskoi@juno.com
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Jason Akamine
(808) 455-8059; jsakamine@msn.com
The project has just started and communications with Steve Hopkins, Bob Kern
and Jason Akamine have been made. Work with the remaining farms are to be
conducted during the next reporting period. Approximately 800 common black
swordtails have been shipped to Tropical Fish Ponds of Hawaii (TPH) to augment
its current inventory. An additional shipment of common redwag swordtails is
being planned to provide a mixing of the farm’s current redwag population in
order to turn improve overall output with that strain. Progeny from black and
marigold lyretail swordtails are being collected at monthly intervals and are to be
distributed to Rain Gardens, TPH and Jason Akamine. After contact has been
established with the remaining four farms, a distribution plan of lyretail/common
fry is to be made during the next reporting period.
Objective 2: Test and validate production techniques for all female
swordtail individuals.
The current CTSA-supported project is being conducted in conjunction with another
USDA-supported project titled, “Hawaii Aquaculture Grant: Multi-Cropping
Strategies for Aquaculture in Hawaii: A Collaborative Approach to Aquaculture
Research and Extension at the University of Hawaii.” That project includes support
for a graduate student, Masaki Nasu, under the mentorship of Dulal Borthakur,
Ph.D. of the Department of Molecular Bioscience and Bioengineering in the College
of Tropical Agriculture and Human Resources. The most promising result in the
development of a gene marker for the homozygous lyretail genotype is summarized
in Figure 1. At present, the marker 229 bp fragment can clearly distinguish the
recessive (e.g., common swordtail) allele and can distinguish the homozygous
individual from all others by the lack of a band. To date, all of the homozygous
lyretail production has been geared to validate the inheritance of the lyretail gene
and more recently has been used to develop the gene marker that, if successful,
will eliminate the need to conduct progeny testing.
Currently, the majority of the facilities at the Windward Community College (WCC)
are being used to conduct a double blind test where a potential gene marker for
the lyretail trait is being verified. This testing consists of fin clipping progeny from a
brood that resulted from two separate crosses. The first cross is from a known
homozygous female and a heterozygous lyretail male. The expected genotypic
ratio is 1:1 homozygous:heterozygous individuals. The fin clips have already been
assayed for the presence or absence of the lyretail trait, and progeny testing is
being used to confirm which individuals are homozygous and which are
heterozygous. A second double blind test has also been initiated where a
heterozygous male and female lyretails have been artificially inseminated and the
brood from that clutch has been fin clipped and is awaiting analysis. Progeny
testing was initiated during the reporting period, as it takes several months to

December 2006 n 53

Nineteenth Annual Accomplishment Report

obtain progeny and grow them out to the point where they can be scored. In this
instance, the expected homozygous:heterozygous genotype ratio is 1:3.
A second study that has also improved the likelihood of success has been obtained
by Lei Yamasaki, a graduate student with the College of Tropical Agriculture and
Human Resources, Department of Animal Science and Human Nutrition. Her
attempt at feminizing a population of swordtails using estrogen treatment has been
successful and consistent with what has been reported previously in the literature
(Figure 2). However, what is also needed is the confirmation that the feminized
individuals would indeed be fertile if this technology was to be used in a commercial
setting.
Ms. Yamasaki is currently summarizing her progeny testing results for her thesis,
and another piece of encouraging information has been recently obtained. A total
of 20 swordtail individuals that had undergone estrogen treatment were mated
with common male swordtails and placed into separate baskets. Production of
offspring would be an indication that the estrogen therapy does not impact the
reproductive capacity of normal and/or feminized females; and if all of the treated
individuals produced progeny, then it would be conclusive evidence that the
feminizing process results in fertile females. The observed ratio of males to females
in the control groups was 1M:3F (e.g., 25% males). Using that ratio, we can
calculate the expected number of individuals to not produce progeny if the
feminization process did not result in fertile feminized females (e.g., five individuals).
What was observed was that all 20 individuals produced fry indicating that the
treated females were not impacted by the treatment and feminized females are
indeed fertile (Chi Square = 5.71, p < 0.025). This finding is a new one, and she
will be summarizing the results of her work in partial fulfillment of her master’s
degree in Animal Science and in a publication in a peer reviewed journal.
Objective 3: Establish two additional varieties of homozygous
lyretail strains.
No progress to date, as the project has just started. Currently, only homozygous
lyretail individuals of the black and marigold varieties have been identified at WCC.
Objective 4: Technology transfer in the form of on-farm testing,
workshops, technical handouts, and newsletter articles.
No progress made, as the project has just begun.

Work Planned
Objective 1. All seven of the listed farms will be contacted and visited during the
next reporting period. At each farm, a plan will be developed and implemented
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based on existing conditions at each site in order to increase their swordtail output
or profit margin. Lyretail fry and additional stock, if available, are to be distributed
to each of these seven farms to assist in diversifying the products at each farm.
Likewise, it also will serve to amplify the number of lyertail swordtails that will be
available when the technology of producing homozygous strains becomes available.
Objective 2. The double blind tests are to be completed during the next reporting
period to confirm the utility of the gene marker to distinguish between the
heterogygous and homozygous genotype. If successful, the project work group
will begin the process of protecting the technology under the University of Hawaii’s
intellectual property rights. The marker will then be used to develop the homozygous
lyretail strains without the use of progeny testing. The feminizing technique is to be
field tested at WCC by feminizing fry from a traditional lyretail common cross.
The lyretail females will then be crossed with common males, and the output of
offspring characterized. If demonstrated to be successful, feminized heterozygous
lyretail females will be provided to farms in order to verify augment the output at
pilot scale.
Alternatively, there is one more gene marker currently under development that is
to be field tested.
Objective 3. Artificial insemination of two additional varieties of lyretails not present
at WCC will be undertaken during the next reporting period. One fourth of the
offspring from these crosses are homozygous and will await identification through
either the gene marker or progeny testing.
Objective 4. There will be two master degree theses that will be completed during
the next reporting period. In addition, two manuscripts are being targeted for
completion by the end of the project. The manuscripts will be based on the results
of the feminizing work from Lei Yamasaki and on a summary of the inheritance of
the lyretail trait in swordtails. These results will also form the basis for a Regional
Notes newsletter article and fact sheet. A planned workshop is to be done in
conjunction with the 2007 workshop series planned by the Hawaii Aquaculture
Association.

Impacts
None to date as the project has just been initiated.
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Literature Cited
Kam, L., P. Leung and C. S. Tamaru. 2005. Direct marketing Hawaii’s freshwater
ornamental aquaculture products. Aquafarmer Information Sheet #151.
Honolulu: Center for Tropical and Subtropical Aquaculture.
Yamasaki, L.S. Feminization of Xiphophorus helleri by dietary administration of
17ß-estradiol. MS thesis in preparation, University of Hawaii at Manoa.
Nasu, M. Identification of DNA markers for the homozygous lyretail in swordtail
fish. MS thesis in preparation, University of Hawaii at Manoa.

Publications in Print, Manuscripts, and Papers
Presented
None to date as the project has just been initiated.

Appendices

FIGURE 1. Fingerprinting of fish genomic DNA by using microsatellite primer
KonT38. The 229 bp-DNA fragment is not amplified in the homozygous
individuals, indicating that it is characteristic of the recessive allele (Nasu in
preparation).
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FIGURE 2. This graph
represents the linear
regression analyses of
sex ratio of swordtails
receiving estradiol 17B
therapy through their
diet (Yamasaki in
preparation).
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National Aquaculture Extension
Conference
General Information
Reporting Period

September 1, 2006–September 30, 2006

Funding Level

$11,249

Participants

James P. Szyper, Ph.D., Extension Specialist
Sea Grant College Program, University of Hawaii at Manoa
Clyde S. Tamaru, Ph.D., Extension Specialist
Sea Grant College Program, University of Hawaii at Manoa

Objectives
1. Support the travel and reporting activity of CTSA representatives to the
conference.
2. Support the costs of conference organization as a contributing RAC.

Anticipated Benefits
This conference is the only opportunity for extension professionals nationwide to
plan, organize, implement, and evaluate a professional growth and enhancement
program that aims to improve personal performance and effectiveness. As programs
undergo scrutiny and downsizing, and seeing as how extension capabilities in
aquaculture vary across the nation, investment in human capital is of enormous
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benefit. Effectiveness becomes increasingly important, as more university faculty
are asked to address multiple responsibilities of extension, teaching, and research.
This conference offers participants new contacts, knowledge about new topics,
information about new tools to enhance productivity, appreciation of experience
and perspectives on issues, a chance to replicate model programs, gain in expanding
professional networks, opportunities to contribute to the development of others,
insights into participating in regional and national initiatives, and growth in skills
development relevant to responsibilities. The conference provides a forum for
professionals from the Sea Grant Marine Advisory Service, the Cooperative
Extension Service, and other outreach programs to seek collaboration for mutual
benefit to the aquaculture industry and the public.
This conference is also expected to strengthen research and extension linkages in
a manner that is complementary and in partnership with private sector interests.
The inclusion of a research-based science and technology theme — one that leads
to implementation plans to better support and impact industry development through
state, regional and national actions — is both timely and essential.
Post-conference evaluation responses from the 1992, 1997, and 2003 meetings
provide insights to improve the program to address personal expectations. Realizing
that the nation’s outreach community is as diverse as the nation’s aquaculture
industry, the workshop will address themes and issues that cut across regional
structures.
Anticipated benefits include investments in human capital and staff development
that will contribute to present and future development of aquaculture nationwide
for many years to come. Our nation’s key stakeholders in aquaculture will gain
from this conference’s enhancement of both quality performance standards and
professional capabilities, which are a continuous journey in anyone’s career.
Stakeholders include small producer families, well established corporate producers,
politicians, university students, vocational education instructors, prospective
producers, processors, state regulators, suppliers, or consumers of aquaculturally
produced foods or products.

Work Progress and Principal Accomplishments
The formal starting date of this project was September 1, 2006. This report,
therefore, covers one month of the project period.
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Objective 1: Support the travel and reporting activity of CTSA
representatives to the conference.
The CTSA representatives to the conference will attend and participate as
appropriate. Clyde Tamaru, Ph.D., will prepare a report of the trip. CTSA
representatives will respond to post-conference evaluation as appropriate. A UH
account has been instituted. Work group member Tamaru is a member of the
Conference Planning Committee, and he has been participating in the committee’s
national conference calls, which began before this project’s starting date and continue
through to the present.
Objective 2. Support the costs of conference organization as a
contributing RAC.
No transfer of budgeted funds to the conference has been made yet.

Work Planned
Near-term work items include selection and invitation of a participant from the U.S.affiliated Pacific Islands; making travel arrangements for Szyper, Tamaru, and an invitee;
and transfer of funds to the conference organizers. Tamaru’s report on the conference,
and Szyper’s final project report, will be made after the conference.

Impacts
No impacts from work during this one month of the project are evident. Expected
impacts of the project are stated previously in the “Anticipated Benefits” section.

Publications in Print, Manuscripts, and Papers
Presented
None.
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Optimal Harvesting Strategies
for Farmed Fish and Shrimp
in Hawaii, Year 1
General Information
Reporting Period

October 1, 2005–September 30, 2006

Funding Level

Year
1

Participants

PingSun Leung, Ph.D., Professor
Department of Molecular Biosciences and Bioengineering (MBBE)
College of Tropical Agriculture and Human Resources (CTAHR)
University of Hawaii at Manoa

Amount
$34,994

Clyde S. Tamaru, Ph.D., Extension Specialist
Sea Grant Extension Service, University of Hawaii at Manoa
Paul Bienfang, Ph.D., Associate Professor
Department of Oceanography, School of Ocean and Earth Science and Technology
University of Hawaii at Manoa
Run Yu, Graduate Assistant
MBBE, CTAHR, University of Hawaii at Manoa

Objective
Develop, test, and make operational a quantitative management model to assist
shrimp and finfish producers in Hawaii in determine the stocking and harvesting
strategies that optimize profitability.
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Anticipated Benefits
Ultimately, shrimp and fish farmers will use this model and customize it to individually
increase production and improve profitability.

Work Progress and Principal Accomplishments
In this second phase of the project, we have attempted to modify the model
developed in the first year for shrimp operation to finfish culture. We have put
together a prototype spreadsheet model for single-cage scheduling of off-shore
finfish culture. A copy of the spreadsheet has been provided to both Kona Blue
Water Farms and Cates International for their evaluation and testing. However,
due to many immediate issues to which they have to attend, both companies felt
that it is not the right time to tackle scheduling issues.
Instead, we continued to modify and extend the framework to model a “partial
harvesting” scheme. It has generally been recognized that partially harvesting the
standing stock of cultured animals (fish or shrimp) over the course of their growing
seasons would decrease competition, thereby increasing individual growth rates
and total yield. Although this general paradigm has been well documented in the
literature, we found that existing harvesting management models are still rather
restrictive in nature and generally not suitable for practical on-farm applications. In
particular, no practical model can be found in the literature that is able to address
a “discrete” partial harvesting strategy consisting of several discrete harvests along
the growout process.
Hence, we have developed an optimal harvest model using impulsive control theory
that is capable of addressing “discrete” partial harvesting for a single cohort of
farmed fish (or shrimp and other cultured species) represented by uniform and
density-dependent growth. Preliminary results indicate that in the presence of
density-dependent growth, partial harvesting could outperform single-batch
harvesting. We used a numerical example to illustrate how a well-managed discrete
partial harvesting can outperform single-batch harvesting and, thus, enhance
profitability. The results of this numerical example also suggest that an economic
model of partial harvesting is rather vital in using partial harvesting as an avenue of
improving profitability. A manuscript documenting this theoretical model has recently
been published.
At the same time, we have been working with the Shrimp Department at the
Oceanic Institute to evaluate the economics of partial harvesting using experimental
data they have been collecting. Initial investigation suggests that partial harvesting
can be beneficial under certain conditions, and the results have been documented
in a short article in Global Aquaculture Advocate. However, we will need to
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develop growth curves and feeding rates for various stocking densities under
different partial harvesting scenarios in order to test the impulsive control model
for identifying optimal harvest strategies.
Using the developed framework, we have also worked with Paul Bienfang, Ph.D.,
in devising several partial harvesting schemes for Sunrise Capital Inc., the company
that took over the previous CEATECH operation on Kauai. At present, we are
working with Bienfang to develop a set of baseline biological parameters for testing
and refining a more general spreadsheet model based on the general analytical
framework developed so far.

Work Planned
The next step is to implement the partial harvesting model on a spreadsheet for
general usage.

Impacts
Shrimp and fish farmers ultimately will use this model and customize it in order to
individually increase production and improve profitability.

Publications in Print, Manuscripts, and Papers
Presented
Moss, S. M., C. A. Otoshi, and P. S. Leung. 2005. Optimizing strategies for
growing larger L. vannamei. Global Aquaculture Advocate 8(5):68-69.
Otoshi, C. A., C. Whitehead, F. Falesch, S. Naguwa, P. S. Leung, and S. M.
Moss. 2006. Production of broodstock-size pacific white shrimp litopenaeus
vannamei in a biosecure system using a partial harvest strategy. Abstract in
Aquaculture America 2006 Book of Abstracts, 219. Baton Rouge: World
Aquaculture Society.
Yu, R. and P. S. Leung. Optimal partial harvesting schedule for aquaculture
operations. Abstract in WAS 2006 Book of Abstracts, 561. Baton Rouge:
World Aquaculture Society.
———. 2006. Optimal partial harvesting schedule for aquaculture operations.
Marine Resource Economics 21(3):301-315.
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———. 2006. Optimal partial harvesting schedule: an impulsive control approach.
Paper presented at the INFORMS International 2006 meeting of the Institute
for Operations Research and the Management Sciences, July 25-28, in Hong
Kong.
Yu, R., P. S. Leung, and P. Bienfang. 2006. A decision support system for efficient
scheduling of multi-pond and multi-cycle commercial shrimp culture. In Chapter
21, Shrimp Culture: Economics, Market and Trade, eds. P. S. Leung and
C. Engle, 315-327. Oxford, United Kingdom: Blackwell Publishing.
———. 2006. Optimal production schedule in commercial shrimp culture.
Aquaculture 254: 426–441.
———. 2006. Predicting shrimp growth: Artificial neural network vs. nonlinear
regression models. Aquacultural Engineering 34(1):26-32.
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Feasibility Analysis
of Shrimp Waste Processing
Alternatives
General Information
Reporting Period

August 15, 2005–August 14, 2006 (final report)

Funding Level

$34,850

Participants

Daniel M. Jenkins, Ph.D., Assistant Professor
Department of Molecular Biosciences and Bioengineering (MBBE)
College of Tropical Agriculture and Human Resources (CTAHR)
University of Hawaii at Manoa
PingSun Leung, Ph.D., Professor
MBBE, CTAHR, University of Hawaii at Manoa
Vadim Kostyukhin, Student Assistant
University of Hawaii at Manoa
Wai Kit Nip, Ph.D., Professor Emeritus
MBBE, CTAHR, University of Hawaii at Manoa
Paul Bienfang, Ph.D., Associate Professor
Department of Oceanography, School of Ocean and Earth Science and Technology
University of Hawaii at Manoa
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Objectives
1. Identify different processing alternatives for utilizing shrimp head and other
wastes from shrimp and other seafood processing. Include alternative
preparations for high-protein meals for animal feeding, high-value natural
products, and specialty foods.
2. Perform marketability study of these alternative materials, including hands-on
interactions with different specialty marketing venues in Hawaii.
3. Complete an engineering cost analysis of basic operations for processing waste
streams from shrimp and other seafood processing. Include the costs of
transport, storage and handling, separation of viscera from chitinous materials,
and subsequent grinding and biological processing, under various realistic
scenarios of volume and distributed generation of waste.

Principal Accomplishments
Objective 1: Identify different processing alternatives for utilizing
shrimp head and other wastes from shrimp and other seafood
processing. Include alternative preparations for high-protein meals
for animal feeding, high value natural products, and specialty foods.
In the first stage of the project, published literature, trade magazines, and industry
experts were consulted to identify a variety of products that can be made from
shrimp heads, shells, and legs. These products included high-protein materials for
animal feed, high-value natural products from chitinous material, specialty foods,
and compost. In this stage of research, the processing methods available to produce
these materials were also compiled to facilitate the economic analysis to meet
subsequent objectives. While it was difficult to obtain detailed information about
processing methods and product compositions due to industry secrecy, enough
information about the main processing steps and potential yields was obtained for
each product in order to perform relevant economic comparisons.
Objective 2: Perform marketability study of these alternative
materials, including hands-on interactions with different specialty
marketing venues in Hawaii.
Based on the results of the first stage of the project, a marketability study of
byproducts from shrimp head utilization was conducted. Potential markets were
evaluated, taking into consideration the market value of byproducts, competition,
and market trends. The market study included interactions with specialists and
experts in Hawaii, on the mainland, and abroad. Results of the market study were
summarized in Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis.
Based on the SWOT analysis, a decision was made to focus detailed analysis on
four of the most promising byproducts and on the selected processing methods for
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producing them. These products included shrimp flavor, shrimp protein hydrolysate,
chitin (industrial grade), and compost, produced using a variety of low cost biological
processes.
Objective 3: Complete an engineering cost analysis of basic
operations for processing waste streams from shrimp and other
seafood processing. Include the costs of transport, storage and
handling, separation of viscera from chitinous materials, and
subsequent grinding and biological processing, under various
realistic scenarios of volume and distributed generation of waste.
In the third stage of the project, an engineering cost analysis of basic operations for
processing waste streams from shrimp and other seafood processing was
completed. The analysis covered costs of manufacturing byproducts from shrimp
heads, using different methods and various realistic scenarios.
Analysis revealed that under certain scenarios shrimp head waste could provide a
new revenue stream for potential processors of locally produced waste products.
Different processing alternatives were determined that could be economically viable
for converting shrimp heads and other wastes into valuable biological materials
under the prevailing conditions in Hawaii and other Pacific Islands.
A capital budgeting model was applied to perform financial feasibility analysis.
During the research, equipment, capital, labor, energy, building, and space
requirements were determined for all processing alternatives. Analysis included
examinations of production cost structure for each type of byproduct and of
operating cashflow, as well as a profitability and sensitivity analysis. Return on
investment was estimated by using a combination of investment analysis criteria.
Payback period, net present value, and internal rate of return were applied to the
estimated annual after-tax cash flow for the investment over a 10-year planning
horizon.
Based on our analysis, we believe that the most profitable waste processing
alternative for locally produced shrimp wastes would be shrimp flavor, or the
simultaneous production of shrimp flavor and chitin — although profitability is
subject to availability of wastes from 100,000 lbs. of shrimp per year and to the
ability of a producer to incorporate additional processing requirements into his/her
own operation to save on overhead and other fixed costs. It is also highly advisable
that any potential processor invest in industry professionals to help develop a
marketable product and design a processing facility of an appropriate scale.
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Impacts
The findings of this study may help Hawaiian aquaculture producers decide on
alternative processing schemes for generating a supplemental source of income
from their production. Because the economic constraints of Hawaiian aquaculture
production are similar to those constraints of aquaculture production on other
islands in the Pacific, this study also may be useful in making economic decisions in
the same industries throughout the CTSA region.

Recommended Follow-up Activities
We believe that the information compiled during this project should be made
publicly available to all aquaculture producers in Hawaii and throughout the Pacific
in order to facilitate their decisions regarding production and processing. To that
end, we recommend that the detailed findings of the project be published by CTSA
in an extended report of approximately 100-pages. In order to more effectively
publicize this work to the aquaculture community, we are also preparing a brief
summary of the project for inclusion in the next issue of CTSA’s Regional Notes,
and an article for submission to a peer-reviewed aquaculture journal.

Publications in Print, Manuscripts, and Papers
Presented
At the time of this report, no official publications have been submitted based on
work completed under this project. However, as noted above, we believe the
information compiled in the course of this study would be extremely valuable in a
special publication by CTSA, and we are working on condensed versions of the
study for inclusion in the CTSA newsletter and a peer-reviewed aquaculture journal.

70 n Center for Tropical and Subtropical Aquaculture

Longfin Amberjack (Seriola
rivoliana) Nursery Fingerling
Production, Years 1 and 2
General Information
Reporting Period

November 1, 2004–December 31, 2004; no-cost extension
through June 30, 2006 (Year 1, final report)
July 1, 2006–September 30, 2006 (Year 2)

Funding Level

Year
1
2
TOTAL

Participants

Charles W. Laidley, Ph.D., Director
Finfish Department, Oceanic Institute

Amount
$100,000
$100,000
$200,000

Objectives
Year 1
1. Increase supply of high-quality amberjack eggs throughout the year to
levels sufficient to stock a minimum of one hatchery run (~ 2 million larvae)
in a day or two each month.
2. Develop methods to prevent or control monogenean infestation of
amberjack.
3. Conduct workshop and develop fact sheet incorporating results of this
project for rapid transfer to farmers in Hawaii and the Pacific region.
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Year 2
1. Establish an expanded kahala broodstock population and determine the
optimal stocking density for long-term broodstock health and optimized
egg production.
2. Resolve monogenean parasite infestations that are being experienced when
kahala are grown in unfiltered waters associated with open-ocean cages.
3. Conduct workshop and develop fact sheet incorporating results of this
project for rapid transfer to farmers in Hawaii and the Pacific region.

Anticipated Benefits
Research efforts established a year-round supply of viable eggs, identified a new
broodstock diet that greatly improved overall broodstock performance, and
provided egg supplies to multiple commercial startups as they initiated hatchery
operations. Continuing efforts will secure a larger captive broodstock population,
determine optimal holding conditions and stock densities to ensure continuous egg
production, examine size variation in the larval hatchery/nursery, and begin
addressing critical monogenean parasite issues being faced in open ocean
operations. This research is part of a long-term multi-institutional, public-private
sector collaboration aimed at expanding and diversifying the Hawaii aquaculture
industry and assisting in the conservation of natural fish stocks throughout the
United States.

Work Progress and Principal Accomplishments
Year 1
Objective 1: Kahala Broodstock husbandry and nutrition.
At the initiation of project activities in January 2004, the Oceanic Institute (OI)
captive kahala broodstock population was being maintained on a mixed raw diet
composed of frozen smelt, squid, and shrimp. Under this dietary regimen the stocks
produced eggs on a year-round basis with peak egg production in the summer
months and, in the winter months, lower egg output due mainly to less frequent
spawning activity. However, the production of sufficient numbers of viable eggs
for hatchery operations remained a major obstacle primarily due to the low fertility
rates (less than 50%) and poor hatchery performance of the fertilized eggs from
most spawns. Similar problems in egg production and egg quality were also being
experienced by commercial operations on the Big Island, suggesting potential
problems in stock husbandry and nutrition. Through the next 1.5 years several
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commercial pellet diets were tested. These commercial formulated feeds were
readily eaten by kahala stocks but resulted in reduced overall egg production
leading to even lower supplies of viable eggs for hatchery operations. In November
2005, we converted kahala stocks to a formulated salmon broodstock feed called
Vitalis SA from Skretting of Vancouver, Canada. The diet was eaten very well and
quickly led to major improvements in spawning output and, more significantly, to
large improvements in egg fertility and viability (Figure 1).
With the establishment of a high-quality egg supply, OI initiated regular egg
shipments to commercial operations, with the delivery of 36 shipments and nearly
13 million eggs over the last year (Table 1). Further, eggs shipped to commercial
operations on the Big Island relayed considerable success in rearing these eggs
through their commercial hatchery operations, with Kona Blue adopting the OI
broodstock feeding protocols for their commercial operations, based on the results
of these studies.
The second area of focus throughout the first year of project activities was the
expansion of kahala broodstock populations at the Oceanic Institute toward setting
up a long-term broodstock density trial to assist in determining the optimal
management strategy for high-value broodstock populations. Although shipping
large (2-kg) broodstock has proven challenging, we have been successful in
shipping 65 large fish to OI facilities for planned broodstock trials. Shipments will
take place and trials will be initiated in Year 2.
Objective 2: Develop methods to prevent or control monogenean
infestation of amberjack.
With the revised work plan for Year 1, we had planned to initiate activities by
Teresa Lewis, focused on preventing or controlling monogenean parasite infestations
in cage cultured kahala juveniles. However, by the time the revised work plan was
developed (December 8, 2005) and approved (January 26, 2006), it was not
possible to establish the necessary subcontract and initiate planned research activities
within the remaining project time line. Therefore, this objective will be completed
under Year 2 project activities. Funds allocated for these purposes ($16,486)
were used to cover shipping costs of kahala broodstock from Kona to Oahu,
allowing funds from Year 2 to be used for this important work.
Objective 3: Conduct workshop and develop fact sheet
incorporating results of this project for rapid transfer to farmers in
Hawaii and the Pacific region.
An industry stakeholder workshop was held on May 25, 2006 to review status of
kahala aquaculture development under CTSA-sponsored research activities and
develop a coordinated research plan that ensured research activities were focusing
on the most immediate concerns of local industry. The major finding of this meeting
was that CTSA kahala culture development monies (Years 1 through 3 and a

December 2006 n 73

Nineteenth Annual Accomplishment Report

soon-to-be-submitted Year 4) should be viewed as a pooled resource to address
the most immediate concerns of industry with a high priority on (1) broodstock
management to secure year-round supplies of high-quality eggs and (2) control of
monogenean infestations in open-ocean cage settings. Therefore, Year 2 project
activities will focus on these key issues, and results of these studies will be rapidly
disseminated via industry workshops and CTSA’s Regional Notes newsletter.
Year 2
Objective 1: Establish an expanded kahala broodstock population
and determine the optimal stocking density for long-term
broodstock health and optimized egg production.
Toward this goal we have been working in collaboration with Kona Blue Water
Farms, which is donating cage-reared kahala broodstock for continuing project
activities. Two-kg kahala from offshore cage operations in Kona are brought
onshore and quarantined in outdoor quarantine tanks maintained with filtered
seawater for several weeks prior to shipping by air freight to Oahu. Upon arrival
at OI, the kahala stocks are put into a secondary quarantine with weekly hydrogen
peroxide treatments (ongoing) to remove potential ectoparasitic pathogens with
planned stocking for the broodstock density trials (Table 2).
Although shipping larger broodstock has proven challenging, we have been
successful in shipping more than 100 large fish to OI facilities for planned
broodstock trials. The only major mortalities were experienced when large
shipments were bumped to later flights resulting in extended shipping times (of
greater than 6 hours) and high rates of mortality. Subsequent shipments will be
conducted in smaller batches until a total of 144 broodstock are successfully
shipped to OI.
These expanded kahala broodstock populations will be monitored daily throughout
the year. Egg production and individual spawns will be examined for fertility and
viability rates. Eggs from OI stocks will continue to be made available to industry
with reimbursement to OI for costs associated with packing and shipping eggs.
Objective 2: Resolve monogenean parasite infestations that are
being experienced when kahala are grown in unfiltered waters
associated with open-ocean cages.
During a project conducted in 2004, funded by the State of Hawaii, and titled,
“Kahala Offshore Culture Demonstration Project,” researchers from OI and Cates
International successfully stocked several thousand juvenile longfin amberjack into
a 2600-m3 offshore cage operated by Cates International. The trial demonstrated
the feasibility for hatchery production, ocean transport, and offshore growout of
this new aquaculture species. However, the infestation with parasitic flatworms
required early cage harvest and continues to represent a serious impediment to
further development of this species for offshore aquaculture. Similar problems
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have been encountered by a new commercial kahala operation, Kona Blue Water
Farms, which recently initiated operations at Natural Energy Laboratory of Hawaii
Authority (NELHA) site on the Island of Hawaii.
This objective will begin to explore methods to control monogenean parasites.
Trials will specifically compare land-based chemical treatment protocols using
hydrogen peroxide with dietary parasiticides, such as caprylic acid or praziquantel
(sold commercially by Bayer). Caprylic acid is a medium-chain fatty acid with
demonstrated antiparasitic ability often found in coconut oil, butter, and other edible
oils. Praziquantel (1,2,3,6,7-11ß-hexahydro-4H-pyrazino [2,1,a] isoquin-olin-4one) is an oral formulation that is purported to be effective in controlling Benedenia
seriolae in aquacultured fish. Both products appear suitable for treatment in
submersible offshore cages and can be administered through feed upon the first
signs of parasite detection.
Juvenile amberjack resulting from OI and/or Kona Blue Water Farms will be stocked
in a replicated 600-L tank system at the disease challenge facility located at the Hawaii
Institute of Marine Biology. This tank system is currently under commission at HIMB
and will be ready to receive fish for testing in the next few weeks. Trials will consist of
10 treatment groups, and the experiment will be replicated three times. Each tank will
be stocked with 30 juvenile amberjack (~ 50 g) and allowed a two-week acclimation
period in the new tank system. Treatment groups 1 through 5 will be supplemented
with cage netting material to allow for monogenean cyst attachment, and groups 6
through 10 will go without netting (Table 3).
After the acclimation period, each tank will be experimentally infected with monogenean
parasites obtained from infected fish. Each block of five treatments (i.e., with and
without netting) will be further subdivided into five treatment procedures: controls will
receive no special treatment (groups 1 and 6); intensive tank and net cleaning will be
done on a weekly basis (or more often if necessary) to prevent biofilm growth and
remove ectoparasite egg deposits that would be likely to re-infect cage fish (groups 2
and 7); weekly 100 ppm hydrogen peroxide treatments will be done to remove surface
parasites (groups 3 and 8), caprylic acid (groups 4 and 9) or praziquantel will be
included in the diet (groups 5 and 10).
Amberjack will be fed to satiation daily with Moore-Clark Marine Grower diet
and monitored for changes in appearance or food consumption.
At trial initiation and termination, fish will be weighed, measured, bled, examined
for monogeneans, and enumerated after dislodging through freshwater rinse (this
trial is tentatively scheduled to last one month). Blood samples will be stored at 80 °C until analysis by two-dimensional gel electrophoresis (iso-electric focusing
x molecular weight) for the appearance of newly emergent antibodies.
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Differences in treatment effects on parasite load, in addition to weight, length, and
food consumption, will be analyzed by way of Analysis of variance (a = 0.05). If
differences are detected, Tukey’s post-hoc test will be performed.
Objective 3: Conduct workshop and develop a fact sheet
incorporating results of this project for rapid transfer to farmers in
Hawaii and the Pacific region.
As reviewed under Year 1, an industry stakeholder workshop was held on May
2006 to review the status of kahala aquaculture development under CTSAsponsored research activities and develop a coordinated research plan that ensured
research activities were focusing on the most immediate concerns of local industry.
A more in depth workshop is planned at the end of Year 2 project activities to
review progress in both kahala broodstock management and parasite control.

Work Planned
Research activities should continue to develop broodstock technologies toward
securing year-round supplies of kahala eggs followed by focusing on improvement
in hatchery performance/survival rates and resolving ectoparasite infestations being
experienced with the growout of amberjacks in open water cages. See content
under Year 2 Objectives 1 to 3 for more details about work planned for the rest of
the project period.

Impacts
This multi-year project is part of an ongoing effort to diversify the Hawaiian
aquaculture industry with emphasis on developing aquaculture technology for highervalue species such as moi and kahala. Hawaii has a select advantage over competing
regions — such as Japan, the Mediterranean region of Europe, and even the
mainland United States — due to ease of access to pristine waters of the open
ocean with relatively constant year-round temperatures. However, commercial
companies are in the very early stages of operations and are very vulnerable to the
complex array of challenges associated with generating fingerling supplies for cage
growout operations. Therefore, this project has made critical impacts by developing
culture technology for kahala broodstock, transferring this technology to local
industry, and supplying eggs to assist in hatchery operations with the delivery of 42
egg shipments and 14 million eggs to hatcheries in Kona for both onshore and
offshore growout. Without this research and associated egg supplies, commercial
operations would have been severely threatened.
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Publications in Print, Manuscripts, and Papers
Presented
Laidley, C.W., K. Liu, A. Ellis, C. Demarke, and A. Molnar. 2005. Aquaculture
development of the Pacific threadfin, longfin amberjack, and bluefin trevally for
commercial cage culture in Hawaii. Abstract in Proceedings of the 34th UJNR
Symposium: Aquaculture and Stock Enhancement of Finfish. United StatesJapan Cooperative Program on Natural Resources (UJNR) Aquaculture Panel.
http://www.lib.noaa.gov/japan/aquaculture/proceedings/report34/
34th_abstracts.htm.

Appendices
Squid,smelt,
shrimp diet

Marine Finfish Growout Diet

High Lipid Broodstock Diet
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FIGURE 1. This graph represents spawning data for the captive
OI broodstock population over the project period from January
2004 to present. Note increases in reproductive output in
response to dietary changes with major improvements in total
egg production and fertility rates in fish after conversion to a
high-lipid broodstock diet in November 2005.
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TABLE 1. A summary of egg shipments to interested stakeholders in the
local kahala industry in Hawaii.
Date

Number of shipments

Eggs shipped

Dec 2005
Jan 2006
Feb 2006
Mar 2006
April 2006
May 2006
June 2006
July 2006
August 2006
September 2006
October 2006

1
2
1
6
3
3
7
6
7
1
5

200,000
300,000
80,000
2,000,000
1,110,000
1,300,000
1,970,000
2,972,000
2,935,500
438,000
1,053,000

TOTAL

42

14,358,500

TABLE 2. Planned broodstock density trial to be completed unde Year 2 project
activities.
Tank
1
2
3
4
5
6

Number of Fish
12
24
36
12
24
36

Starting Density
0.96 kg/m3
1.92 kg/m3
2.88 kg/m3
0.96 kg/m3
1.92 kg/m3
2.88 kg/m3

TABLE 3. Experimental treatment schedule for monogean parasite challenge studies on
longfin amberjack, Seriola rivoliana.
With cage netting
Without cage netting
Treatment
Treatment
Treatment
Treatment
group
group
1
Control
6
Control
2
Intensive cleaning
7
Intensive cleaning
3
Hydrogen peroxide
8
Hydrogen peroxide
4
Praziquantel
9
Praziquantel
5
Caprylic acid
10
Caprylic acid
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Bioprocessing Pacific Island
Byproducts for the Production
of Value-Added Feed
Ingredients, Year 1
General Information
Reporting Period

April 1, 2006–September 30, 2006

Funding Level

Year
1

Participants

Ping-Yi Yang, Ph.D., Professor
Department of Molecular Biosciences and Bioengineering (MBBE)
College of Tropical Agriculture and Human Resources (CTAHR)
University of Hawaii at Manoa

Amount
$75,000

Warren G. Dominy, Ph.D., Director
Aquatic Feeds and Nutrition Department, Oceanic Institute
Eulsaeng Cho, Assistant Researcher (April 1,2006–May 31, 2006)
University of Hawaii at Manoa
Hsu-Ya Kang, Graduate Research Assistant (April 1, 2006–present)
University of Hawaii at Manoa
He Xu, Graduate Research Assistant (September 1, 2006–present)
University of Hawaii at Manoa
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Tai Sheng Wang, President
Super Foods Inc.

Objectives
1. Development of a controlled engineering process at lab scale for the
biotransformation of island agricultural fruit processing waste into useful highprotein content.
2. Evaluation of the effects of processed product as a feed ingredient on growth
and survival of shrimp
3. Assessment of cost-effectiveness of processed product in the use of aquatic
feed ingredient

Anticipated Benefits
The development of the biotechnical process for engineering the production of
value-added island agricultural fruit processing waste is expected to greatly aid
the recovery/reuse of organic waste nutrients with advantages — such as fast
stabilization; low-cost, simple operation; easy recycling of fruit waste with no
objection of odor and sanitation problems; non-pathogenicity; and better protection
of environment. This work will help fruit processing owners to void pollution and
environmental health risks. The success of bio-transformed papaya processing
waste (PPW) value-added products as alternative feed ingredients for shrimp will
promise safe farming and a reduction in expenditure on feeds, which will improve
the prosperity of aquaculture industry. Consequently, net public and private benefits
will result from the success of this proposed technology.

Work Progress and Principal Accomplishments
Objective 1: Development of a controlled engineering process at
lab scale for the biotransformation of island agricultural fruit
processing waste into useful high-protein content.
For this objective, two laboratory-scale units with 1-L and 10-L bioreactors have
been installed and tested for the necessary biotransformation of papaya processing
wastes (an island agricultural fruit processing waste) into the biomass with enriched
protein content. Preliminary accomplishments have been made, such as determining
the necessary pretreatment method, nutrient requirement, and mass balance of
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each parameter. Further study will be in the areas of optimization of growing
conditions, development of bioprocess kinetic parameters and constants for design
and operation requirements, investigation of semi-continuous operation criteria
for mass production requirements.
Objective 2: Evaluation of the effects of processed product as a
feed ingredient on growth and survival of shrimp.
For the anaerobic production of lactic acid bacteria, using papaya processing
wastes requires further development of growing conditions, nutrient requirements,
bioprocess kinetic parameters, and necessary design and operation criteria for
mass production. After all these developments are complete, the feeding test for
shrimp culture will follow. The impacts of increases in body weight and survival
rate from using bioprocessed products will be evaluated.
Objective 3: Assessment of cost-effectiveness of processed
product in the use of aquatic feed ingredient
The project is not yet to this stage of work.

Work Planned
•
•
•

•

A position for a new full-time assistant researcher or post-doctoral fellow will
be filled in January 2007.
A new half-time graduate research assistant, Ms. He Xu, was hired with a
starting date of September 1, 2006. She has started the experiment for the
lactic acid producing bacteria.
Ms. Hsu-Ya Kang has developed the yeast growing conditions in the batch
experiments. She is doing some biokinetic evaluation for future design and
operation requirements. She also plans the development of a semi-continuous
system for the application of mass production of yeast culture from the
bioconversion of papaya processing wastes.
Further study regarding the feeding trial for shrimp culture will be followed up
at the Oceanic Institute.

Impacts
Today, one of the challenges faced by Pacific Island communities is that they often
have to import feed ingredients or complete feeds to maintain local animal
production units for swine, poultry, beef, dairy, fish, and shrimp. The cost of
transportation to ship feedstuffs to the islands often becomes more costly than the
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value of finished animal products. In Pacific island communities, there are few or
no feedstuffs that are specifically produced as an ingredient for an animal/aquaculture
feed. Therefore, development of a biotechnological process is encouraged in order
to engineer the production of feed ingredients containing beneficial microorganisms
by using economical materials such as agricultural byproducts to reduce production
costs. Success of this research can help to meet challenges in the new millennium
for local producers in Hawaii and the Pacific Islands, decreasing feed costs and
increasing sales of locally produced products. Ultimately, a successful project will
help lead to the sustainability of the dramatic growth rate of Hawaii’s aquaculture
industry, one of the bright spots in the state’s economic picture.

Publications in Print, Manuscripts, and Papers
Presented
None to date.

Appendices
Appendix A. Feasibility of PPW liquefaction pretreatment for yeast
growth.
A1. Required reaction time for liquefaction of PPW. Liquefaction of papaya
processing waste (PPW) was performed anaerobically under 30 °C to determine
required reaction time for total chemical oxygen demand (COD) to be released into
soluble form. We used two methods of liquefaction: (1) PPW was chopped and then
added to a mix of water and liquefaction seed; (2) PPW was blended with water and
liquefaction seed in a blender to a solid of approximately less than 0.5 cm3 (PPW to
water to liquefaction seed ratio of 1:1:10%). Results show that about 75% of SCOD
is released after one day for chopped PPW liquefaction (Figure 1), whereas about
72% of SCOD was immediately released after blending (Figure 2). When a different
ratio of PPW-to-water-and-seed (1:3:15%) was used for chopped PPW liquefaction,
about 70% of SCOD was released after one day (Figure 3).
A2. Performance of liquefied PWW for yeast growth. Liquefaction of PPW
was carried out at a ratio of PPW-to-water-to-seed 1:1:10% at 5l working volume
under 30 °C. After one day of reaction, the percolated liquefaction liquor and the
mixed liquefaction slurry were separately inoculated with 2% baking yeast
(Saccharomyces cerevisiae) (Red Star, USA) and aerated under room
temperature of 20±2 °C for yeast growth at 2l working volume (Figures 4 and 5).
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The results showed that for one day fermentation, about 93% and 84% of SCOD
were removed and the products contained 35% and 30% of protein in suspended
solids for percolated liquefaction liquor and mixed slurry, respectively (Table 1).
However, the end product of liquefied PPW is not suggested for use as a feed
ingredients due to a concern about detrimental bacteria (i.e. contamination). Thus,
Liquefaction method is not suggested for the pretreatment of PPW.
Appendix B. Performance and effect of nutrient and environment
requirements of blending PPW pretreatment for yeast growth.
For blending pretreatment, PPW was blended with tap water to an average solid
size less than 0.5 cm3 and then squeezed out of the juice liquor through centrifuge
separator. The centrifuged juice and the mixed blended slurry were separately
used as substrate after pasteurization and inoculated with 2% baking yeast (Red
Star, USA). Ammonium sulfate and potassium phosphate were used as additional
nitrogen and phosphate source at a ratio of COD: N: P = 100:5:1. Fermentation
was performed in a 14-L fermentor (New Brunswick Scientific Company, NJ,
USA), aerated and stirred at 200 rpm under room temperature (20±2 °C) at 4l
working volume. The composition of blended PPW slurry is shown in Table 2.
B1. Effect of additional nitrogen and phosphate source for yeast growth.
The centrifuged PPW juice was used as substrate to test the effect of additional
nitrogen and phosphate source on yeast growth. Ammonium sulfate and potassium
phosphate were used at a ratio of SCOD: N: P = 100:5: 1. The fermentation
performance was then compared with the centrifuged PPW juice substrate with
no addition of nitrogen and phosphate. As shown in Table 3, the fermentation
period is increased and the yield value is much less for original PPW substrate
compared to the substrate with the addition of nitrogen and phosphate source.
Therefore, addition of nitrogen and phosphate is essential for cell growth.
B2. Required aeration time related to PH, DO, and ORP curve. To find the
required aeration time for yeast growth, PH, DO, and ORP were monitored continuously
during yeast fermentation. Results showed that, as PH decreases, ORP increases. DO
values increased immediately as SCOD removal reaches 70%, indicating the end of
required aeration time for product formation (Figure 6).
B3. Performance comparison of centrifuged PPW juice and mixed PPW
slurry for yeast growth. The PPW was blended with tap water to an average
solid size less than 0.5 cm3 and then squeezed out of the juice liquor through
centrifuge separator. The centrifuged juice and the mixed blended slurry were
separately used as substrate after pasteurization and inoculated with 2% baking
yeast (Red Star, USA). Ammonium sulfate and potassium phosphate were used
as additional nitrogen and phosphate sources at a ratio of COD:N:P = 100:5:1.
Fermentation was performed in a 14-L fermentor (New Brunswick Scientific
Company, N.J., USA), aerated and stirred at 200 rpm under room temperature
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(21-23°C) at 4l working volume. The composition of blended PPW slurry is
shown in Table 2. The results of fermentation performance of centrifuged PPW
juice and mixed PPW slurry are shown is Tables 3 and 4. The fermentation time is
8 h respectively.
The specific growth rate of centrifuged PPW juice and mixed PPW slurry is 0.0135
and 0.0130 (h-1), the yield of suspended solids (SS) growth to SCOD removal
(Y SS/SCOD, ∆SS/∆SCOD) is 0.5057 and 0.5175, and the yield of soluble total
nitrogen (STN) removal to SCOD removal (Y STN/SCOD, ∆STN/∆SCOD) is 0.02225
and 0.02225 respectively. The estimated yield of protein formation (Y STN*6.25/
) is calculated by assuming the conversion of STN into cell protein and
SCOD
multiplied Y STN/SCOD by a factor of 6.25, which is 0.1391 and 0.1391 respectively
for centrifuged juice and mixed slurry. The estimated yield of SS formation is
calculated by assuming 40% of protein content in product solids and divided Y STN/
by a factor of 0.4, which is 0.3477 and 0.3477 respectively for juice and
SCOD
slurry. The results show that these yield values are similar, and there is not much
difference between centrifuged juice and mixed slurry as substrates for yeast growth.
Mixed PPW slurry provides simpler operation and larger SCOD removal than
centrifuged PPW juice. Therefore, it is suggested for the pretreatment of PPW.
Appendix C. Nutrient profile of frozen liquid PPW sample.
The frozen samples were stored in a -80 °C freezer until they were freeze dried
and submitted for nutrient analysis. About 150-200 grams of product were
recovered. The nutrient analyses are still under way where fatty acid and cholesterol
profiles are pending.
Nutrient Profile Of Papaya Processing Waste (PPW)
Proximate
Dry Matter %
Ash %
Crude Protein %
Crude Fat %
Neutral Detergent Fiber %
Acid Detergent Fiber%
Lignin %
Cellulose %
Minerals
Macro
Calcium %
Phosphorus %
Potassium %
Magnesium %
Sodium %
Trace
Boron ppm
Copper ppm
Iron ppm
Manganese ppm
Zinc ppm
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89.22
12.29
40.06
6.23
22.41
13.84
5.85
7.74

0.29
1.32
4.86
0.33
0.34
18
25
92
10
78

Essential Amino Acids
Arginine
Histidine
Isoleusine
Leusine
Lysine
Methionine
Phenylalanine
Threonine
Tryptophan
Valine
Non Essential AA
Alanine
Aspartic + Asparagine
Cystine
Glutamine + Glutamine
Glycine
Proline
Serine
Tyrosine
Essential Fatty Acids
Linoleic (18:2w6)
Linolenic (18:3w3)
Arachidonic (20:5w6)
EPA ( 20:5w3)
DHA (22:6w3)
Non Essential Fatty Acids
Cholesterol

1.54
0.66
1.8
2.05
2.44
0.45
1.47
1.92
NA
1.78
1.57
1.79
0.37
2.35
1.27
1.87
1.41
1.33
pending
pending
pending
pending
pending
pending
pending
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Appendix D. Figures and tables.
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day

TABLE 1. Fermentation performance of liquefied PPW liquor
and slurry for yeast growth.
percolated liquefaction liquor
fermentation time (d)

mixed liquefaction slurry
1

1

Initial condition
S0, SCOD

61000

64000

TCOD

75000

110000

SS

9600

37700

SCOD/TCOD

0.81

0.58

SCOD/SS

6.35

1.70

STN

550

560

4000

10000

end of operation
SCOD
removal %
SS

93%

84%

12000

10800

35%

30%

end product protein % in SS
biuret protein
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Figure 4

Figure 5
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FIGURE 5. Performance of mixed liquefaction
slurry for yeast growth (2% yeast inoculum, aerated under room temperature, working volume 2l).

6

12000

200
12000

11500

SCOD

180

ORP

11000

5

10000

160

4

2

SS, mg/l

120

8000
10000
9500

6000

100

SS
9000

80

4000
8500

60
3

0
2

4

6

8

10

time, hr

8000

2000
0

2

4

6

time, hr

FIGURE 6. PH, DO and ORP curve during yeast fermentation.

86 n Center for Tropical and Subtropical Aquaculture

8

10

SCOD, mg/l

4

140

ORP

DO, mg/l

PH

10500

DO

0

32000

31%

Day

PH

33000

31000

3.4

9500

0

34000

20000

10000

26%

35000

50000

40000

10000
4

36000

SS, mg/l

12000

SCOD, mg/l

PH
SCOD
SS

protein % in SS
35%

8

Bioprocessing Pacific Island Byproducts

TABLE 2. Papaya processing waste composition.
unit: mg/l
Mean

SD

PH

6.0

0.3

TS

50299

12237

20649

7379

SS
TCOD

126288

6945

SCOD

92088

11454

TN

1620

241

STN

358

166

NH3N

145

21

TCOD/TN
SCOD/STN

85
257

TABLE 3. Effect of additional nitrogen and phosphate
source for yeast growth.
additional N and P source

SCOD:N:P=100:5:1

none

8

20

S0, SCOD

5880

5505

SS

6190

6500

SCOD/SS

0.95

0.85

STN

252

55

2860

1557

fermentation time (h)
Initial condition

end of operation
SCOD
removal %
SS
STN
removal %

51%

72%

6920

7150

200

8.4

21%

85%

46%

39%

end product protein % in SS
biuret protein
6.25?
*∆STN/∆SCOD
Specific growth rate, v (h-1)
SD
2

R

yield, Y SS/SCOD (∆SS/∆SCOD)
SD
R2

36%

45%

0.0135

0.00698

7.32E-04

0.00103

0.99

0.97

0.5057

0.0859

0.03699

0.02144

0.92

0.99

yield, Y STN/SCOD (∆STN/∆SCOD)

0.02225

0.01159

SD

0.00105

1.012E-4

0.96

0.99

0.1391

0.07244

0.3477

0.1811

2

R
Estimated yield of protein formation
Y STN*6.25/SCOD
Estimated yield of SS formation
Y STN*6.25/0.4/SCOD
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TABLE 4. Performance of PPW centrifuged juice and mixed slurry
for yeast growth.
centrifuged PPW
juice

mixed PPW slurry

8

8

S0, SCOD

5880

5600

SS

6190

7840

SCOD/SS

0.95

0.71

STN

252

248

P

226

141

2860

1490

fermentation time (h)
Initial condition

end of operation
SCOD
removal %
SS
STN

51%

73%

6920

9610

200

164

removal %

21%

34%

179

77

removal %

21%

45%

P

end product protein % in SS
biuret protein

46%

36%

6.25?
∆STN/∆SCOD

36%

30%

0.0135

0.0130

7.32E-04

0.00197

Specific growth rate, v (h-1)
SD
2

R

yield, Y SS/SCOD (∆SS/∆SCOD)
SD
2

0.99

0.94

0.5057

0.5175

0.03699

0.00315

R
yield, Y STN/SCOD
(∆STN/∆SCOD)

0.92

0.92

0.02225

0.02225

SD

0.00105

0.00105

0.96

0.99

0.1391

0.1391

R2
Estimated yield of protein
formation
Y STN*6.25/SCOD
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Objectives
The overall goal of the proposed project is to improve production efficiency and
increase the overall production of Chinese catfish statewide. This is to be
achieved by improving the profitability of this enterprise by identifying the most
cost effective commercial diet for use in the culture of this species.
Project Objectives
1. Conduct a thorough literature review of the nutritional requirements of
Clarias fuscus and other species with similar biological requirements.
2. Based on the literature review, develop and recommend different practical
feed formulations for Clarias fuscus for subsequent testing and evaluation.
3. Conduct an experimental feeding trial to compare current commercially
available feeds with the new feed formulations.
4. Conduct a thorough analysis of the results of the feeding trial from a
nutritional, production, and economic standpoint.

Anticipated Benefits
•
•
•

Information that would be useful for the identification of the most costeffective commercial growout diet.
Improved production efficiency of Chinese catfish production enterprises.
Increase in overall Chinese catfish production statewide.

Work Progress and Principal Accomplishments
Objective 1: Conduct a thorough literature review of the nutritional
requirements of Clarias fuscus and other species with similar
biological requirements.
With the assistance of Lois Cain and Carol Hasegawa and the PRAISE program,
a literature search for the existing literature of Chinese catfish and its relatives has
been completed and reviewed. In summary, no information was found regarding
the protein and fat requirements for the target species, Clarias fuscus. The
investigations that were found focused mainly on feeding frequency and comparison
of growth between different culture facilities and between diploid or triploid
individuals. There was one reference found that addressed protein requirements in
other Clarias species (e.g., C. batrachus) that indicated a diet containing 30%
crude protein resulted in optimal growth (Chuapoehuk 1987). This, however, is
contradictory to the preliminary evidence the project work group had obtained,
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and it would appear that direct testing with Clarias fuscus will be necessary to
obtain the desired outcome.
Objective 2: Based on a literature review, develop and recommend
different practical feed formulations for Clarias fuscus for
subsequent testing and evaluation.
The project work group members have been collaborating with the feeds program
at the Oceanic Institute with Warren Dominy, Ph.D., and Zhi Yong Ju, Ph.D., on
formulating test diets. The agreed-upon approach was to determine crude protein,
amino and fatty acid profiles, and minerals of (a) muscle tissue cultured/wild fish,
(b) whole fish cultured/wild, and (c) best performing commercial diet — and from
those results formulate test diets that can be used in the growout trials. With the
exception of the analysis of the fatty acid profiles, all of the other analyses have
been completed, and test diets are currently being formulated.
An example of the analyses being undertaken is the proximate analysis of cultured
and wild caught individuals. This work was conducted during the reporting period
and is being used to gain insight as to what some of the target nutrient levels should
be. For this purpose, two wild-caught (Kaneohe Stream) and two cultured
individuals were used to conduct proximate analysis from the Diagnostic
Laboratories at the University of Hawaii at Manoa. The data is summarized in
Table 1.
Major differences in crude ash, protein, and fat were detected between wild and
cultured individuals, although this is not an unexpected result. The fat content is
notoriously elevated in a variety of cultured fishes and ultimately deflates the crude
protein and ash levels. The amount of crude fat found in the wild caught specimens
(e.g., 21.9%) is relatively high in comparison to other fishes and will contribute to
the formulation of the test growout diets. Also, interesting to note is that there are
only a few differences in the mineral contents of both kinds of individuals; however,
there is a very noticeable difference in the iron content of the wild caught individuals.
Determining the reason for that difference would require further investigation. It
was agreed that a standard vitamin premix would be sufficient for use in the
formulated test diets and would not require any adjustments.
Objective 3: Conduct an experimental feeding trial to compare
current commercially available feeds with the new feed
formulations.
Adult catfish were spawned during the reporting period and are being grown up to
be used for the trials that will test the formulated diets. The availability of first
feeding catfish larvae provided an opportunity to investigate the ability of this species
to utilize commercially available feeds in comparison to a live food organism (e.g.,
Moina). The experiment was conducted as described by Tamaru et al. (2003)
and for a duration of 10 days.
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The average percent survival of larvae provided with various commercially available
diets and a live food organism is presented in Figure 1. There were three commercial
larval diets investigated, and they were Encapsulon III from Argent Chemical
Company ($7.21/lb.), Salmon Starter from Nelson Silver Cup ($1.10/lb.), and
Hikari Larval Diet from Aquatic Ecosystems Inc. ($12.50/lb.). No significant
differences were found among the various feed items presented to the first feeding
catfish larvae. Based solely on survival, the results clearly indicate that first feeding
Chinese catfish larvae are able to utilize a variety of commercial diets as an initial
feed item —a finding consistent with what has been reported in the literature for
other Clarias species (Verreth et al. 1987).
The individual body weights from each of the replicate tanks from each treatment
were determined, and the data summarized in Figure 2. There are no statistical
differences in the average body weight of larvae that were presented the commercial
diets. However, larvae that were provided the live food organism were significantly
larger than those that were provided the commercial diets. The data are consistent
with the practice of presenting first feeding Clarias gariepinus larvae with live
food for the first few days post hatching and then switching to a dry diet. Those
catfish larvae exhibit an advanced digestive system but lack a stomach and pepsin
digestion (Verreth et al. 1993).
In summary, based on survival and growth, the best treatment for first feeding
Chinese catfish larvae would be the live food Moina during the period when larvae
start their exogenous feeding. More than likely, Moina could be substituted with
Artemia nauplii as practiced previously and reported in the literature for other
Clarias species (Segner and Verreth 1995). While the growth of Chinese catfish
larvae is lower than growth seen when using live feeds, it is also clear that they will
survive and grow on dry diets without the use of live food organisms. Among the
commercial diets examined, Salmon Starter from Nelson Silver Cup is the least
expensive @ $1.10/lb. and would be suitable to recommend for use by Hawaii’s
growers.
Objective 4: Conduct a thorough analysis of the results of the
feeding trial from a nutritional, production, and economic
standpoint.
No progress made to date.

Work Planned
Objective 1. This objective is completed, and information obtained will be used
to support the production of a summary fact sheet and/or publication.
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Objective 2. Based on the results obtained, the plan is to formulate three test diets
all with 50% crude protein and one with high, medium, and low crude fat (e.g,
15%, 10% and 5%) content. In addition, a commercial diet (e.g., Moore Clarke
Marine Grower) will serve as a control.
Objective 3. Utilizing the formulated diets, growout trials will be implemented and
the resulting data summarized. In addition to these trials, it has also been decided
that growout trials using commercially available feeds will also be conducted. The
feeds already acquired are Moore Clarke Marine Grower, Silver Cup Trout, Silver
Cup Flounder (Clarias diet) and Silver Cup Catfish. This trial will be conducted
at the University of Hawaii at Manoa with the assistance of Harry Ako, Ph.D., and
two undergraduate students.
Objective 4. A summary of the results obtained will be produced in a manuscript
that will be submitted to a referee journal for publication. Likewise, a minimum of
two workshops will be held to disseminate the results to interested stakeholders.

Impacts
None to date.

Literature Cited
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Publications in Print, Manuscripts, and Papers
Presented
None to date.

Appendices
TABLE 1. Summary of proximate analyses of cultured and wild-caught
Chinese catfish. Values are the averages (N=2) and are in units of % dry
weight.
Category
dry matter
ash
protein
fat
Minerals
phosphorus
potassium
calcium
magnesium
sodium
boron
copper
iron
manganese
molydenum
zinc
selenium

Cultured

Wild

9.53
48.80
38.22

19.36
60.67
21.87

0.62
0.23
0.91
0.04
0.13
0.44
1.50
28.00
1.50
n.d.
14.50
n.d.

0.80
0.25
1.88
0.07
0.18
1.09
3.00
264.00
8.00
n.d.
19.50
n.d.
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FIGURE 1. Summary of percent survival of first feeding Chinese catfish
larvae presented various commercial diets and the live food item (Moina).
Note: Bars with ** are statistically different (P < 0.01) from each other.

FIGURE 2. Summary of average body weight of Chinese catfish larvae
provided a variety of commercial and live feeds. Bars that do not share an
alphabet are statistically different (P < 0.05) from each other.
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Post-Harvest Handling and
Storage of Limu, Year 2
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Reporting Period
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Funding Level

Year
1
2
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Participants

Robert E. Paull, Ph.D., Department Chair and Professor
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Objectives
1. Determine whether various post-harvest dips in calcium-nitrogen solutions
and hot water can assist in quality maintenance.
2. Determine whether modified atmosphere packaging can maintain quality and
extend post-harvest life.
3. Determine whether post-harvest treatments can minimize epiphytic growth.
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Anticipated Benefits
The anticipated benefits from this proposal are (1) technology transfer of
recommendations, (2) recommendations for pre-harvest calcium-nitrogen dips,
(3) recommendations for post-harvest storage temperature and maximum storage
duration for quality maintenance, (4) modified storage recommendations, and (5)
post-harvest dips to minimize microbial growth. These recommendations will be
released through newsletters and personal contact, as well as via extension agents
on a regular basis, to all known producers and wholesalers during the two years of
this project.

Work Progress and Principal Accomplishments
Objective 1: Determine whether various post-harvest dips in
calcium-nitrogen solutions can assist in quality maintenance.
No activity during this reporting period.
Objective 2: Determine whether modified atmosphere packaging
can maintain quality and extend post-harvest life.
Limu were purchased from either the Tamashiro or Maruki’s Market and test
installed on the day of purchase. Each treatment had three replications. Each
replication was dipped in heated seawater at three different temperatures for varying
durations. All samples were then cooled and stored at 17 oC in the dark. Limu
appearance was determined using a scale from 5 to 1; with 5 meaning as fresh as
at harvest, 3 not as marketable, and 1 completely discolored. The Minolta
Chromameter color values ‘a’ (red to green) and ‘b’ (yellow to blue) were measured.
A short treatment of moderate heat at 38 oC or 42 oC was beneficial toward maintaining
limu quality. The heat treatment maintained the overall appearance and delayed
deterioration by extending shelf life when stored at 17 oC. However, treatment at 42
o
C for longer than five minutes caused some damage. Treatment at 45 oC for five
minutes seemed to be even more effective in preventing discoloration of limu than
treatment at 38 oC, although 45 oC was at the upper temperature limit for hot water
treatment. After six days of storage at 17 oC, limu treated at the low and control
temperatures were still acceptable, while limu dipped at 45 oC for five minutes showed
a decline in appearance (Figure 1). Increased Chromameter ‘a’ and ‘b’ values, a
measure of discoloration, occurred mostly at higher temperatures (Figure 2).
When cultured green limu was treated with the same heat treatment (42 oC, 10
minutes), shelf life was reduced. This preliminary result suggested species variation
in tolerance and response to heat treatments, or treatments may be dependent
upon pre-harvest temperature conditions.
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Previous studies have shown that hot water dips of limu for 30 minutes at 42 oC
caused damage and shortened shelf life. Reducing exposure time to 10 minutes
minimized the adverse effect and prolonged shelf life. A hot water dip at 42 oC
was the optimal temperature for hot-water dipping for limu, and the duration should
be about 10 minutes to maintain appearance and extend post-harvest shelf life.
The last series of experiments have also shown seasonal effects in response to hot
water treatment and exposure time. This difference in tolerance has occurred in
the upper temperature limit at 45 oC and exposure duration at 42 oC.
The above experiments had shown that short treatments of moderate heat (38 oC
and 42 oC) were beneficial toward maintaining limu appearance and delaying overall
deterioration by extending shelf life when stored at 17 oC. The higher temperature
(42 oC) seemed to be more effective than 38 oC, provided the treatment was less
than 15 minutes. A treatment at 42 oC for 15 minutes seemed to be the upper limit
for treatment. Three temperatures and two dipping durations were tested to confirm
the initial treatment time and temperature relationship. The results showed that a
treatment at 45 oC caused damage even at the shortest duration tested (5 minutes),
indicated by a poor overall appearance and a loss of color shown by the
Chromameter ‘L’ value (Figures 3A and 3B). Ten-minute dips at both 38 oC and
42 oC extended shelf life. The increased Chromameter CIE “a” and “b” values
were an indication of discoloration, which occurred primarily in limu treated at 45
o
C (Figures 4A and 4B). Treatment of limu at 42 oC for less than 30 minutes was
the optimal hot water dipping treatment.
Other limu species and cultivars purchased from local markets were also tested.
When limu from Kona was hot-water dipped, both the green and red variants
showed an adverse effect on quality, shortening shelf life (Figures 5A and 5B).
Similar negative results were observed on the Robusta and wild limu from the
Island of Molakai (Figures 6A and 6B). These findings lead us to conclude that
the beneficial effect of hot water treatment on limu was cultivar specific. The variation
in heat tolerance may be related to an individual species’ original habitat.
Objective 3. Determine whether post-harvest treatments can
minimize epiphytic growth.
No activity on this objective during this reporting period.

Work Planned
One further run is planned to confirm the above heat treatment results. We are
preparing the final report for this project that ends on December 31, 2006.
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Impacts
The objectives of this project have been met, and we are just completing some
observations to complete the project on time. Supply and quality of available limu
has been a major problem in the last six months. We have managed to complete
planned research that was outlined in our last report. The only change in our
objectives was a greater focus in the last six months on the role of post-harvest
heat treatment on post-harvest life and quality.
In summary, the project has developed the following recommendations for
increasing storage life and maintaining quality: The optimal storage temperature for
Gracilaria salicornia is between 15 oC to 17 oC in the dark. This storage
temperature maintained quality but did not extend limu shelf life. The two-minute
and 60-minute post-harvest dips in calcium, ammonium, and nitrate did not extend
shelf life. Results from high-pressure processing suggested that pressures as low
as 100 Mpa would lead to loss in thalli color and cell membrane integrity. These
studies have given us a clear idea as to the changes that do occur post-harvest and
what are the best measures of these changes. We have shown that short treatments
of heat moderate (38 oC and 42 oC ) were beneficial toward maintaining limu
appearance and delaying overall deterioration by extending shelf life when stored
at 17 oC. Treatment of limu at 42 oC for less than 30 minutes was the optimal hot
water dipping treatment and has commercial possibilities.

Publications in Print, Manuscripts, and Papers
Presented
Paull, R. E. and N. J. Chen. 2006. Limu after harvest: Maintaining quality and
extending the shelf life of seaweed species (Gracileria spp.) popular in Hawaii.
Center for Tropical and Subtropical Aquaculture Regional Notes 17(2):4-7.
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Appearance scale
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FIGURE 1. The effect of different hot-water heat treatments on overall
appearance of limu.
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FIGURE 2. Effect of different hot-water heat treatments on the color ‘b’
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FIGURE 3. The effect of hot-water dips on the appearence and CIE ‘L’ value of G. salicornia during storage.
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Objectives
Overall Project Goal
Develop and transfer culture techniques for Hawaiian marine invertebrates to
promote economic opportunities without dependence on wild-caught specimens.
Project Objectives
1. Validation of captive maturation and spawning at pilot scale.
2. Determination of settlement substrate for mass culture of feather-duster
worms.
3. Field testing growout techniques of hatchery-produced feather-duster seed.
4. Production of a “How to” manual on the artificial propagation of featherduster worms.
5. Technology transfer in the form of journal articles, newsletter articles, and
workshops.

Principal Accomplishments
Objective 1: Validation of captive maturation and spawning at
pilot scale.
Oceanic Institute (OI): Captive maturation trials have been ongoing at the Oceanic
Institute for two consecutive years, combining both indoor (Year 2) and outdoor
(Year 3) trials. Food sources investigated have been both the use of cultured
phytoplankton and shrimp pond effluent. The shrimp pond effluent was found to
be excessive when used directly and even when diluted. Current outdoor trials are
testing the efficacy of two commercial phytoplankton diets, Nannochloropsis
oculata and a Shellfish Diet, both from Reed Mariculture. The shellfish diet is a
combination of four algaes. The results to date reveal that maturation of captive
broodstock worms can occur when fed Nannochloropsis oculata for both the
male and female sex. However, the stage of maturity in which spawning was induced
in wild-caught worms has yet to be achieved under the culture conditions tested to
date. Likewise, no natural spawning of captive broodstock has been achieved to
date with both indoor and outdoor captive broodstock trials. Captive maturation
and natural spawning remain challenges that require further investigation.
Hawaii Institute of Marine Biology (HIMB): For unknown reasons, spawning
trials held during the initial period (October 2004–December 2004) of the Year 3
project did not result in successful spawnings, as reported in previous years. A
closer examination of the appropriate stage of maturity for inducing spawning was
decided as the corrective action.
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Wild-caught worms in waters surrounding HIMB have been undergoing routine
histological examination for the possession of sexually mature gametes for at least
two consecutive years. A description of the various stages of sexual maturation for
both sexes was conducted during the no-cost extension period. Examples of the
various histological stages of maturation are summarized in Figure 1. The maturation
stages are outlined below:
Female
Stage 1: No germ cells or coelomocytes are visible in the coelomic cavity (Sex
cannot be differentiated).
Stage 2: Only coelomocytes can be seen free floating in the coelom (Sex cannot
be differentiated).
Stage 3: Immature oocytes (io) and coelomocytes are visible in the coelomic cavity.
Stage 4: Mature oocytes pack the coelomic cavity.
Male
Stage 3: Characterized by the presence of coelomocytes and spermatids.
Stage 4: Differentiated by a coelom densely packed with mature spermatozoa.
During the previous reporting period the slides were examined and the data
summarized in order to determine the extent of the natural spawning season of this
worm in Hawaiian waters. During the no-cost extension period the changes in
stages of maturity were also examined in relation to environmental changes (e.g.,
water temperature and day length). This information until now has yet to be
determined. The data indicate that a small percent of the wild population can be
found at the stage of maturation (Stage 4) where spawning can be induced between
March through December. This observation means spawning can be induced over
a much broader time period than previously thought (e.g., October through
December). The average stage of maturation for both males and females was
plotted against temporal changes in day length and average monthly water
temperatures in Kaneohe Bay. Various regression analyses of the data was
conducted in order to find a statistical model that would account for the wide
variation in maturation that was observed. No correlation could be detected in the
temporal changes in maturational stages versus day length. In contrast, one model
was found that could explain a significant amount of the temporal variation observed
in maturity of both sexes and water temperature. The model: y=[(12.59(X) –
0.249 (X2)] – 156.33, where y = mean maturation stage and X = mean water
temperature significantly accounts for 63% of the variation observed in changes in
average stages of maturation R2 = 0.63; P < 0.001. As can be seen in Figure 2, the
shape of the statistical model also indicates a broad peak in reproductive activity
during the months that have average water temperatures between 25 oC–26 oC.
The histological data also revealed conclusively that the feather-duster worm is a
hermaphrodite with sperm and eggs present in the same individual. Early indications
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are that the feather-duster worm is a sequential protandrous hermaphrodite starting
out with a preponderance of males and changing into females as they grow in size
(Figure 3). Confirmation, however, will require a much more intensive sampling
scheme that covers worms of all sizes and is currently beyond the scope of the
current project. Still, it should be pointed out that this finding is a new one for this
species of worm.. Likewise, it is not known whether the hermaphrodite responds
to the technique of inducing it to spawn and may have been a contributing factor to
the poor responses experienced earlier in the project.
Spawning trials were attempted in June, July, and August of 2005, and successful
induction of spawning was achieved during the months of June and July, although
at a very low percent of success (1 of 4 trials). Spawning was achieved only when
female worms where characterized as Stage 4 (e.g., possessed abundant oocytes
that were freely floating in the coelomic cavity). Although spawning could be
achieved, finding individuals of the appropriate stage of maturity was a challenge
during this time of year. For example, in the June trials, only three females out of
60 worms were found to be at a suitable stage of maturation; in July, only three
females out of 58 and, in August, out of 60 worms none were found to be at Stage
4. Using spawning data from all three years of the CTSA-supported project, the
percent success in achieving spawning was significantly highest in the months of
October, November, and December (Figure 4). It would appear that while there
are individuals that are capable of spawning in the wild over a much broader time
period than previous thought, the peak period for spawning activity clearly is October
through December, a period that coincides with a drop in water temperature.
Objective 2: Determination of settlement substrate for mass
culture of feather-duster worms.
Because of the poor spawning results during the earlier portion of the project, this
objective had to be put on hold in 2004. The off season spawning trials, however,
provided an opportunity to conduct preliminary settlement trials, one of which
was initiated in July 2005. The larvae that resulted from the one successful spawning
were stocked into a 200-L fiberglass tank that was equipped with a single airstone
for aeration and plastic mesh netting as well as filled with filtered seawater in a
closed system. Feeding of larvae occurred on the seventh day after hatching or
during the time period when settling is known to be taking place. Larvae were fed
live Chaetoceros sp. once a week. A very encouraging result of this trial has only
recently been obtained and is summarized in Figure 5. Settled worms are clearly
visible on the bottom of the tank, along the sides of the tank, and among the plastic
mesh netting. However, a clear preference for settlement was observed for the
three inch airstone, as indicated in the photograph (Figure 5). The density of settled
worms on the various substrata is also summarized in Table 1.
While there is a larger number of settled worms on the plastic mesh netting when
expressed in terms of area (e.g., ft 2 ) than the number on the sides or bottom of the
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rearing tank, the observed density pales in comparison to what is observed on the
airstone. The number of settled worms extrapolates to more than 1,800 individuals,
when calculated on a per square foot basis. It should be pointed out that air was
continuously being pumped through the airstone and the larval feather-duster worms
would have to actively swim and settle on the stone to remain at the density
observed. This result has been confirmed during the no-cost extension period with
an additional replicated trial with similar results. Clearly, the airstones, with or
without aeration, provide a desired substrate for settlement by these worms.
Objective 3: Field testing growout techniques of hatchery produced
feather-duster seed.
While additional settlement experiments still need to be carried out, other items
that are important in the growout of cultured worms can be inferred from
investigations on wild worms. For example, the distribution and abundance of
feather-duster worms in a protected marine environment like HIMB (Figure 6)
should provide some indication of what the growout requirements might be for this
species.
From the information obtained from this activity, it is clear that the south edge of
Coconut Island is a preferred habitat of the feather-duster worm. Water quality
parameters and total suspended solids (TSS) were found to be similar with other
sites. Water motion and occurrence of coral substrate, however, was found to be
significantly higher at this particular location. The increased water motion is consistent
with a higher density of worms as food in the water column has a higher probability
of reaching the worms. The 100 ppm TSS value detected around the waters of
HIMB may also serve as an indicator of the level of food required to support
feather-duster worms in the wild. It also provides a baseline for determining the
optimal amount for feeding worms under cultured conditions.
The kinds of substrate that feather-duster worms inhabited were also investigated
to provide insight into the settling substrate and possible locations of placing a
growout farm; this work is summarized in Figure 7. Clearly, the association of the
worms with live coral is one factor that needs to be taken into consideration to
optimize successful growout of the worms. It is thought that the coral provides
protection from predation, resulting in a higher abundance. It is interesting to note
that the feather-duster worm also settles on floating dock structures, indicating
that larvae freely swim and can utilize a floating platform for growout. Thus, a
growout facility could utilize more than a single dimension in its design. The data
presented has been summarized in a manuscript and was submitted to the peerreviewed journal Pacific Science for publication during the no-cost extension
period.
Feeding trials using Chaetoceros sp. have been repeated at HIMB with this trial,
including sufficient replication to insure acceptance in a peer-reviewed journal. A
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summary of the results obtained is provided in Figure 8. The data are consistent
with the previous trial conducted during the Year 1 project: when worms are
provided with a live food at levels above that found in the wild, they will grow at a
significantly (P < 0.01) elevated rate and achieve market size within one year. A
manuscript summarizing the results obtained under this objective is in preparation
for submission to a peer-reviewed journal.
Objective 4: Production of a “How to” manual on the artificial
propagation of feather-duster worms.
This objective has been put on hold, as not all of the information required to
produce a quality manual has yet to be obtained. However, during the no-cost
extension period, an AquTips article summarizing the highlights of the information
to date was prepared and printed in the March 2006 issue of CTSA’s Regional
Notes.
Objective 5: Technology transfer in the form of journal articles,
newsletter articles, and workshops:
Although no workshops have been held to date, the other forms of disseminating
the technology developed during the project period included two presentations
and four published articles (see the Publications section of this report). Four more
manuscripts are either submitted to a journal or in preparation (see below):
Bybee, D. R., J. H. Bailey-Brock, and C. S. Tamaru. Submitted. Distribution of
the fan worm Sabellastarte spectabilis around Moku O Lo’e (Coconut Island)
in Kane‘ohe Bay, (O‘ahu, Hawai‘i). Pacific Science.
———. In Prep. Gametogenesis and spawning periodicity in the fan worm
Sabellastarte spectabilis (Grube 1878).
———. In Prep. Settlement and substrate preferences of the fan worm
Sabellastarte spectabilis in controlled conditions.
———. In Prep. Molecular and morphological evidence of relationships among
the Sabellastarte (Polychaeta: Annelida).

Impacts
Advancements in the artificial propagation of marine species have led to the belief
that culturing marine ornamental organisms can alleviate some of the fishing pressure
on wild stocks as well as create small- or large-scale industries. Commercially
cultured feather-duster worms would provide an alternative source of animals for
the aquarium trade and would also ease the burden on coral reefs caused by
current collecting practices. High demand suggests that this type of aquaculture
also has the potential to provide substantial economic benefits to commercial farmers
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(DLNR catch data 1986–1994). Realization of this potential, however, will hinge
upon the successful development of culture technologies that are cost effective
enough to overcome the economic constraints of doing business in Hawaii.
Progress made over the course of the projects has also resulted in an increased
knowledge base in the reproduction and ecology of the species. While there are
no economic impacts to date, because of the paucity of information on the biology
of the species and for polychaete worms in general, the spawning technique, larval
development, distribution and abundance have broadened the base of scientific
information.

Recommended Follow-up Activities
•
•

Additional funding is being solicited to complete the work started. Currently,
an RFP has been submitted to CTSA for review.
Dave Bybee is currently summarizing the remaining data and preparing for
the completion of his dissertation in partial fulfillment of his Ph.D. from the
Department of Zoology, University of Hawaii at Manoa.

Publications in Print, Manuscripts, and Papers
Presented
Bybee, D. R. 2005. Spawning periodicity and gametogenesis in the fan worm
Sabellastarte spectabilis. Abstract in Pacific Science 55(1):100.
Bybee, D. R. 2005. Vermiculture of feather-duster worms in Hawaii. Presentation
made at the Hawaii Aquaculture Association Annual Conference, May 26,
Windward Community College in Kanehoe, Hawaii.
Bybee, D. R., J. H. Bailey-Brock, and C. S. Tamaru. 2004. Reproduction and
larval development of Sabellastarte spectabilis (Grube 1878)
(Polychaeta:Sabellidae) in Hawaiian waters. In Proceedings of the 8th
International Polychaete Conference, July 5–9, in Madrid, Spain.
———. Forthcoming. Larval Development of Sabellastarte spectabilis in Hawaiian
waters. Scientia Marina.
———. Forthcoming. Evidence for sequential hermaphroditism in the fan worm
Sabellastarte spectabilis. Pacific Science.
Tamaru, C. S., D. Bybee, J. Bailey-Brock, D. Ziemann, and T. Ogawa. 2006.
AquaTips: Developing techniques for the artificial propagation of the feather-duster
worm (Sabellastarte spectabilis) in Hawaii. Center for Tropical and Subtropical
Aquaculture Regional Notes 17(1):4–6.
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Appendices

FIGURE 1. (A) Stage 1 in which no germ cells or coelomocytes are visible in the coelom, d =
dorsal epidermis and v = ventral epidermis. (B) Stage 2 in which only coelomocytes (co) can be
seen freely floating in the coelom, bv = blood vessel. (C) Female Stage 3 in which immature
oocytes (io) and coelomocytes are visible. (D) Female Stage 4 in which the coelom is full of
mature oocytes, n = nucleus, no = nucleolus, cp = cytoplasm. (E) Male Stage 3 is characterized
by the presence of coelomocytes and spermatids (st). (F) Male Stage 4 is differentiated by a coelom
densely packed with mature spermatozoa (s), g = gut.
112 n Center for Tropical and Subtropical Aquaculture

Aquaculture of Marine Invertebrates

TABLE 1. Summary of density of settled feather-duster worms on various
substrates.

FIGURE 2. Correlation
of mean maturation
stages for male and
female feather-duster
worms against average
monthly water temperatures.

FIGURE 3. Change in
percent composition of
sexes in relation to size
class of the featherduster worms. Numbers
in parenthesis indicate
number of individuals
examined. (small = 6–8
mm, medium = 9–10 mm
and large 11–13 mm).
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FIGURE 4. Summary
of percent spawning
success obtained during
various months of the
calendar year. Values in
parenthesis represent
spawning attempts, and
bars that do not share
the same alphabet are
significantly (P < 0.05)
different from each
other. (NA = No
Attempts due to lack of
mature individuals)

FIGURE 5. Photographs of settled worms (arrows) on various objects in a fiberglass larval rearing tank.
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FIGURE 6. At three
different depths in the
surrounding waters of
Moku o lo’e, featherduster worms or fan
worms have different
vertical distribution and
abundance. The y-axis is
a measure of mean
individuals per m² ( n =
number of quadrats) and
the x-axis represents site
location. Lines above
bars are standard
deviations.
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FIGURE 7. Summary of abundance on various substrates located at the
Moku O Lo’e Island. The y-axis is a measure of mean individuals per m²
( n = number of quadrates) and the x-axis represents substrate type. Lines
above bars are standard deviations. All values were significantly different
(P < 0.001) from each other.
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FIGURE 8. Comparison of the growth between feather-duster worms
provided a live phytoplankton (e.g., Chaetoceros sp.) and those receiving
seawater from Kaneohe Bay.
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Marine Ornamentals Phase II:
Mass Culture Techniques
for Pygmy Angelfish and
Broodstock Management of
Hawaiian Wrasse, Years 1 and 2
General Information
Reporting Period

January 1, 2004–December 31, 2004; no-cost extension through December
31, 2005 (Year 1, final report)
January 1, 2005–September 30, 2006

Funding Level

Year
Amount
1
$100,000
2
$100,000
TOTAL $200,000

Participants

Charles W. Laidley, Ph.D., Director
Finfish Department, Oceanic Institute
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Objectives
Year 1
1. Validate husbandry procedures developed for large-scale production of flame
angelfish eggs.
2. Assess the reproducibility of preliminary mass rearing techniques developed for
flame angelfish larvae.
3. Develop appropriate weaning protocols for juvenile flame angelfish.
4. Disseminate information on flame angelfish culture techniques and rearing
performance.
5. Optimize culture conditions for zooplankton suitable as prey for marine ornamental
fish larvae.
Year 2
1. Refine mass culture techniques and demonstrate protocol for commercial-scale
production of flame angelfish.
2. Initiate on-farm testing of flame angelfish culture technology.
3. Test the physical conformity of captured versus farmed flame angelfish.
4. Establish and monitor broodstock populations of an endemic Hawaiian wrasse
species.
5. Provide an industry workshop to convey and demonstrate the latest findings
on flame angelfish culture techniques and spawning performance of captive
wrasse.

Anticipated Benefits
Successful completion of this project will assist the aquarium industry by
providing hatchery techniques to culture several species of marine ornamentals,
thereby offering a more environmentally sustainable alternative to wild collection
practices. Consistency in production would ensure a solid base for development
of an industry and transfer of reliable technologies. Techniques to mature and
spawn the species chosen could be transferred to other highly desired
ornamental fish, such as yellow tang, allowing for the rapid development of new
aquacultured species. Several benefits, apart from cost savings, will accrue to
the industry from the financial investment in research and development of
captive propagation, including new economic development, job creation, and an
increased emphasis on the importance of maintaining coastal resources.
Additional economic benefits will flow throughout the industry, strengthening
aquarium and pet retail stores and benefiting consumers with healthier fish.
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Work Progress and Principal Accomplishments
The initiation of Phase II of this marine ornamental project was targeted for early
2004. However, storm damage to the Doherty Research Hatchery Facility at the
Oceanic Institute (OI) and slow progress in scaling up flame angelfish broodstock
populations due to recurrent disease issues delayed project initiation until late in the
year. Once initiated, limited production of eggs from angelfish broodstock further delayed
primary objectives. Fortunately, these initial obstacles were successfully overcome
through the commissioning of improved quarantine and broodstock holding systems
and a switch from water derived from shallow saltwater wells to sterilized ocean water.
The switch in source waters has clearly resulted in a dramatic improvement in daily
fertility rates with 18 flame angelfish pairs now spawning on a regular basis, setting the
stage for efforts to refine larviculture technology for this difficult-to-rear marine ornamental
reef species. The overall goals of this phase of the project is to develop large-scale
production methods for flame angelfish, transfer these techniques to industry, and assess
the commercial feasibility of culture operations.
Year 1
Objective 1: Validate husbandry procedures developed for largescale production of flame angelfish eggs.
Over the first year of this project, the successful scaling up of production of flame
angelfish eggs was limited by a combination of parasitic disease outbreaks and
limited production of viable eggs. The recurrent outbreaks of ectoparasites
(Amyloodinium ocellatum and/or Crytocaryon irritans) was not experienced
in earlier research efforts with pygmy angelfishes and steadily worsened through
the initial stages of this project. After multiple attempts to scale up flame angelfish
broodstock populations proved unsuccessful, we reexamined both our fish source
and quarantine protocols with varying levels of effectiveness. New fish stocks
typically came in with relatively high occurrence of visible ectoparasites, which
seemed to disappear after prophylactic freshwater dips and extended quarantine
periods with prophylactic hydrogen peroxide treatments. Following quarantine,
new stocks were repeatedly stocked into broodstock holding systems with early
signs of success as evidenced by strong feeding response and initiation of egg
production. However, after about one month, reproductive output began to fade,
and we began experiencing chronic mortalities requiring restocking of tanks and
subsequent repeating of these experiences. This experience led our research team
to consider other factors, including possible effects of water quality on fish health
and egg production. Early efforts through detailed water quality analysis were
unsuccessful in identifying potential causes despite comphrensive analyses of water
quality, screening for pesticides, heavy metals and complete elemental analyses.
In February 2005, we switched water sources from the OI/Sea Life Park well
water to sterilized ocean water from the Makai pier. Immediately upon introduction
of sterilized ocean water to the system, flame angelfish broodstock egg production
(Figure 1) and fertilization rates (Figure. 2) improved dramatically, and they have
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continued improving to this date. In addition, the chronic disease outbreaks and
mortality issues have fully abated leading us to hypothesize that some component
of the OI water was stressing flame angelfish broodstock, making them more
prone to opportunistic pathogens such as Amyloodinium and Cyrptocaryon.
The cause of this water source effect is currently under investigation (under NOAA
funding) in a replicated trial examining the effects of water source on broodstock
health, reproductive performance and egg quality.
Since conversion to ocean water, we have seen a steady increase in monthly egg
production with monthly totals of over 10,000 eggs/day yielding monthly totals of
more than 350,000 eggs. The conversion to ocean water has also allowed us to
expand our broodstock population from 12 to 18 mated pairs, of which 15 pairs
are now spawning regularly. It is also anticipated that parallel research on broodstock
nutrition will lead to further increases in egg production as well as yield higher
quality eggs with greater ability to thrive through the pre- and early-feeding stages.
Another area of recent focus in our efforts to scale up egg production was the
observation that despite steady increases in egg production and improvements in
egg fertilization, many of the supposedly “good” eggs were arresting partway through
embryonic development and therefore not viable at the time of collection. Therefore,
beginning in 2005, we initiated documentation of viability rates, in addition to total
egg production and fertilization rates, as a more appropriate indicator of usable
eggs for culture activities. In only five months, we successfully scaled up production
of viable eggs from approximately 20,000 eggs per month to more than 100,000
eggs per month (Figure 3). We attribute the rapid increase to improved methods
of broodstock husbandry, a more diversified diet regime, and improved egg
collection and handling techniques.
In summary, at the end of Year 1, we have resolved difficult challenges related to
broodstock health and greatly increased the supply of viable eggs available for
hatchery efforts. It is anticipated that stock health and egg production will continue
to increase, further assisting in our long-term goal of developing a commercially
viable technology for rearing difficult-to-rear ornamental reef species in captivity.
Objective 2: Assess the reproducibility of mass rearing techniques
developed for flame angelfish larvae.
With the development of improved copepod production and significant increase in
the daily supply of viable flame angelfish eggs, we were able to reinitiate larviculture
research on flame angelfish. Initial efforts focused on stocking 200-L larval rearing
tanks with eggs and copepod nauplii for examination of early larval performance.
However, initial efforts yielded very poor survival (< 3%) to the first feeding stage
(three days post hatch), leading us to conduct a number of short-term trials
investigating possible environmental parameters that could affect survival prefeeding.
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The first investigation examined the effect of water source, comparing hatching
rates and early survival, using OI water, degassed OI water, and ocean water.
Initially, eggs were removed from the broodstock system, and, upon transfer to
the hatchery, they were placed in the OI supply water for incubation and hatching.
Due to the significant impact of water source on egg production, we investigated
the potential effects of water source on flame angelfish hatch rate and early survival.
Under this trial, hatch rates and survival to day one were generally satisfactory,
with survival rates slightly (10–12%) better using ocean water than with either
normal or degassed OI water (Figure 4).
Although water source effects were small (not significant at P < 0.05), the effects
on day one (Figure 4) and especially day three larvae (Figure 5) were much larger.
Initial examinations of water quality parameters — including dissolved oxygen,
pH, ammonia, and nitrate in tanks with and without live feeds (live algae and
copepods) — on day one revealed relatively normal levels of all tested variables
and only a slight negative impact of feed additions on pre-feeding survival (Figure
5). More important, there was extremely poor survival in all treatment groups
from hatch to day three suggesting additional factors were affecting pre-feeding
larval survival.
After examining a number of water quality and feed issues we began exploring
physical parameters, in particular the effect of aeration rates. Trials examining the
physical effects of aeration on the delicate pre-feeding larvae were shown to have
a large impact on larval survival from hatch to day three (Figure 6). This finding
suggests that flame angelfish larvae are highly sensitive to physical factors such as
aeration or handling and are far more delicate than any of the species we have
previously cultured. Ongoing efforts will incrementally work our way through
larviculture methods in attempts to develop the necessary larviculture technology
for rearing this and other difficult-to-rear marine ornamental species.
Having overcome the significant challenges of first not having sufficient eggs, and then
not enough larvae with which to work, our future trials will investigate various larval
feeding regimes in an effort to scale up larval production to commercial levels.
Objective 3: Develop appropriate weaning protocols for juvenile
flame angelfish.
Unexpected challenges encountered in scaling up flame angelfish egg production and
required focus on early larval rearing stages has thus far precluded generating sufficient
numbers of flame angelfish juveniles to conduct the replicated weaning trials. Given
recent experience, our approach will be to systematically work our way through hatchery
procedures with current efforts still focused on first feeding and early larval survival.
Weaning trials, as outlined in the Year 1 proposal, will be addressed upon getting
sufficient numbers of flame angelfish late stage larvae to that phase of development.
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Objective 4: Disseminate information on flame angelfish culture
techniques and rearing performance.
Over the project period, we began transferring marine ornamental and copepod
culture technologies through a workshop on the use of copepods for culturing
Hawaiian marine finfish at OI’s Oceanic Learning Center in November 2004, a
presentation on yellow tang culture technology at the Hawaii Aquaculture
Association meeting at Windward Community College in Kaneohe in May 2005,
and a new HPU undergraduate course on Culture of Marine Ornamentals (held in
June and July of 2005). This technology transfer objective will be increased toward
the end of the project, with the goal of fully transferring developed culture
technologies to industry stakeholders.
Objective 5: Optimize culture conditions for zooplankton suitable
as prey for marine ornamental fish larvae.
Over the first year of the Year 1 project, we continued to refine and scale up
methods for culturing Parvocalanus copepods and also initiated efforts to recruit
other zooplankton as suitable prey for marine ornamental fish.
The more developed Parvocalanus culture technology currently consists of
replicated stock, intermediate, and production systems for generation of
broodstock and nauplii production. Stock cultures are maintained in 2-L culture
flasks, which are harvested twice weekly, moved to clean vessels, and fed
with equal mixtures of Isochrysis and Chaetoceros microalgae at a density of
150,000 cells/mL (Figure 7).
For scale-up, cultures are sequentially increased from 2-L through 25-L and 250L intermediate culture systems before stocking in 1,500-L production tanks. We
are currently refining production system design, operation and harvest procedures
to reduce effort and increase system output (Figure 8). When live algae are short,
we have also successfully used algae paste to maintain large-scale cultures, although
the paste product does not support culture growth or nauplii production.
Under current production protocols, we generate excellent production from smallscale stock cultures (adults = 1.1/mL nauplii = 13/mL) but experience significant
reductions in densities with increasing scale of cultures; with intermediate (250-L)
cultures at 0.7 adults/mL and 3.5 nauplii/mL and 1,500-L cultures at 0.5 adults/
mL and 1.3 nauplii/mL. Ongoing research under both CTSA- and NOAA-funded
activities are working on culture refinements to increase nauplii production in largescale culture systems to levels similar to those currently achieved in small-scale
cultures. For example, recent refinements in culture restocking methods with 100%
nauplii removal once a week to leave only adults and copepodites has increased
nauplii production more than threefold in intermediate cultures and allowed stock
(2-L) culture to achieve average densities of 55 nauplii/mL.
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Efforts were also initiated to isolate and culture a local Acartia species of calanoid
copepod using similar methods as currently employed for the culture of
Parvocalanus. Stock cultures were initially collected using both 100 µm tow nets
and 38 µm sieves on pumped water off the Makai pier directly across from OI.
Collected material was returned to the laboratory, where samples were further
fractionated, rinsed in filtered seawater, and individually isolated under a microscope
— as well as to obtain stock Acartia cultures. After being fully cleaned, animals
were stocked in 2-L culture vessels and handled in the same manner as stock
Parvocalanus cultures, cleaned twice a week and fed daily with Isochrysis and
Chaetoceros microalgae at a density of 150,000 cells/mL. Figure 9 demonstrates
daily production of adult, copepodite, and nauplii in the 2-L stock culture system.
During the Year 1 project period, we also explored the possibility of using mixed
wild zooplankton assemblages (38–100 µm in size and fractioned) in place of
copepod monocultures to deliver a wider variety of small zooplankters for
larviculture efforts. Due to the relatively low density of zooplankton in waters off
the Makai pier, catch per unit effort was relatively high and collections included a
wide variety of unwanted and detrimental species, with the bulk being crab zooea,
with small amounts of calanoid and harpacticoid copepods. Other organisms
observed were nematodes, lobster larvae, jellyfish, veligers, and eggs. Such a
wide array of detrimental species would likely limit this approach to research
activities, as commercial operations could not afford the likely biosecurity risk
posed by this approach.
Year 2
Objective 1: Refine mass culture techniques and demonstrate
protocol for commercial-scale production of flame angelfish.
Prior research efforts have demonstrated the need for expanded broodstock
populations in order to generate sufficient numbers of viable eggs for commercialscale larviculture trials. We have since scaled up our flame angelfish broodstock
population to 18 pairs, allowing for as many as 23,000 eggs per day to be collected
(Figure 10). It can be seen in Figure 10 that we were able to sustain consistent,
year-round, daily egg production from multiple spawning pairs. On average, pairs
produced 800–1,000 eggs daily. However, it was not uncommon to encounter
single spawns of more than 2,000 eggs once the fish had become conditioned.
With the development of improved copepod production and significant increase in
the daily supply of viable flame angelfish eggs we were able to reinitiate larviculture
research on flame angelfish. Currently, hatchery trials are underway testing new
protocols for the first few days of the larval rearing cycle for flame angelfish. By
increasing survival through the first few days of larval rearing, we should greatly
increase the numbers that will come out through the end of the larval rearing period
and facilitate large-scale production of juveniles.
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Objective 2: Initiate on-farm testing of flame angelfish culture
technology.
Groups of flame angelfish broodstock and associated tanks and equipment were
moved to the North Shore of Oahu for on-farm testing at Mangrove Tropicals
Inc. Unfortunately, prior to significant testing of this fish and equipment, Mangrove
Tropicals was unable to sustain this project due to financial reasons. Mangrove
Tropicals ceased operations, and further on-farm testing could not be completed.
Therefore, the flame angelfish rearing technologies developed at OI could not be
commercially implemented on this farm site as proposed.
Objective 3: Test the physical conformity of captured versus
farmed flame angelfish.
Comparisons have not yet been made, as we have not yet produced sufficient
numbers of cultured juvenile flame angelfish. Significant mortality in the early larval
rearing phase has prevented us from successfully producing large numbers of
juvenile flame angelfish. However, considerable refinement to our early larval rearing
procedures should now allow for greater numbers of fish to make it through to the
juvenile stage. Once we have sufficient cultured fish to utilize, comparisons will be
made between cultured and wild-collected flame angelfish.
Objective 4: Establish and monitor broodstock populations of an
endemic Hawaiian wrasse species.
Efforts are currently underway to recruit and condition several broodstock groups of
Hawaiian flame wrasse (Cirrhilabrus jordani). We have established excellent
relationships with several local aquarium fish importers and collectors who are actively
searching for these fish for us. According to our primary marine ornamental fish supplier
(Richard Xie of Hawaiian Sealife Inc.) the Hawaiian flame wrasse population this year
appears to be much smaller than in years past, making it difficult for divers to collect
this species. Though he currently has divers on the islands of Oahu, Maui, and Hawaii
searching for them for us, we have only been able to recruit one male flame wrasse to
date, and no females. We will continue working with our suppliers to establish broodstock
pairs so that we might evaluate their potential for culture.
Objective 5: Provide an industry workshop to convey and
demonstrate the latest findings on flame angelfish culture
techniques and spawning performance of captive wrasse.
A workshop covering the current status of marine ornamental fish aquaculture
research was held at the Oceanic Institute on April 5, 2006. The seminar covered
all the latest and up-to-date information on OI’s marine ornamental fish aquaculture
research, including flame angelfish and yellow tang broodstock conditioning,
copepod and live algae production, and larval rearing methods. The seminar was
followed by an in-depth tour of OI’s marine ornamental fish broodstock maturation
labs, hatchery, and live feeds production areas. Both the seminar and tour were
well attended by members of industry, community, and OI staff.
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Work Planned
The following research work is planned under the remaining period of Year 2 of Phase
II of this project:
• Continuation of efforts to improve broodstock husbandry and scale up
production of viable eggs toward scale up of flame angelfish juvenile production.
• Continuation of effort to scale up cultures of both Parvocalanus and Acartia
copepods toward increased capacity for larval rearing in captivity.
• Initiated flame angelfish pilot-scale rearing trials, with emphasis on improving
post-larval survival rates.
• Scale-up of larval rearing production methods.
• Technology transfer through CTSA-sponsored workshops and publications .

Impacts
The ultimate goal of this project is to assist in the development of a marine ornamental
aquaculture industry in Hawaii and the Pacific. This endeavor represents a key
economic opportunity for farmers in the state of Hawaii and U.S.-affiliated Pacific
Islands, such as Guam, for several reasons. First, there is a worldwide void in
aquaculture production of marine ornamental species. It is estimated that less than
5% of all marine ornamental species traded on the open market are cultured and
that the actual numbers of aquaculture-raised fish traded is miniscule compared to
those traded by collectors. This situation is unlike the one currently faced by
freshwater ornamental farmers in Hawaii, who compete in markets with wellestablished foreign and other domestic producers.
Second, it is well known that the health of coral reef ecosystems around the world
is being severely degraded and that wild collection practices are likely unsustainable
unless alternatives are sought. Moreover, the Hawaiian islands are home to more
than 85% of the coral reefs in the United States, giving the region good positioning
for developing an aquaculture-based industry. Success of this project will not
only provide new economic opportunity to farmers but also help ensure the longterm sustainability of the marine ornamental trade by providing alternatives to wild
collection practices and a means to practice resource conservation.
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Publications in Print, Manuscripts, and Papers
Presented
Callan, C. 2006. Effect of copper on reproduction, embryonic development, and
survival of marine ornamental fish. Presentation made at the World Aquaculture
Society event Aquaculture America 2006, February 13–17, in Las Vegas, Nevada.
Laidley, C. W. 2003. Research and development on yellow tang and pygmy angelfishes
at the Oceanic Institute in Hawaii. A presentation made at the Marine Aquarium
Conference of North America, Sept. 5–7, in Louisville, Kentucky.
———. 2004. Production of marine finfish using copepods. Presented at an OIsponsored workshop on the use of copepods for culturing Hawaiian marine finfish,
November 30, at the Oceanic Institute in Waimanalo, Hawaii.
———. 2005. Yellow tang culture development. Presented at the annual Hawaii
Aquaculture Association Meeting, May 25, at the Windward Community College
in Kaneohe, Hawaii.
———.. 2006. Revitalization of Hawaiian fishponds. Presented at the Hawaiian
Business Conference & Exposition event held at the Hawaii Conference Center,
May 18, in Honolulu, Hawaii.
———. 2006. Current status of marine ornamental research at the Oceanic Institute.
Presented at a seminar series sponsored by the Hawaii Institute of Marine Biology
Seminar Series, University of Hawaii at Manoa, July 5, in Kaneohe, Hawaii.
Laidley, C. W., A. F. Burnell, R. J. Shields, A. Molnar, and T. Kotani. 2004. Marine
Ornamentals: Captive culture progress at the Oceanic Institute.Global Aquaculture
Advocate 7(2):53–54.
———. 2004. Research and development of marine ornamentals at the Oceanic
Institute in Hawaii. Presentation made at the annual conference Marine Ornamentals,
March 1–4, in Honolulu, Hawaii.
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FIGURE 1. Total
monthly egg production
during 2004 and 2005
for flame angelfish. Eggs
were characterized as
infertile, fertile inviable,
or fertile viable. The
arrow indicates the
switch of system water
from saltwater wells to
sterilized ocean water.
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FIGURE 2. Flame
angelfish mean (n = 12)
monthly fertility rate
during 2004 and 2005.
The arrow indicates the
switch of system water
from saltwater wells to
sterilized ocean water.

Fertilization Rate

60
50
40
30
20

Dec

Nov

Oct

Sept

Jul

Aug

Jun

Apr

May

Mar

Jan

Feb

Dec

Nov

Oct

Sep

Jul

Aug

Jun

Apr

May

Mar

Jan

0

Feb

10

Month

FIGURE 3. Total
monthly viable egg
production (n = 12
pairs) for flame angelfish from August though
December 2005.

Viable Eggs Produced per
Month

Flame Angelfish Total Monthly Viable Egg Production
August - December 2005
120000
Viable Eggs

100000
80000
60000
40000
20000
0
Aug

Sept

Oct

Nov

Dec

2005

Flame Angelfish Hatch Rates and Day 1 Survival
Ocean Water vs. OI Water vs. OI Water Degased
Hatch Rate
% Survival to Day 1

80
70
% Hatch/Survival

FIGURE 4. Flame
angelfish mean hatch
rates and day 1 survival
(n = 4) in ocean water,
OI/SLP water, and OI/
SLP water degassed.

60
50
40
30
20
10
0
Ocean

OI/SLP

OI/SLP degased

Water Source

December 2006 n 127

Nineteenth Annual Accomplishment Report

FIGURE 5. Percent
hatch and day 3 survival
of flame angelfish eggs
in fed and unfed treatments (n = 2).
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FIGURE 6. Flame angelfish egg hatch rates and
percent survival to day 3
in aerated and nonaerated rearing tanks.
Values are the means of
two replicated experiments (n = 4).
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FIGURE 8. Photographs displaying the OI copepod production system currently
under development for large-scale production of copepod nauplii for rearing of
flame angelfish and other difficult-to-rear ornamental reef species: (a) 1,500-L
tanks, (b) 1,500-L tank in use, (c) 1,500-L harvest station,(d) harvesting 1,500-L
(e) 250-L tanks, and (f) harvesting 250-L.

FIGURE 9. Densities
achieved in Acartia sp.
stock cultures (2 L).
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FIGURE 10. Flame Angelfish total daily egg production (n = 18 pairs) from
October 2005 though September 2006.
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Pacific Threadfin Fingerling
Transport Technology
Development, Year 2
General Information
Reporting Period

October 1, 2005–Septemer 30, 2006

Funding Level

Year
1
2
TOTAL

Participants

Charles W. Laidley, Ph.D., Director
Finfish Department, Oceanic Institute

Amount
$35,000
$35,000
$70,000

Randy Cates
Cates International Inc.

Objectives
The goal of this project is to develop a reliable and cost-effective protocol for the
handling and transport of Pacific threadfin (known locally as moi) fingerlings at the
appropriate age (D50 to 60) and size (~ 3 g) for stocking in offshore cages. This
research will have direct application for the commercial movement of fingerlings
from hatchery/nursery sites to commercial growout locations of both on- and
offshore operations.
1. Compare standard bucket transfer versus the gravity-feed method for
moving fingerlings from nursery to transport tanks.
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2. Setup a replicated small-scale experimental tank system to study, and
optimize transport conditions for small marine finfish fingerlings.
3. Establish the effects of stocking density on survival time and quantitative
changes in water quality parameters over time, during simulated transport
of Pacific threadfin fingerlings.
4. Examine the effects of adjusting water temperature, salinity, and use of
anesthetics during handling for the purpose of increasing maximal transport
density.
5. Examine the effect of fish size/age on transport survival.
6. Field test developed protocols in collaboration with commercial partner(s).
7. Submit recommendations on optimal handling and transport techniques
for distribution via a fact sheet and an article in the CTSA newsletter.

Anticipated Benefits
This project will benefit all commercial marine finfish operations, allowing
maximization of available facilities for fish movements and providing operators
critical insights into likely areas of most concern for operational success. Scaledup hatchery and growout operations provide new opportunities to achieve
economies of scale in commercial operations. Large numbers of fingerlings can be
moved at very high densities, given adequate attention to handling protocols, stress
reduction, and water quality.
Over-stocking of fingerlings or inattention to protocol can quickly lead to high
mortality rates, especially after unanticipated delays or equipment failure. In
contrast, packing fish at low density may ensure transport success, but it greatly
increases equipment and staffing requirements. Thus, it’s important to determine
the physiological tolerance limits to transport conditions for specific species (in
this case Pacific threadfin) and life stage of the fish being shipped. Identification of
critical parameters will provide valuable information on possible improvements in
the transport process.

Work Progress and Principal Accomplishments
Objective 1: Fingerling Transfer Between Tanks
No progress has been made toward this objective. With the shutdown of
commercial-scale moi fingerling production, there were no fingerlings available for
examining methods of moving fingerlings between tanks. The project efforts have
been focused on the key component of this project, fingerling transport protocols.
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Objective 2: Design Transport Test System
A small replicated transport test system was designed and successfully implemented
using 45-L picnic-type plastic coolers with a 25-L working volume. An oxygen
delivery system was designed to allow O2 to be delivered from a cylinder through
a PVC manifold system and delivered by airstone into individual transport coolers.
Oxygen flow was maintained using a control valve, measured in cubic feet per
hour (Figure 1). Water quality (temperature, pH, salinity, dissolved oxygen) was
monitored with a YSI 556 handheld water quality meter. Water samples (15 mL)
were filtered through 1.2 µm glass filter and frozen at –5 ºC for analysis of total
ammonia nitrogen using a Hach DR-69 colorimeter. Tanks were agitated
approximately every 15 minutes to simulate movement associated during actual
transport. In the first trial, mortalities were placed in cotton mesh bags in each
cooler, but in later trials we used a plastic container with ¼-inch holes drilled into
it to facilitate water flow.
No significant challenges were encountered. The large number of replicated simulated
transport tanks required careful coordination to operate the system and sufficient staff
to ensure that all tanks were maintained under identical operational control.
Objective 3: Effect of Transport Density
Two trials were performed to determine the effect of transport density on survival.
In the first trial, densities of 12, 16, 20, 24, 28, 32 g/L were examined with four
replicates of each density using 6 g fish. In this trial, fingerling mortality at higher
densities was quite rapid due to the swift depletion of oxygen and deterioration of
water quality immediately after movement of fish from stock tanks into transport
containers. This trial illustrated the importance of maintaining high water quality
conditions at the start of transport procedures, leading to protocol improvements
that included pre-oxygenating transfer waters and transport containers to counteract
acute stress-related oxygen debt that fingerlings experience upon handling and
transfer to shipping containers. During this first trial, we also noticed that water
quality in the coolers was deteriorated quickly by mucous and scales released by
fingerlings during handling and transfer procedures. Hence, in subsequent trials,
we altered fish handling procedures to flush transfer buckets with fresh seawater
and oxygen supplementation for at least one minute before placing fingerlings in
the transport tank to ensure higher quality water at the start of simulated transport.
In the second trial we examined the effect of transport density on survival at
densities of 10, 20, 30, 40, 50 g/L using approximately 4 g moi fingerlings, with
four replicates per test density. Dissolved oxygen (DO) was maintained above 6.5
mg/L throughout the trial. A positive correlation was observed between fish density
and % mortality, whereby 90% of fish at the 50 g/L density died after eight hours
in simulated transport and only 5% of the fish died in the 10 g/L density treatment
(Figure 2). As expected, the higher density treatments had higher concentrations
of ammonia throughout the trial (Figure 3).
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A third transport density trial was conducted with larger (~ 25 g) moi fingerlings
to examine the potential effects of fish size/age/stage of development on tolerance
to high density transport conditions. Fingerlings were stocked at densities of 20,
30, 40, 50, 60 g/L (1 replicate per density) for four hours with oxygen maintained
above 10 mg/L. Although we had expected some degree of variance in survival
due to age/size-dependent changes in metabolic rate, we noted that the water in
all tanks was very clean at the end of the experiment, as opposed in the previous
trials when it was foamy and full of scales observed. We hypothesize that larger,
older fish, had better developed skin and scales, and less mucous loss, which
helped maintain a better water quality in this trial. This led to the planning of future
trials to determine the optimal fish size/age at which to ship fish to maintain high
water quality.
In the first trial, mortalities were placed in cotton mesh bags in each cooler, but the
live fish tended to get caught in the mesh and died, which increased mortality. In
subsequent trials, we used a small, rectangular plastic food storage container (9 x
2.5 x 7 cm) with 0.5 cm holes drilled into each surface to facilitate water exchange.
Objective 4: Alterations to Increase “Safe” Density
Three separate trials were conducted to study and possibly elucidate the physical
factors that could be manipulated to increase survival during the transport of moi
fingerling. In the first trial, 6 g moi fingerlings were subjected to simulated transport
conditions at a relatively high transport density (25 g/L) under (1) control (26 °C,
32 ppt seawater), (2) reduced (18–21 ºC) temperature, (3) lowered salinity (25
ppt seawater), (4) 20 ppm anesthesia (MS222) in the culture tank added just
prior to capture, and (5) a combination of treatments (temperature, salinity,
anesthesia). Simulated transport was carried out for six hours with four replicated
per treatment group.
Both the control and MS222 sedated groups exhibited demonstrated excellent
survival, while the reduced temperature and combination treatments (which included
reduced temperature) exhibited significantly reduced survival rates (Figure 4). The
improved performance in both the control and MS222 treatment groups and
decreased performance of the reduced temperature groups were unanticipated
results. The improved control (baseline) survival at relatively high density was
likely due to improvements in fingerling transfer procedures, including incorporation
of rinsing procedures that greatly reduced mucous and scale transfer into transport
tanks. The reduced performance at lower temperature indicates an unexpected
sensitivity of moi to temperature change, despite the common application of this
approach in transporting other fish species.
A second trial was initiated to further examine methods to increase “safe” transport
density using 4 g moi at a slightly higher density (40g/L) with six treatments, including
(1) control, (2) decreased temperature (~ 20°C), (3) reduced salinity (25 ppt),
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(4) addition of an ammonia chelator (Cloram-X® at 0.15 g/L), and (5) a
combination of treatments (temperature, salinity, Cloram-X®). Although once again
control survival was better than expected, both temperature reduced treatment
groups demonstrated significantly lower transport performance than control
treatments, verifying the temperature sensitivity of this species under high-stress
transport conditions. Improved survival in the reduced salinity treatment groups
demonstrated that reducing transport salinity might be an effective and relatively
simple approach to improve fingerling performance during high density transport.
The addition of an ammonia chelator appeared to offer significant improvements
in transport performance.
A third trial was initiated at even higher transport density (~ 60 g/L) using 7 g moi
fingerlings to continue exploring methods to improve transport performance at high
fingerling density. Treatments in this third trial included (1) control, (2) 20 ppm MS222
sedation, (3) reduced salinity (25 ppt), (4) no rinse prior to stocking in transport tanks,
(5) addition of Tris buffer to maintain pH, and (6) reduced temperature (carefully
controlled at 21 °C). The results showed that the no rinse and reduced temperature
treatments led to reduced transport performance and the reduced salinity treatment
significantly improved overall transport performance (Figure 7).
Adding buffer to the transport tank helped maintain higher pH (7.5 to 8.2) than the
other treatments (6.6 to 7.0) and led to a slight, but statistically insignificant (P >
0.05), improvement in survival.
In a small-scale follow-up trial, we further explored the temperature sensitivity of
moi fingerlings at a range of transport temperatures (20 °C to 30°C) using 4 g fish
at four replicates per temperature. Transport densities were kept quite low (6 g/L)
to allow for a more direct examination of temperature effects without the
complications of high density. The study demonstrated a small reduction in survival
at the lowest temperature (Figure 8), indicating that moi are indeed quite sensitive
to temperature reduction and, based on earlier findings, suggesting that this
temperature effect on survival becomes much greater when combined with other
stressors associated with high density fingerling transport.
The main challenges encountered were difficulties in maintaining precise control
over water temperature with reduced temperature treatments and in the changing
(improving) overall survival rates in control treatments. This second phenomena
likely results from steadily improving fish handling methods as research staff gained
experience with fish harvest and transfer procedures. In particular, we believe that
the adoptions of water exchange (i.e., rinsing) procedures is a critical factor in
improving overall transport survival rates.
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Objective 5: Determining Optimal Fish Size for Transport.
Based on earlier trials conducted under this project, we noticed a change in fish
response to handling stressors with virtually no mortality in a preliminary trial,
working with 25 g fingerlings after six hours of high-density, simulated transport.
Therefore, a series of simulated transport trials were conducted from a single
hatchery cohort as the fish developed. Under this experimental protocol, fingerlings
were tested for their tolerance to medium (40 fish/L) and high (80 fish/L) transport
densities at fingerling sizes of 5, 10, 15 and 25 g. The fish tested were all siblings
from a moi hatchery production run, and no fish were re-used in successive trials.
The trial was conducted under two handling protocols, the first using control
methods. The second handling approach used newly developed protocols under
which fingerlings were rinsed during transfer (in order to reduce scale and mucous
carryover to the transport system) and transported under reduced (25 ppt) salinity.
In previous trials, these two simple applications seemed to be the simplest and
most effective way to improve survival.
The trial clearly demonstrated a fingerling size (weight) effect on tolerance to
handling and transport conditions with a dramatic improvement in fingerling survival
from the 5 g to 10 g or larger size classes (Figure 9). A similar age/size dependent
relationship was seen under both the medium (40 fish/L) and high (80 fish/L)
density transport procedures.
In addition, the new protocols of rinsing and lower salinity transport water clearly
improved water quality and overall transport performance (i.e., survival) under all
treatment groups and fish sizes, although the absolute magnitude of the effect was
not as large as seen in some of the earlier trials. The visual difference in water
quality between control and new fish handling treatments was quite striking, with
large increases in foam, buildup of mucous, and loss of water clarity (Figure 10).
It is also interesting to note that, as the transport procedure continues, the small (5 g)
fingerlings required greater oxygen flow than the other fingerling size classes in order to
maintain dissolved oxygen levels above 10 mg/mL (Figure 11). We believe this is a
critical issue in the movement of fish, whereby small fish would need more oxygen and
would be more prone to oxygen deprivation than fish of 10 g or more in size.
In addition to monitoring acute mortality associated with fish handling and transport
procedures, we also examined the effects of these procedures on long-term survival as
an important factor in shipping fish between sites. Although the fish may survive the
rigors and stresses of actual transport, long-term survival of transport is of importance
as well. Although limited resources precluded maintaining fish in separate treatment
groups post-transport, data on the survival of transport batches indicated that fish are
more durable to the stresses of transport as they grow in size (Figure 12).
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The data from these trials suggests that physiological changes in fingerling tolerance
to fish handling and transport procedures may be improved by using a slightly
larger fingerling, although these advantages will have to be weighed against costs
associated with longer maintenance of fish in onshore facilities and increases in
overall tank biomass to be transported.
Objective 6: Field Testing.
No effort has been made to field test treatments to date. Preliminary trials are still
being conducted in small-scale replicated studies to determine optimal conditions
for survival of moi during transportation. One major road block to our efforts has
been a limited supply of moi fingerlings, due to decreased output from our hatchery.
Objective 7: Technology Transfer.
As of yet, technology transfer has not occurred, as we are still performing trials to
optimize shipping conditions.

Work Planned
Future work will continue to refine protocols, field test them on a commercial
scale, and transfer knowledge to stakeholders.

Impacts
The offshore cage industry is expanding rapidly in light of the successful
demonstration of large-scale production of Pacific threadfin in submersible cages.
Yet, the expansion of the marine finfish industry in Hawaii has already outstripped
the available supply of hatchery-reared fingerlings. Scaled-up hatchery and growout
operations provide new opportunities to achieve economies of scale in commercial
operations.
Current handling and transport methods, however, were developed for movement
at the research- or pilot-scale, and these methods are mostly limited to transfers
within a single research facility. Even stock enhancement efforts within the state
have been relatively small and experimental in nature. Therefore, this project will
ensure the successful movement of large numbers of fish between facilities, over
roads and open-ocean, and facilitate scale-up of production to levels that achieve
the necessary economies of scale for Hawaii’s marine finfish producers to become
competitive in the global seafood trade.
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Publications in Print, Manuscripts, and Papers
Presented
None to date.

Appendices

FIGURE 1. Right: Moi fingerling transport setup comprised of replicated 25-L picnic coolers
with oxygen manifold. Left: Oxygen flow controller.
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FIGURE 2. Effect of
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moi fingerling survival
under simulated transport conditions over
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FIGURE 3. Ammonia
levels in transport water
over the same period as
shown in Figure 2.
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FIGURE 4. Effect of
temperature, salinity,
anesthesia, and a combination of treatments
on survival of moi
fingerling for six hours
in simulated transport
tanks.
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FIGURE 5. Effect of
Chloram-X®, salinity,
temperature, and a combination of treatments
on mortality of moi
fingerling in simulated
transport tanks.
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FIGURE 6. Effect of
Chloram-X®, salinity,
temperature, and a combination of treatments
on ammonia concentrations from moi fingerling
in simulated transport
tanks.
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FIGURE 7. Effect of
buffer, anesthesia, no
rinse, salinity, and temperature on mortality of
moi fingerling in simulated transport tanks for
six hours.
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Alofau Village Coral Farm
for a Village-based Industry and
as a Tool for Community Coral
Management
General Information
Reporting Period

March 1, 2006–July 31, 2006

Funding Level

$11,994

Participants

Michael R. King
Coalition of Reef Lovers (CORL)
Karolyn Braun, Ph.D.
Marine Science Program, American Samoa Community College (ASCC)
Faumuina S.P. Satele
Eastern District Governor, Paramount Chief, and High Chief of Alofau Village

Objectives
1. Create a partnership with the American Samoa Community College’s
Marine Science Program, Ms. Karolyn Braun.
2. Enhance environmental awareness and stewardship in participating village
(Community workshops, month 1).
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3. Set up a coral farm and train two or more community members in coral
farming techniques (Community workshop, month 1; Hands-on training,
months 1–4).
4. Train a minimum of two community members to restore and rehabilitate
coral reef habitats (Community workshop, month 4; Hands-on training,
months 4–6).
5. Enhance community-based coral reef management tools.
6. Create a DVD video for CORL and CTSA to distribute.
7. Publish findings.

Principal Accomplishments
Objective 1: Create a partnership with the American Samoa
Community College’s Marine Science Program.
Both the Coalition of Reef Lovers (CORL) and the Marine Science Program of
American Samoa Community College (ASCC) have been working together for
more than three years. In 2005, the ASCC Marine Science Program Director
Ms. Karolyn Braun provided CORL with a general letter of support and inquired
if students in the Marine Science Program could help with CORL’s activities at the
Malota mariculture center and in the Alofau project. Permission was given by
Mike King, CORL’s director, and plans were made to include Marine Science
students in the Alofau project. Unfortunately, due to the late arrival of funding for
the project and students’ prior commitments, students could only attend the first
community awareness workshop in May.
The partnership between ASCC’s Marine Science Program and CORL will
continue, and the two will collaborate on projects in the future.
Objective 2: Enhance environmental awareness and stewardship
in participating villages.
Activity 1: A community education and awareness workshop was held on May
27, 2006 in the village of Alofau. This workshop was conducted to help increase
awareness about the causes of coral reef habitat loss and to start planning community
action for working on what apparent causes could be corrected.
This workshop also served to introduce CORL to those village residents that
didn’t know what CORL was or what the organization was working on in their
village. Karolyn Braun, of the American Samoa Community College, wrote up a
short press release.
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This education and awareness workshop was conducted within the village of Alofau
and had 27 people in attendance. This workshop addressed the following topics:
what was causing loss of reef habitat, how stressors were killing the reef and
reducing the fishery, what needed to be done to stop the loss, and how creating a
coral farm could be both a source of village income and a tool to use to restore
their coral reefs. There was also a 15- to 20-minute walk through the community
to look for apparent pollution problems. After the walk, there was an open
discussion on the problems found and possible solutions.
Participants from the village noted that, during their walk, they saw large amounts
of trash and debris in the east side stream near the road, yet, in the central drainage
ditch, the stream on the west side of the village was quite clean of trash and debris.
Residents also noted that a piggery was still located above the east stream and
that waste was entering the water. In addition to these problems, the old outfall
pipe from the school was broken and seemed to be emitting water or sewage,
even though it was supposed to be disconnected and no longer in use. American
Samoa Government Power Authority is in charge of sewage and the old lines, and
the agency was notified about the apparent problem; after several inquiries, on
August 5, 2006, effluent could no longer be seen coming from the pipe.
Several participants at the end of the workshop came up to Mike King and admitted
that they had no idea that such problems existed within their village and
recommended ways to address the problems through the village council and Eastern
District Governor Faumuina S.P. Satele who was also a Paramount and the High
Chief of the Village of Alofau. Mike King had already introduced himself to Faumuina
Satele, and started working with him addressing the village’s problems. When
Faumuina understood what was killing the village’s reef and how the project could
help abate the loss and help with recovery he started helping with the project
showing his support as much as possible. Faumuina showed the village this by
donating the use of the building located next to his house for the creation of the
Alofau Community Ecology Center and Coral Farm Office. On July 4, 2006,
Faumuina joined the work crew swimming and working on the construction of the
coral farm it was the first time in over twenty years that he had actually visited the
reef that he had fished and swam in as a child, while the condition of the village’s
coral reef saddened him, it also strengthened his reserve to restore it to its former
condition and set Alofau as an example for other villages to follow.
Activity 2: Community action workshops were held in 2006 on July 10 and 17.
These workshops combined a short morning talk on safety with a community
cleanup. The July 10 workshop focused on cleaning up the village’s beach area,
and 24 community members participated in this beach cleanup, and between 20
to 30 were active in cleaning up their home areas. The net result was that two
dumpsters were filled with collected refuse.
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A second and third cleanup were held on July 17 and 21 and focused on the
eastern stream area. Due to a chance of contact with potentially dangerous
waterborne pathogens, participation in these clean ups was limited by the amount
of proper cleanup work gear available. Seven village members participated, and
the eastern stream was cleaned near the village; 40 large trash bags and three
dumpsters of refuse were removed.
Paramount Chief Faumuina realized that litter and marine debris were coming
mainly from the village and that a village solution was needed to stop the problem.
On July 15, Faumuina issued a village rule stating that anyone littering in the village
would be punished with one day of community service, specifically cleaning up the
village under the supervision of the mayor.
Objective 3: Set up a coral farm and train two or more community
members in coral farming techniques.
Activity Training Workshops, Activities 1–3: (1) Fabricate and install trestles
and coral cages, (2) collection, fragmentation, attachment, and placing corals into
coral farm nursery area, and (3) growout and maintenance of coral farm.
The third objective of actually setting up the coral farm was completed very quickly
due to the large number of village participants. A total of eight trestles (two more
than proposed) and 64 coral cages were placed in the chosen area. The number
of village participants was 18. Because we didn’t have enough snorkeling gear
available, the group was split into two groups of nine, with one group working on
land to put cages and trestles together and the second in the water placing trestles
and cages into location. After four trestles had been placed and eight cages attached
to each, the two groups switched jobs. In the following four weeks, the volunteers
were trained in the collection, fragmentation, and attachment of three coral species,
two types of staghorn corals Acropora Formosa and Acropora nobilis, as well
as Porites cylindrica.
Attachment training was also conducted using two groups. One group tied corals
to base disks using fishing line and Super Glue cement, and the second group took
corals out and placed them into the cages to grow out. Again, duties were switched
so that both groups would learn the needed jobs. Volunteers were also instructed
in the cleaning and maintenance of the coral farm.
A total of 10 volunteers made it to all of the trainings, five of them made it all but
one session, and three missed two or more training classes.
Fabrication of Reef Balls, Activity 4: Ten volunteers helped make four oyster
reef balls. Due to the 30-day cure period, these reef balls were not deployed
within the funding period. Because no fragments were ready to plant onto the reef
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balls during the project funding period, the training on coral plug attachment did
not occur.
Objective 4: Train a minimum of two community members to
restore and rehabilitate coral reef habitats.
Because of the delay in receiving funding, the fourth objective had to be redesigned.
In the original project the corals grown at the coral farm were to be placed onto
targeted restoration areas, but because these corals required six months to growout,
they were not ready within the project funding period. Thus, it was decided to
teach the volunteers in simple coral reef restoration by the collection and attachment
of broken coral branches to dead corals using zip ties and by simply sticking them
into the dead corals so that they would stay in place until they had a chance to
anchor themselves. Eight volunteers were instructed and shown how to do it, and
then two small dead Acropora thickets were chosen and replanted with salvaged
broken corals. It was explained to the volunteers that the process for planting the
fragmented corals was very much the same except that it took six months for
fragmented corals to grow large enough to be placed into targeted areas.
Objective 5: Enhance community-based coral reef management
tools.
This objective was reached, as it was written during the project funding period.
Some18 volunteers were trained in coral farming and eight in simple restoration
techniques. Additionally, those community members that participated in the
workshop and cleanup activities also learned that their actions can make a difference
in the health of their coastal ecosystems. However, more training and active
participation is still needed. The coral farm workers still need to be trained in
benthic habitat monitoring, so they can monitor the health of the existing reef and
that of the restored areas. They also need to learn how to do fish surveys, as their
results will also be an indicator of how well they are doing in restoring the functionality
of their coastal ecosystems.
Objective 6: Create a DVD video for CORL and CTSA to distribute.
This objective is yet to be completed. In the original proposal, this objective was
stated to be finished six months from the end of the funding period. Progress at
completing this objective has been made, as more than six hours of video footage
was taken during the training and workshops. Editing will start within a week or
two; the re-shooting of some video footage will be needed and is expected. As of
September 2, 2006, the expected completion date of this objective remains January
30, 2007.
Objective 7: Publish findings.
This objective has already been partially completed with an AquaTips article about
the project in the CTSA newsletter Regional Notes.
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On August 8, 2006, Mike King from CORL and Paramount Chief Faumuina
Satele had an Open House ceremony for the Alofau Community Ecology Center
and coral farm office. At this event, the Governor of American Samoa, Togiola
P.F. Tulafono; Mike King, Director of CORL; and Faumuina all gave dedication
speeches that included the accomplishments of not only the Center but also the
coral farm and the volunteers that helped put both together. The opening was
broadcast on both cable and local TV on the island. As a result of this broadcast,
more than five additional villages inquired if similar projects could be conducted in
their village. Faumuina S. P. Satele passed away a week later from complications
following his routine kidney dialysis treatment.
There are no other plans to publish findings at this time, but the results from this
project may be incorporated with those of similar projects conducted in additional
villages in the future. If such incorporation occurs, CORL will give CTSA credit in
any work completed using the Alofau project.

Impacts
The impacts of creating community-based coral farms to the aquaculture industry
may not be apparent to most industry members. Yet, developing community-based
coral aquaculture industries could play a large part in the future of a marine
ornamentals industry. Today, the marine ornamental industry obtains the majority
of its resources from the wild, primarily from the coral reef areas of the IndoPacific Ocean region. This coral reef habitat is disappearing at an alarming rate. It
is said that, if the current rate of habitat loss continues, coral reefs ecosystems
could be totally destroyed in as little as 40 to 60 years.
The marine ornamental industry is currently one of the fastest growing hobbybased industries in the world. While the majority of the organisms kept by freshwater
hobbyist are aquaculture-produced, only a few marine ornamental organisms
typically kept in marine aquaria are cultured. Further, the supply of these few
cultured marine organisms cannot keep up with hobbyist demands. This creates a
problem: a rapidly growing hobby relying on a rapidly diminishing resource. To
survive, the marine ornamental industry must change its reliance on a wild-caught
supply and choose cultured organisms instead. The industry must also take an
active role in the protection, preservation, and sustainable use of the remaining
areas where it obtains wild-caught supplies of organisms — for even with
aquaculture, broodstock has to come from somewhere.
Unfortunately, aquaculture of ornamental marine organisms is more difficult than
the culture of the freshwater ornamentals. Advancements in marine aquaculture
are being made, and, in time, a majority of the rare, high-priced marine ornamentals
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may be cultured along with some species that have short or no larval stages. This
outcome could reduce demand upon wild sources, but a successful shift to
aquaculture will depend upon whether or not production costs can be reduced to
less than or equal to those of capturing wild specimens. Even if this goal can be
met, it does little to preserve the coral reef habitats themselves.
One additional problem must be considered: the propagation of most marine species
will be conducted under near lab-like conditions at mariculture facilities that likely
will be distant from the location of wild organisms. Why is raising the organisms
near their natural source important? It’s human nature that we protect those things
that we value; and the greater the value, the greater protection we provide.
Throughout the Pacific, more and more people are moving from a subsistence
way of life to a monetary system. Still, coral farming can make a difference. It is
one type of aquaculture that can be conducted at a village-based level, adding
value back to the reef by creating local, village-based income from cultured
products. If a coral farm is coupled with a coral reef restoration project, it can be
eco-beneficial as well, but it needs to be properly designed and implemented to
achieve this goal. A coral farm can sell the best specimens produced (shape and
color) to the marine ornamental industry and plant the remainder (considered
substandard quality) in an area that is targeted for rehabilitation or restoration.
What is needed is knowledge about how to farm corals using no-impact techniques
and how to conduct habitat restoration, including the removal of stressors that
cause the decline of a habitat.
This project was an experiment into the feasibility of a small village creating a coral
farm and learning how to operate it as a business. It also incorporated the use of
coral farming as a tool to be used for community-based coral reef management.
Results show that the people of the village community of Alofau have been willing
to begin to take the steps needed to protect and restore their degraded coral reef
ecosystem as long as additional value has been added to their resources. The
added value in this study was a village-based industry that comes with the creation
and management of a coral farm. This project indicates that the creation of a
village-based industry — combined with the provision of a new reef management
tool — gave the people of Alofau the needed incentive to take action to restore
their coral reef habitats and clean up their community.
The economic value of community-based coral farming is the potential to provide
jobs and income within a rural community. The profit potential is a value that’s
much more easily defined: A 100-trestle coral farm can produce at least 50,000
corals a year, and each coral has a potential to be bought at an average price of
$1.50 each from an exporter. Therefore, an annual income of $75,000 is possible.
The cost of setting up the coral farm depends upon materials used in its construction.
For our pilot project, we used all new rebar and PVC coated wire cage material
for which the cost was high. A 100-trestle coral farm constructed the same way
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would cost about $22,000 in materials and an additional $10,000 to$12,000 for
artificial reef structures (for the donor colonies), coral plugs, fragmenting, attachment
gear, along with the cost of training workers. The cost will be higher if a farm is
located away from its village or in deep water, since additional equipment like
boats and SCUBA gear will be required. Labor would require about four workers
at six hours-a-day, five days-a-week to build and fill the coral farm to capacity in
the first six months so the first harvest can be conducted at the end of the first year.
Labor costs vary widely throughout the Indo-Pacific, so the annual cost of labor
for a coral farm could range from $9,000 to more than $30,000.
It all sounds good, but one must remember, hobbyists want quality coral with
good color. So, to make a coral farm profitable, it must also have a good variety
of desirable product. From experience, one in five farmed corals are of a quality fit
to sell to the marine ornamental industry. In fact, I have seen piles of discarded
corals left to die on the ground in some commercial coral farm locations. Some of
these discarded corals may survive, but most end up a bleached dead skeleton
much like broken, unattached corals in the wild. It’s much better if these corals are
at least planted for future propagation or used for a coral reef restoration or
rehabilitation project somewhere.
That brings me to the greatest value of this project and of coral farming in general
when done in conjunction with a coral reef restoration project. To date, most
coral reef restoration and rehabilitation projects have been conducted by scientists
or professional mitigation companies at the cost of hundreds of thousands of U.S.
dollars per acre recovered. This type of expenditure is way beyond the resources
of most villages even in semi-developed areas like American Samoa. By developing
simple restoration techniques of the fastest growing species, however, the critical
coral cover of a coral reef ecosystem can be restored at a fraction of the cost.
CORL will continue to seek to prove that a coral farm can not only make a profit
but also pay for a village’s restoration program.

Recommended Follow-up Activities
The project was well received by the community and support was strong. Two
apparent oversights in project design did appear at the end of the project: a lack
of funding to provide shipping materials for product to be sent to the states and to
hire at least two part-time workers until profits from the initial sale of product was
received. The only other recommendation is that a third party (in this case, American
Samoa Community College) should be removed from any project shorter than
one year in length, as it created another step in the process of acquiring needed
supplies for the project, and a six-month project period requires that everything
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be on time. In our case, delays caused a lot more extra work by both CORL
workers and volunteers when we had to find alternative supplies. If it wasn’t for
the work of the volunteers who helped recover, clean, and repair the cages we
obtained from a prior clam farm, the project would have stalled at Objective 2
and remained mostly unfinished.
Follow-up activities needed: Alofau community members still need to be taught
coral reef monitoring skills, and several additional coral farming workshops are
needed to enable them to propagate different species of corals.
Future community-based coral reef restoration studies: Restoring patch reef areas
and reef flats. Propagation of reef crest corals in high-flow raceways.

Publications in Print, Manuscripts, and Papers
Presented
King, Michael R., Karolyn J. Braun, and Faumuina S. P. Satele. 2006. AquaTips:
Coral farm project helps village in American Samoa start business, learn about
reef management. Center for Tropical and Subtropical Regional Notes
17(3):4–5.
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Intensive Microalgae
Production, Year 1
General Information
Reporting Period

October 1, 2005–September 30, 2006

Funding Level

Year
1

Participants

Charles W. Laidley, Ph.D., Director
Finfish Department, Oceanic Institute

Amount
$35,000

Aaron Ellis, Research Assistant
Live Feeds Research and Development, Oceanic Institute

Objectives
The goal of this project is to evaluate algal photobioreactor technology as an
alternative to tank/raceway based production systems for use by aquaculture
operations in Hawaii and the Pacific Islands.
Project Objectives
1. Complete industry survey on algal production requirements.
2. Generate a current review of available algal bioreactors systems, examining
costs of setup and operation for publication in CTSA newsletter Regional
Notes.
3. Commission pilot-scale algal photobioreactors to evaluate actual cost and
ease of setup.
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4. On-site operation and testing of algal photobioreactors with several species
of marine microalgae.
5. Provide education and training to the aquaculture industry through
workshops, fact sheets, and continuing education programs at the OLC.

Anticipated Benefits
The advent of photobioreactor systems for algal production provides new
opportunities for farmers to reduce the cost of algal production by decreasing
labor demands and increasing production output. For example, current batchproduction systems for Nannochloropsis sp. typically peak at 10 to 40 million
cells/mL, while more modern continuous or semi-continuous algal bioreactors are
now achieving algal densities in the range of 0.1 to 1 billion cells/mL. Farmers in
the United States must take advantage of such modern advances in available
production methods to secure their competitiveness in an increasingly competitive
worldwide industry. It’s especially important with rapid increases in production
coming from overseas competitors that have significantly lower costs for land and
labor.
Also recognized is that most small- to medium-size farm cannot afford the cost of
experimentation or the risk associated with implementing new and unproven
technologies. Therefore, it is pivotal that research organizations such as OI assist
in the early stages of new technology development through research and
demonstration projects, such as is ongoing for algal bioreactors on this project
and reported here. The successful implementation of this technology clearly has
the potential to further strengthen the growing aquaculture industry in Hawaii and
the U.S.-affiliated Pacific Islands by increasing production efficiency and allowing
commercial operators to focus on other aspects of their operations.

Work Progress and Principal Accomplishments
Objective 1: Complete industry survey on algal production
requirements.
A comprehensive survey was developed (see Appendix 1) and sent by e-mail to
all members of the Hawaii Aquaculture Association to assist in assessing algal
culture requirements in Hawaii. The aim of the survey was to scope current algal
production needs by local industry. Only two responses have been received to
date, which limits summary at this point in time.
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Objective 2: Generate a current review of available algal bioreactor
systems, examining costs of setup and operation for publication
in CTSA newsletter Regional Notes.
A complete review of available bioreactor systems was completed leading to the
generation of an article for publication in the December 2006 issue of CTSA’s
Regional Notes.
Objective 3: Commission pilot-scale algal photobioreactors to
evaluate actual cost and ease of setup.
The first phase of project efforts focused on identifying and evaluating available
commercial photobioreator designs. Somewhat surprisingly, we were unable to
find readily available commercial products. The cellpharm® tubular bioreactors
are actively used in a number of European hatcheries, and this HISTAR™ system
(Rusch, pers. comm.) is currently under final design by AST, but these systems
were not available for project activities. Therefore, we focused on building two
simple prototype systems, the first a plexiglass plate bioreactor and second a
columnar air-lift bioreactor (Figure 1). We were not able to gain access to the
commercial tubular bioreactor during the project period, but we are in the process
of constructing a prototype system using off-the-shelf parts for future testing under
both indoor and outdoor conditions.
Plate bioreactor design. Our first design was a 500-L plexiglass plate bioreactor
with a 20 cm light path (Figure 1) based on the designs of Amos Richmond (pers.
comm.). The OI system was fitted with UV-treated water, 1 µm filtered air supply,
and equipped with pH control to help maintain system sterility. Although not
achieving anywhere close to the 400–800 M cells/mL densities described in the
literature (Zhang et al. 2001), it did attain relatively high algal densities (> 70 M
cells/mL) in several runs (Figure 4). Still, average densities (26.5 M cells/mL)
were not substantially different from those seen in outdoor tank systems. The
lower than expected system performance was attributed to a lack of sufficient
temperature control, longer light path (20 cm vs. 10 cm in the Wu et al. system),
and challenges in maintaining necessary system sterility.
Cylinder Air-lift bioreactor. Our second design was a 12-cylinder air-lift
bioreactor system, using readily available sunlight tubes (Figure 1). Each of the
cylinders were 18 inches in diameter and maintained separate 400-L batches of
algae under natural outdoor lighting. Each unit was provided with UV-sterilized
water mechanically filtered down to 0.2 µm and supplemented with algal nutrients
using an automatic dosing system. Air to each unit is also filtered down to 0.2 µm
and automatically supplemented with CO2 as a carbon source and to maintain
system pH within the range of 8.0 to 8.4, using individual pH controller units for
each cylinder. Temperature is controlled using a chiller with individual titanium
coils in each of the 12 reactor cylinders. Only the overflow, created by continuous
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(or semi-continuous) addition of nutrient enriched water to each cylinder, is
harvested.
Objective 4: On-site operation and testing of algal
photobioreactors with several species of marine and freshwater
algae.
Having commissioned two types of photobioreactors, a series of evaluations were
completed to provide data on culture performance in terms of algal density, culture
duration, costs of operation, and critical systems issues.
Batch vs. Continuous culture. The first evaluation compared algal output under
batch production with that of a continuous production method. To make the
comparison direct, the trial was conducted in the air-lift cylinder bioreactor system
with six tubes operated under batch culture protocols (0% flow) and six cylinders
operated under continuous flow (25% exchange per day). This setup provided
more advanced system control than typically utilized for batch production systems
but provided a direct comparison between protocols. Both treatments received
the benefits of using filtered air and water, temperature control, and CO2
supplementation. Results indicate two advantages of continuous culture: continuous
cultures lasted significantly longer than the batch cultures and produced nearly six
times the algae (Figure 3).
System comparisons. The next series of trials compared culture performance
under semi-continuous modes of operation in the two prototype systems, as well
as in indoor tanks under 1,000 W metal halide lighting (28,000 lux @ 24 h/d) and
depth of 20 cm and in outdoor tanks under natural lighting (average daily peak of
44,000 lux) and depth of 40 cm. Moving cultures outdoors under natural sunlight
brought significant increases in culture density and algal health over indoor cultures.
However, culture density tended to vary widely in the outdoor systems (data not
shown) dependent upon the time of year and local weather conditions in responses
to changes in light intensity.
The plate photobioreactor, which has the greatest surface area to volume ratio —
and the shortest light path — attained the highest peak algal densities (>70 million
cells/mL) of the tested systems and demonstrated the highest harvest yield per unit
system volume. Yet, both the plate and cylinder photobioreactor systems
experienced shorter culture durations on average than either the indoor or outdoor
tank cultures, indicating the need for considerable improvement in temperature
dispersion, gas exchange, and system sterility. The plate bioreactor (without
temperature control) proved quite unstable over time, resulting in the highest
frequency of crashes and shortest mean culture duration (10 days). The air-lift
photobioreactor (with temperature control added) was generally more stable,
yielding average culture durations of 14 days. Both the indoor and outdoor cultures
lasted for 18 to 19 days on average.

156 n Center for Tropical and Subtropical Aquaculture

Intensive Microalgae Production

For future trials, then, we chose to work primarily with the air-lift reactor despite
higher unit productivity in the plate system. Other factors were cost and footprint:
A single 500-L reaction chamber in the plate bioreactor costs roughly $5,000,
while the air-lift system costs about $300 per cylinder.
Algal species comparisons. Finally, using the same cylinder-based air-lift
bioreactor system, OI researchers compared the performances of four species of
marine microalgae commonly used in marine finfish and shellfish hatcheries. As
expected, the smaller Nannochloropsis sp. attained the highest mean cell densities
(28 million cells/mL), compared to the larger Isochrysis and Chaetoceros species
(6 million cells/mL) and the even larger Tetraselmis species (1 million cells/mL).
Isochrysis and Chaetoceros also demonstrated somewhat lower culture durations
(17 days) than Nannochloropsis (27 days) and especially Tetraselmis (50 days).
Objective 5: To provide education and training to the aquaculture
industry through workshops, fact sheets, and continuing
education programs at the OLC.
As relayed above, an AquaTips article on microalgae production for aquaculture
in Hawaii and the Pacific Islands has been written and is to be published in the
December 2006 issue of CTSA Regional Notes. At project completion, an industry
workshop will be convened to review and summarize project findings. Preliminary
project findings and demonstration of current air-lift bioreactor operation was
provided to industry stakeholders at the workshop covering the current status of
marine ornamental fish (and live feeds) culture research held at the Oceanic Institute
on April 5, 2006.

Work Planned
As the project nears the end of its first year, OI researchers will evaluate one final
photobioreactor design, the tubular photobioreactor, and then complete the project
by convening an industry workshop on microalgae culture.

Impacts
The advent of photobioreactor systems for algal production provides new
opportunities for farmers to reduce the cost of algal production by decreasing
labor demands and increasing production output. Farmers in the United States
must take advantage of such modern advances in available production methods to
secure their competitiveness in an increasingly competitive worldwide industry. It’s
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especially important with rapid increases in production coming from overseas
competitors that have significantly lower costs for land and labor. Also recognized
is that most small- to medium-size farm cannot afford the cost of experimentation
or the risk associated with implementing new and unproven technologies. Therefore,
it is pivotal that research organizations such as OI assist in the early stages of new
technology development through research and demonstration projects, such as is
ongoing for algal bioreactors on this project and reported here. The successful
implementation of this technology clearly has the potential to further strengthen the
growing aquaculture industry in Hawaii and the U.S.-affiliated Pacific Islands by
increasing production efficiency and allowing commercial operators to focus on
other aspects of their operations.

Publications in Print, Manuscripts, and Papers
Presented
Ellis, A. A. and C. W. Laidley. (in press). Microalgae production for aquaculture
in Hawaii and the Pacific Islands. Center for Tropical and Subtropical
Aquaculture Regional Notes 17(4):3,6–7.
Laidley, C. W. 2006. Current status of marine ornamental research at the Oceanic
Institute. Presented at an industry workshop held at the Oceanic Institute
Learning Center, April 5, in Waimanalo, Hawaii.
———. 2006. Revitalization of Hawaiian fishponds. Presented at the Hawaiian
Business Conference & Exposition, Hawaii Conference Center, May 18, in
Honolulu, Hawaii.
———. 2006. Current status of marine ornamental research at the Oceanic
Institute. Presented as part of the University of Hawaii at Manoa’s Hawaii
Institute of Marine Biology Seminar Series, July 5, in Kaneohe, Hawaii.

Appendices
APPENDIX 1. On the following two pages is the survey sent by e-mail to all
members of the Hawaii Aquaculture Association to gather information that
could help in assessing algal culture requirements in Hawaii.
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Company
Company Name
Address
Contact Information
tel
fax
name
title
How long has the company been in business ?
<5 yrs

5-10 yrs

11-15 yrs

16-20 yrs

>20 yrs

11 to 20

21 to 50

>50

food fish
ornamental
shrimp
shellfish
algae

other

copepods

microalgae

How many people are employed by the company ?
<5

5 to 10

What product(s) is/are produced ?
marine
freshwater

(please specify)

What live feeds are required ?
artemia

rotifers

other
(please specify)

What artificial feeds are used ?

What live algae are used ?

Protein Selco
Super Selco
Dha Selco
Prolon
Protein HUFA
Culture HUFA
Algamac
Rotimac
Artemac
Omega Booster
Paste
Other

Amphora sp.
Chaetoceros calcitrans
Chaetoceros gracilis
Chaetoceros meullerii
Chaetoceros neogracile
Chaetoceros sp.
Chlorella sp.
Dunaliella sp.
Dunaliella tertiolecta
Haematococcus pluvialus
Isochrysis galbana
Isochrysis sp. (T-ISO)

Nannochloropsis occulata
Nannochloropsis salina
Nannochloropsis sp.
Pavlova sp.
Pavlova lutherii
Rhodomonas salina
Skeletonema costatum
Spirulina Platensis
Tetraselmis sp.
Thalassiosira pseudonana
Thalassiosira weissflogii
Other

(please specify)

(please specify)

(please specify)

Are algae production facilities on site ?

Do the algae production facilites meet demands ?

yes

no

never

sometimes

always

What are the physical conditions on site ?
i. Air temperature
ii. Water Temperature
iii. Light levels

F
F
0
low

1

2

C
C
3

4

5
high

What method is currently used for algae production ?
tank
raceway
pond
tubular
plate
column
other

batch
semi-continuous
continuous

indoor
outdoor

Approximately what labor effort is spent on algae production ?
What are algae production capabilites ?
L/day

Other

(please specify)
hr/wk
total tank volume
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What volume of algae is required ?

L/day

What density of algae is required (cells/ml) ?
10
10^2

10^3
10^4

10^5
10^6

10^7
10^8

Do the algal production facilities involve automation ?
yes
yes
yes
yes
yes

i. pH control
ii. Temperature control
iii. Nutrient addition
iv. Harvest
v. Other (please specify)

no
no
no
no
no

Other

(please specify)

Does the company maintain stock algal cultures ?
yes

no

carboy
5-50L

production
>100L

How many strains/species of algae are kept ?
0

1

2

3

4

5

6

7

8

9

10

>10

At what level are algal cultures kept ?
plate
single colony

test tube
15-200mL

flask
1-2L

If stock algal cultures are not maintained who supplies the company ?
University
Not-for-profit institution
Private service
farmers
Other (please specify)

Other

(please specify)

If stock algal cultures are purchased;
i. What volumes are purchased ?
plate
test tube
single colony
15-200mL

flask
1-2L

carboy
5-50L

ii. What is the cost per unit purchased ?
plate
test tube

flask

carboy

production
>100L

Would the company be interested in outsourcing stock production ?

yes

no

Would the company be interested in outsourcing mass production ?

yes

no

What approximate price would make this service cost effective for your business ?
Comments / Suggestions
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FIGURE 1. Photograph of large-scale photobioreactor systems, including (left) a
500-L flat-panel bioreactor at OI, (center) an OI cylinder-based air-lift bioreactor
design, and (right) a tubular photobioreactor system

FIGURE 2. Photographs of the OI prototype columnar air-lift bioreactor system showing
(a) the water purification and dosing system, (b) in-line air filters and algal harvest lines,
(c) chiller unit, (d) chilled water circulation pump and reservoir, (e) cold-finger inflow and
outflow lines, (f) chiller fingers in empty cylinders, (g) water quality monitor and control
unit, (h) pH, temperature and disolved oxygen probes, and (i) algal harvest container.
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FIGURE 3. Comparison of algal (Nannochloropsis sp.) production under batch and continuous (25%
exchange-harvest per day) flow protocols.
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FIGURE 4. Average cell
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FIGURE 5. Average cell
harvest (cells/L/day) of
Nannochloropsis sp. from
indoor tank, outdoor
tank, air-lift cylinder,
and plate algal culture
systems.
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FIGURE 6. Average cell density (left) and culture length (right) of algal species cultured in
the air-lift photobioreactor with culture crashes due to system malfunction removed.
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Evaluation and Propagation
of Tilapia Strains for a
Self-Sufficient Tilapia Industry
on Guam, Year 2
General Information
Reporting Period

February 1, 2005–January 31, 2006; no-cost extension through September 30,
2006 (final report)

Funding Level

Year
1
2
TOTAL

Participants

David P. Crisostomo, Extension Agent and Program Leader
Cooperative Extension Service, University of Guam

Amount
$50,200
$52,964
$103,164

Josha Golder, Research Assistant
Cooperative Extension Service, University of Guam
Richard Guevara, Research Assistant
University of Guam
Michael Morta, Extension Assistant
University of Guam
David Mantanona, Extension Assistant
University of Guam
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Victor PCamacho, Biologist
Guam Aquaculture Development Training Center (GADTC), University of Guam
Peter Barcinas, Extension Agent
Economic and Community Systems, University of Guam
John Bernardo
Bernardo Fish Farm, Guam
Peter San Nicolas
Seafood Aquaculture Inc., Guam
Mr. Wang
SCOAP Fish Farm, Guam
John Leon Guerrero
Private Farmer, Guam
Frank Toves
Private Farmer, Guam
Mr. Wong
Ming-Feng Fish Farm, Guam
Paul McDonald
Private Fish Farmer, Guam
Tony Pellegrino
Saipan Aquaculture Inc.
Lawerence Duponcheel
Northern Marianas College, Tinian
Randy Tudela
Northern Marianas College, Saipan
Jacob Muna
Northern Marianas College, Tinian
Alex Sandbergen
Mayors Office, Tinian
Frank Cruz
Private Farmer, Guam
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Ron Acfalle
Private Farmer, Guam

Objectives
Year 1
1. Identify, obtain, and purchase male seedstock of five strains of tilapia.
2. Evaluate the growth rate, survival, and FCR of the five strains under local
conditions in replicated hapa nets at the GADTC.
3. Obtain, import, and raise to sexual maturity broodstock of the five strains
for future determination of reproductive rates and estimation of the costs
of fry production at the GADTC facility.
Year 2
1. Establish a raceway-based hatchery at the GADTC with the
broodstock matured during the first year.
2. Determine the reproductive rates for each of the five tilapia strains
under investigation.
3. Determine the management requirements of each of the five strains of
broodstock in a raceway system.
4. Combine information on growth and reproduction of each of the five
strains in an economic analysis to decide which two strains will be
kept as the basis of a self-sufficient tilapia industry on Guam.
5. Conduct workshops to educate producers on the proper methods to
culture tilapia, using improved tilapia strains, and educate producers
on the management and operation of a tilapia hatchery.

Principal Accomplishments
Year 1
Objective 1: Identify, obtain, and purchase male seedstock of five
strains of tilapia.
Five strains of the most popular strains used in Asia and the United States were
identified. These included Oreochromis niloticus var. Philippine Select,
Oreochromis niloticus var. Chitralada, Oreochromis niloticus var. GIFT,
Genetically modified Oreochromis niloticus (GMT), and Taiwan hybrid (O.
niloticus x O. mossambicus).
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Five strains were purchased from importers and stocked into hapa nets at the Guam
Aquaculture Development Training Center (GADTC). Two ponds at a commercial
farm were stocked with the Chitralada and the Philippine Select varieties.
Objective 2: Evaluate the growth rate, survival, and FCR of the
five strains under local conditions in replicated hapa nets at the
GADTC.
Details of the results are presented in the Year 1 final report, which is available as
part of the CTSA 2004 Accomplishment Report or online (http://www.ctsa.org/
ProjectDetail.aspx?pID=1168). The Philippine Select strain showed the best
growth, followed closely by the Chitralada and the GIFT strains. Survival was
more than 95% in all groups.
Objective 3: Obtain, import, and raise to sexual maturity
broodstock of the five strains for future determination of
reproductive rates and estimation of the costs of fry production at
the GADTC facility.
Broodstock were acquired at the same time as male fry for the growth trials.
These were raised and used for the reproduction trials in the second year.
Year 2
Objective 1: Establish a raceway-based hatchery at the GADTC
with the broodstock matured during the first year.
The past use of hapa nets in a raceway (see Figure 2 at the end of this report) was
deemed inefficient and cumbersome. Two raceways have been cleared of hapa
structures and have been stocked with juveniles of the Chitralada and GIFT strains.
These will be sorted in January 2007 to achieve a stocking density of 1 fish per m2
and a sex ratio of 3:1 (female:male). Approximately, 1,000 broodstock would be
maintained in each of the two raceways. This setup is expected to provide an
average production level of 105,000 eggs/month/raceway or a total annual
production of 2.5 million eggs.
During this project, we also established a small-scale outdoor tilapia hatchery
system. This outdoor hatchery system, based on a hatching jar suspended in a
fry rearing tank, was developed to demonstrate space saving design for an
integrated hatching and fry rearing system. The system uses two McDonald
hatching jars suspended in the water of a 1,600-L tank. A small water pump
re-circulated water from the tank into the hatching jar to suspend eggs. Fry
hatch, and as they develop, they can swim out of the hatching jar directly into
the fry tank.
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Objective 2: Determine the reproductive rates for each of the five
tilapia strains under investigation.
The five strains were placed in hapa nets at a ratio of 3 females:1 male. Results were
not conclusive, since several strains were older and beyond optimum reproductive
age. Reproductive rates fell drastically midway through the year. More accurate data
will be obtained during the next year, when young broodstock will be evaluated in a
true commercial setting. See Figure 1 at the end of this report.
•
•
•
•

Philippine Select females averaged 2.08 pounds each, and males averaged
3.46 pounds.
Chitralada females averaged 1.04 pounds, and males averaged 1.61
pounds.
GIFT females averaged 1.09 pounds, and males averaged 1.37 pounds.
GIFT fish were stocked 16 weeks after the Chitralada and Philippine
Select started the reproduction trial.

Objective 3: Determine the management requirements of each of
the five strains of broodstock in a raceway system.
Management of the broodstock in a hapa-based hatchery system are similar for each
of the five strains. Management requirements have been determined for broodstock in
a hapa system at densities of approximately 1 fish/m2. These requirements are for utilization
of half the raceway and do not represent maximum utilization of water volume in the
raceway. However, within the hapa nets, there is a close approximation of requirements,
since water flow were kept to about 15 gallons per minute.
Water quality was maintained with the inclusion of aeration between cages. A couple of
cages that didn’t have aeration initially suffered mortalities. This problem was remedied
with aeration. All aeration was provided by the hatchery’s central air blowers and was
delivered to the raceway via a perforated pipe extending into the water from the main
air distribution line running along the top of the raceway wall.
Feeding should be kept to a maximum of 3% BW/day and should be adjusted as
determined by visual observation of feeding activity. A feeding regimen utilizing
five minutes of feeding time as a reference point would be more appropriate.
When several females are holding eggs in their mouth, feed consumption will
naturally decrease.
Replacement of females once they’ve produced eggs is recommended, since it
will reduce the time between egg production per female. A female should be
replaced with a female being held in a female broodstock holding tank. The ripeness
of the replacement should be checked by examination of the genital papilla. A red
swollen organ together with a plump abdomen indicates a mature female
approaching ovulation.
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Replacement of male broodstock every month is recommended to provide a rested
male.
The management requirements of broodstock in a raceway and broodstock in
holding tanks will be more clearly defined during the next year. Management in
hapa nets was presented in previous progress reports but cannot be translated to
that required of a system of maximum stocking in a raceway.
Objective 4: Combine information on growth and reproduction of
each of the five strains in an economic analysis to decide which
two strains will be kept as the basis of a self-sufficient tilapia
industry on Guam.
An economic analysis of the system cannot be conducted due to the many changes
that occurred during the project period. Also, past efforts were in experimentalsize hapas and cannot accurately reflect the economics of a commercial operation.
It can be said, however, that the Philippien Select, Chitralada, and GIFT strains
showed similar performance. Additionally, the use of hapa nets in a racewaybased hatchery system is not practical and would increase costs due to the added
effort needed to clean and change hapas on a regular basis. Hapas tend to develop
algae growth and trap debris and waste in the mesh, causing lifting of portions of
the hapa during daylight hours. More fish can be kept in the raceway if the entire
area of the raceway is utilized. A closer look at the economics of our racewaybased tilapia hatchery system will be made during the next year.
Objective 5: Conduct workshops to educate producers on the
proper methods to culture tilapia, using improved tilapia strains,
and educate producers on the management and operation of a
tilapia hatchery.
The completion of the two workshops provides a nucleus of producers and
professionals that received information and hands-on training in either growout
technology or hatchery technology for tilapia. This effort extends to professionals
and farmers in Guam as well as to the Commonwealth of the Northern Mariana
Islands (CNMI). Leveraging of funds has brought additional support for a study
tour of aquaculture in Thailand. Professionals and farmers from Guam, CNMI,
and American Samoa participated in this trip. This trip provided additional
information and reinforced training done in Guam.
•

•

One workshop with a total of nine local (Guam) producers was conducted
to educate them on tilapia production methods. All were using aboveground tanks or had plans to begin production.
One workshop was held to educate farmers and professionals on tilapia
hatchery methods. Four professionals from the CNMI, specifically Tinian
and Saipan, attended. Also, three farmers from Guam attended.
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Impacts
Five new strains of improved tilapia have been introduced to Guam. All were
previously imported before the start of the project. The strains were selected
based on their known popularity in aquaculture throughout Asia and the United
States. These improved strains and, more important, the establishment of ties to
important aquaculture research, education, and hatchery production entities in
Thailand, Taiwan, and the Philippines were made. From the stocks cultured and
propagated, more than 13,000 fry were distributed to farmers in Year 2. Farmers
have been happy with the performance of the new strains and are eager for intensive
hatchery production to begin.
This project has established a sexually mature broodstock of five strains at the
GADTC.
•
•

•

All five strains were cultured to maturation. However, only the two deemed
worthy of expansion were maintained.
A breeding population of two strains has been established at the hatchery.
More than 4,000 juveniles of the Chitralada strain and more than 2,000
juveniles of the GIFT strain are maturing. Onset of egg production is
expected as soon as February 2007.
Hatchery setup and advanced training in tilapia hatchery technology was
received as a result of a WSARE grant in Professional Development.
From this advanced training, a tilapia hatchery design has been made using
hatching jars, fry rearing trays, and advanced broodstock management.
These protocols will be refined and published in a tilapia hatchery manual
in the next year of this project.

Other impacts include the following outcomes:
• The aquaculture industry has been looking for relief in the effort and cost
of procuring tilapia fry from foreign sources. This project has provided
solid evidence that a local source of tilapia fry is possible and that the
quality of the stock is proven. The industry is now waiting for increased
production to meet the demand of commercial farmers on Guam and other
Pacific islands in the CTSA region.
• The fear of introduction of disease is a major concern, and it’s one concern
that is directly addressed by this project. Although a prohibition on tilapia
imports is not a recommendation at this point, ample supply locally provides
good impetus to purchase from a local source.
• One local tilapia breeder has received more than 200 tilapia broodstock of
two strains and has incorporated them into his small-scale hatchery program.
• Import substitution, resulting from the completion of this three-year project
next year, could bring a direct impact to the economy of Guam. If only 1
million imported tilapia fry are replaced by locally produced fry, it will

December 2006 n 171

Nineteenth Annual Accomplishment Report

•

result in a minimum of $30,000 remaining in the economy. This figure
represents about 50% of the demand for tilapia fry. The hatchery is
expected to produce a maximum of 2.5 million eggs per year (1.25 million
fry @ 50% hatch and survival rate).
Two local farmers have expressed interest in pursuing a commercial tilapia
hatchery in the future.

Recommended Follow-up Activities
1. It is imperative that 1.5 FTE be added to the hatchery budget for the
continuation of the tilapia hatchery after the end of project funding. Research
assistants now working on the project are receiving valuable training and should
be retained in a permanent capacity.
2. Upgrade the capacity of the GADTC, especially in the area of freshwater
flow and uninterruptible power supply.
3. Seek other sources of improved tilapia around the region, especially red
varieties.
4. Conduct a program of selective breeding to improve tilapia stocks.
5. Build capacity of hatchery personnel, providing training opportunities in
hatchery technology and genetics.
6. Research production of locally produced tilapia feeds.

Publications in Print, Manuscripts, and Papers
Presented
None to date. A draft of a hatchery manual is in preparation.
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Appendices
Year 2 Tilapia Egg Production
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FIGURE 1: Tilapia egg production during Year 2. Next year, young broodstock will be
tested under a true commercial setting.

FIGURE 2: Hapa nets
form the basis of this
raceway breeding system.
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Improved Stocks and
Management Practices
for Commercial Tilapia Culture
in Hawaii and the Pacific Region
— Hawaii Component,
Years 1 and 2
General Information
Reporting Period

September 1, 2005–August 31, 2006 (Year 1, final report)
September 1, 2006–September 30, 2006

Funding Level

Participants

Year
1
2

Amount
$53,950
$52,730

TOTAL

$106,680

James P. Szyper, Ph.D., Extension Specialist
Sea Grant College Program, University of Hawaii at Manoa
Kevin D. Hopkins, Ph.D., Interim Director and Professor
Pacific Aquaculture and Coastal Resources Center, University of Hawaii at Hilo
Cedric Muir, Ph.D.
College of Natural Sciences, University of Hawaii at Hilo
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Clyde S. Tamaru, Ph.D., Extension Specialist
Sea Grant College Program, University of Hawaii at Manoa

Objectives
The overall goals of this project are to enhance commercial tilapia production in
Hawaii by establishing tested breeding stocks, producing fingerlings and comparing
their growth with local stocks, and demonstrating breeding and production
management protocols that are widely communicated. Most of the project activities
take place at the University of Hawaii at Hilo (UHH) aquaculture program’s farm
facility.
Year 1
1. To establish a tilapia quarantine and project working area at the UHH
aquaculture program facility.
2. To obtain permits and import:
a. fingerling blue tilapia, Oreochromis aureus (a state-permitted
species on list C: permitted for commerce) from a suitable
commercial farm source that will guarantee disease-free stock.

3.

4.
5.
6.

7.
8.

b. fingerling Nile tilapia, Oreochromis niloticus (recently approved
for list A: restricted, research) from a similar commercial source.
To quarantine the imported stocks (both species, if permits are granted)
pending examination, and to obtain certification of disease-free status by
the state fish health management program.
To grow and mature breeding stocks from the imported population(s),
both species if permits are granted.
To produce offspring from the new breeder stocks of O. aureus, and to
use them to institute a breeding management program.
To obtain three existing commercial tilapia stocks from within the state,
and to perform the first growth comparison trial between in-state and
imported stocks (both species if permits are granted).
To characterize the imported (both species) and comparison stocks for
genetic identification by microsatellite DNA markers.
To communicate the first year’s results (broodstock management protocols,
growth comparisons, draft of good management practices) in public
workshops and in widely accessible written materials.
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Year 2
1. [Continues from Year 1] To obtain at least three existing commercial
tilapia stocks from within the state (one each from Oahu, Hawaii, and
Maui islands), and to perform the first growth comparison trial between
in-state and imported stocks (both species if permits are granted). Also to
send fingerling O. aureus to Oahu for comparison trials there.
2. To obtain at least two additional in-state stocks and to perform further
experimental comparisons of growth potential.
3. To distribute fingerlings of imported O. aureus stocks (O. niloticus is not
permitted for distribution from the farm) to interested businesses for onsite testing, under terms to be established with community input, avoiding
interference with markets. (This item may begin late in Year 1 if sufficient
fish are available after allocation to growth trials.)
4. To integrate the work on importation, quarantine, growth comparisons,
and stock maintenance protocols, into a manual of best management
practices, and to offer public workshops including this information during
the last half of the Year 2 project term.

Anticipated Benefits
This project will address major constraints to the industry by making experimental
determinations of the growth potential of selected local stocks compared with one or
more disease-free, permitted imports on a secure university site. Genetic analyses will
be used to characterize the stocks and provide a baseline for further comparisons,
including detection of changes if any in the stocks under breeding management.
Results of these relatively straightforward determinations will be used to address
the hypotheses that Hawaii’s demonstrably introgressed stocks (Szyper et al. 2000)
have detectable genetic differences from good commercially available stocks, as
well as demonstrable disadvantages in production qualities, such as growth rate in
production systems and survival rates of offspring. Another hypothesis to be tested
is that a modest-cost breeder management program will result in much smaller
genetic differences during the term of the project than the differences among stocks
at the beginning (some of which have been documented in Szyper et al. 2000).
The project will develop and transfer information on good management practices
for tilapia breeding and on tilapia culture in general. The project also will offer
modest numbers of fingerlings to the community during the two-year term of the
project, subject to protocols and agreements to avoid interference with markets,
and subject to quarantine and transfer controls with the assistance of the state fish
health management program.
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Work Progress and Principal Accomplishments
Year 1
Objective 1: To establish a tilapia quarantine and project working
area at the UHH aquaculture program facility.
We established a tilapia project working area at the farm, including shared space
in the laboratory and greenhouse. We outfitted four outdoor tanks of 5.5 m (18
ft.) in diameter with shade cloth covers for moderation of diel temperature cycles,
supported by pipe frames of geodesic dome design. We built four floating net
pens for use within the tanks for separating groups of fish. This facility was informally
examined by members of the UH Manoa Institutional Animal Care and Use
Committee (IACUC) during a Big Island visit. The committee commented that the
facility looked good and appropriate. Student assistants from UH Hilo have been
hired and trained in maintenance and record keeping.
Objective 2a: To obtain permits and import fingerling blue tilapia,
Oreochromis aureus (a state-permitted species on list C: permitted
for commerce) from a suitable commercial farm source that will
guarantee disease-free stock.
We obtained a state import permit for juvenile blue tilapia Oreochromis aureus
and imported a stock of about 750 juveniles of about 5 g weight from a fish farm
in Florida. We chose to work with O. aureus, because it is a long-standing good
choice for culture, but more important, because it is specifically permitted for
importation in Hawaii and, thus, raises no impediment to work progress. At present,
however, there is little interest in or demand for this species in the United States,
and it is now somewhat rare. Most hatcheries and production facilities are focused
either on pure O. niloticus, the world’s preferred and best-researched species, or
on a few particular hybrids. We encountered some difficulty in arranging a shipment.
The first supplier arranged was unable to perform after some delay; another was
found and the successful shipment made.
Objective 2b: To obtain permits and import fingerling Nile tilapia,
Oreochromis niloticus (recently approved for list A: restricted,
research) from a similar commercial source.
We have prepared and submitted a permit application for importation of O.
niloticus. The permit is in process by the state Department of Agriculture’s Plant
Quarantine Branch, but it has not been issued as of date of this report.
Objective 3: To quarantine the imported stocks (both species, if
permits are granted) pending examination, and to obtain
certification of disease-free status by the state fish health
management program.
We submitted and had approved a required animal care protocol to the appropriate
UH organization (IACUC). The time required for revision of the protocol in
response to numerous requests for changes created a minor delay in ordering the
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fish from out of state. The stock was quarantined at the UHH farm in the facility
described previously.
A disease screening program was devised in collaboration with the state Aquaculture
Development Program Disease Prevention (ADP-DP) laboratory, as specified in
the project proposal. A sample of 22 fish was shipped alive to the ADP-DP
laboratory at the Anuenue Fisheries Research Center at Sand Island, Oahu. All
fish arrived alive, were examined alive, and then sacrificed for various analyses.
he report of results closes with a statement that “… it is our assessment that these
representative fish are free of clinical disease” (see the full letter as an appendix at
the end of this report).
Objective 4: To grow and mature breeding stocks from the
imported population(s), both species if permits are granted.
The O. aureus stock has suffered little mortality and showed immediate increases
in weight at approximately monthly sampling intervals. Growth rates were slow
compared with our expectations, because of the cool well water in the refurbished
UHH facility. Despite some moderation of temperature cycles by the tank coverings,
the winter and spring in Hilo were also unusually cool. Summer temperatures were
normal, and the original stock of O. aureus has now grown to the age and size of
first reproduction, which in this case, was between 100 and 200 g/fish.
Objective 5: To produce offspring from the new breeder stocks of
O. aureus, and to use them to institute a breeding management
program.
We divided stock among three cylindrical, plastic outdoor tanks of 5.5 m (18 ft.) in
diameter. All three groups had begun to produce fry by the end of the project year. Fry
from the three groups are to be kept as families, which will be cross bred and assessed
for genetic change during Year 2 as part of a breeding demonstration program.
Objective 6: To obtain three existing commercial tilapia stocks from
within the state, and to perform the first growth comparison trial
between in-state and imported stocks (both species if permits are
granted).
Several potential commercial stocks were identified and collaborative work has begun
to be arranged for the proposed growth comparisons, which will begin early in Year 2.
Objective 7: To characterize the imported (both species) and
comparison stocks for genetic identification by microsatellite DNA
markers.
Support was established for a UH Hilo graduate student in the UHH laboratory of
Cedric Muir. Supplies were ordered in support of the collaborative work (genetic
characterization of fish stocks) with this lab, and arrangements and accounts for
analytical services at UH Manoa have been established.
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Initial work established methods and markers in the O. aureus stock that are
useful for comparison of the original stock to later generations and to other stocks.
Work has begun on two stocks, as specified in the proposal. The long-held stock
of tilapia at the UHH farm (an unspecified hybrid of Oreochromis species, long
inbred) was sampled for analysis by taking small fin clips from 30 individuals, all of
which survived and were returned to the population. This stock was then eliminated
from the farm, mainly by donation to interested parties, to preclude unintentional
hybridization with the new stocks. This was done before the importation of the
new O. aureus stock. Similarly, 30 of the O. aureus stock were sampled by fin
clipping; all survived and were returned to the population.
Nuclear DNA was extracted from each individual’s tissue and sent for analysis of
several microsatellite loci using labeled primers and a Beckman CEQ-8000
sequencer. All 30 of the O. aureus are homozygous at two of the microsatellite
loci examined with two of the several primer sets developed for tilapia by Dr.
Thomas Kocher. Samples from two individual fish were sequenced for one of the
loci and found to be monomorphic (indistinguishable), having an equal number of
tandem repeats. These results indicate a potentially useful degree of uniformity
among the 30 individual fish sampled, and, therefore, a statistical indication of
uniformity among the stock itself. It cannot be known without sampling other stocks,
whether these analyses will permit ready distinction among stocks.
As a second approach to characterization/distinction, a 690 base pair region of
mitochondrial DNA, locus cytochrome oxidase II (COII), was sequenced for 10
individual fish from the old farm stock and 10 of the O. aureus stock. Individuals
of the two stocks uniformly differed at 41 sites (base pairs) and were identical at
the remainder of the 690. This suggests, but does not confirm without further
comparisons (to be done during Year 2), that this analysis will be effective for
distinguishing stocks and populations.
Objective 8: To communicate the first year’s results (broodstock
management protocols, growth comparisons, draft of good
management practices) in public workshops and in widely
accessible written materials.
The animal care protocol approved by the UHM IACUC will be part of the stock
management protocols to be communicated. No other progress has been made
on this objective.
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Year 2
Objective 1: [Continues from Year 1] To obtain at least three
existing commercial tilapia stocks from within the state (one each
from Oahu, Hawaii, and Maui islands), and to perform the first
growth comparison trial between in-state and imported stocks
(both species if permits are granted). Also, to send fingerling O.
aureus to Oahu for comparison trials there.
We have made arrangements with a farm on the island of Hawaii to contribute
juvenile tilapia from their stock for growth comparison experiments; this work is
to begin in October 2006. Oahu-based work group member Clyde Tamaru has
arranged a stock for comparison trials on Oahu, for which juveniles will be shipped
to him from our UHH facilities.
Objective 2. To obtain at least two additional in-state stocks and
to perform further experimental comparisons of growth potential.
This objective is to be addressed as continuing additional work to Objective 1
above.
Objective 3: To distribute fingerlings of imported O. aureus stocks
(O. niloticus is not permitted for distribution from the farm) to
interested businesses for on-site testing, under terms to be
established with community input, avoiding interference with
markets.
No distributions have been made; several farmers have been solicited.
Objective 4: To integrate the work on importation, quarantine,
growth comparisons and stock maintenance protocols, into a
manual of best management practices, and to offer public
workshops including this information during the last half of the
project year.
No progress to date.

Work Planned
Year 2 work will include execution and genetic analysis of the effect of the proposed
stock management protocol. Results of growth comparison trials will be obtained
and communicated.
We expect to extend and complete further genetic comparisons. We are emphasizing
growth comparison trials at the time of this report; we will pursue distribution of
small numbers of stock to interested parties as the project progresses. We will
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pursue growth comparisons and genetic analyses with Nile tilapia when the import
permit is granted and a stock is obtained from out of state.

Impacts
The importation of the O. aureus stock provides a recent precendent and an
example of a successful permit application, which will facilitate future permit
applications by farmers. The same will be true for the O. niloticus permit and
importation action during project Year 2. The production of fry by the imported
stock during Year 1 makes possible the proposed growth comparison trials for
Year 2, which will allow farmers to evaluate the status and quality of their existing
stocks. They will be able to make decisions about renewal of stocks or expansion
of their old ones, which in turn will lead to continued or increased profitability. This
impact is difficult to quantify without detailed production and market data, but,
since tilapia is the state’s food fish of greatest production and sales, the potential
benefit is significant.
The successful establishment of genetic analyses that will be useful for distinguishing
tilapia stocks and populations will similarly contribute to farmers’ ability to evaluate
their stocks and potential actions to expand or upgrade them. The developing
stock management protocol will facilitate the maintenance of stock quality into the
future.
When this project is completed, producers will have improved production from
better stocks, and will be spared the time and expense of sorting out the possibilities
and arranging access. The industry will be more sustainable with research-based
protocols for importation, quarantine, and transfer (minimizing disease import and
transmission), and for maintenance of the genetic quality of breeders. Entry into
the business of supplying fingerlings to other producers will be encouraged by the
experimental results, the protocols, and their demonstration, as well as by the
active dissemination of this information. Potential new entrepreneurs will have
enhanced information available for consideration.

Publications in Print, Manuscripts, and Papers
Presented
None to date.
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