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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 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 Centers’ objectives are as follows:
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 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 Dr.
Cheng-Sheng Lee 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:


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



appoints and removes members of the IAC and the TC;



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



approves the proposed strategy for project selection;



approves the Annual Plan of Work, including budget allocations;



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



directs the Executive Director to respond to its information needs.

The members of the Board of Directors are:


Mr. John Corbin
Hawaii Department of Agriculture Aquaculture Development Program



Dr. E. Gordon Grau
University of Hawaii Sea Grant College Program



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



Dr. Reza Kamarei
The Oceanic Institute



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



Dr. Singeru Singeo
Land Grant Programs, College of Micronesia



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. It also appoints the Executive Director of CTSA. The members of the Executive Committee are:


Dr. Reza Kamarei (Executive Committee Chair)
The Oceanic Institute



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:


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



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



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



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

Members of the IAC are:


Dr. Paul Bienfang
University of Hawaii at Manoa
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Mr. J. Randy Cates
Cates International, Inc.



Mr. David Cohen
Aquatic Innovations



Mr. Brian Goldstein
Kona Bay Marine Resources, Inc.



Mr. John Gourley
Micronesian Environmental Services



Ms. Linda Gusman
Island Aquaculture



Mr. Donald Hess
College of the Marshall Islands



Mr. Steve Hopkins
Rain Garden Ornamentals



Mr. Theofanes Isamu
Palau Bureau of Marine Resources



Mr. Robert Kern
Tropical Ponds of Hawaii



Mr. Jeff Koch
Mokuleia Aquafarm



Dr. Darren Okimoto
Sea Grant Extension Service, American Samoa Community College



Mr. Peter San Nicolas
Seafood Aquaculture Inc.



Mr. Neil Sims
Black Pearls, Inc.



Dr. Richard Spencer (Chair)
Hawaiian Marine Enterprises



Mr. Joseph Tabrah
The Oceanic Institute



Mr. Andy Tafleichieg
Yap Marine Resources Division



Mr. Frank Toves
Anki’s Enterprise
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Mr. Ron Weidenbach
Hawaii Fish Co.



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 the preproposals
submitted to CTSA. The Board of Directors appoints members for two-year,
renewable terms. The TC:


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



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



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



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



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



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 members of the TC are:


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



Ms. Kristen Anderson
University of Hawaii at Manoa
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Mr. Richard Bailey Jr.
Aquatics Design and Construction, LLC



Dr. John Brown
University of Guam



Mr. David Coleman
Leeward Community College



Mr. David Crisostomo
University of Guam



Mr. Simon Ellis
Mid-Pacific Marine Consultants



Dr. Maria Haws
University of Hawaii at Hilo



Dr. Kevin Hopkins
University of Hawaii at Hilo



Mr. Tom Iwai
Anuenue Fisheries Research Center



Dr. PingSun Leung
University of Hawaii at Manoa



Dr. Wai-Kit Nip
University of Hawaii at Manoa



Dr. Anthony Ostrowski
The Oceanic Institute



Mr. Vernon Sato



Dr. Peter J. Schupp
University of Guam



Mr. Howard Takata
University of Hawaii at Hilo



Dr. Christopher Winn
Hawaii Pacific University
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Executive Summary
PROGRAM SCOPE
During 2004, the Center for Tropical and Subtropical Aquaculture completed
work on projects funded under its Fourteenth Annual Plan of Work and continued
work on projects funded under its Fifteenth and Sixteenth Annual Plans of Work.
In addition, in August 2004, CTSA initiated work on projects developed under its
Seventeenth Annual Plan of Work and began developing its Eighteenth Annual
Plan of Work.
Eight projects were funded under CTSA’s seventeenth year program, which was
approved by CTSA’s Board of Directors on January 15, 2004. Seven were continuations of projects begun under the programs of previous years, and one was a
new project.
Since the inception of CTSA in 1986, it has funded 177 research, demonstration,
development, and extension projects. Twenty-one projects were active during
2004. These projects fall into five categories:


Information Dissemination



Extension Support to Further Industry Development



Marketing and Economics



Development of New Technologies



Demonstration and Adaptation of Known Technologies

These projects address information dissemination:
 Library Aquaculture Workstation, Years 15 and 16
 Publications, Years 13 and 14
These projects address Extension Support to Further Industry Development:
 Disease Management in Hawaiian Aquaculture, Years 9 and 10
 Transitioning Hawaii’s Freshwater Ornamental Industry, Year 3
 Addressing Some Critical Bottlenecks to Commercially Viable HatchDecember 2004  9
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ery and Nursery Techniques for Black-Lip Pearl Oyster Farming in
Micronesia, and Population Genetics of the Black-Lip Pearl Oyster
(Pinctada margaritifera)
 Aquaculture Extension and Training Support for the U.S.-Affiliated
Pacific Islands, Year 14
This projects addresses marketing and economics:
 Economic Feasibility for Freshwater Ornamental Fish Growers in
Hawaii to Market their Products Directly to West Coast Retailers
These projects address development of new technologies:
 Aquaculture of Marine Ornamental Species, Year 3
 Marine Ornamentals Phase II: Techniques for Large-Scale Production of Pygmy Angelfish, Year 1
 Reproduction and Selective Breeding of the Pacific Threadfin
 Aquaculture of Hawaiian Marine Invertebrates for the Marine Ornamental Trade, Years 1 and 2
 Pacific Threadfin Fingerling Transport Technology Development,
Year 1
 Amberjack (Seriola rivoliana) Nursery Fingerling Production, Year 1
 Postharvest Handling and Storage of Limu, Year 1
These projects address demonstration and adaptation of known technologies:
 Evaluation of Tilapia Species and Varieties for Establishment of a Tilapia Hatchery in Guam, Year 1
 Improving Sturgeon Farming in Hawaii, Years 1 and 2
 Transitioning Hawaii’s Freshwater Ornamental Industry, Years 1– 3
A brief listing of the principal accomplishments of the active projects in these
categories during 2004 is presented below. Details on each project’s funding,
participants, objectives, anticipated benefits, progress, and future plans are presented in the Progress Reports section.

Information Dissemination
Library Aquaculture Workstation
This project continued to offer free and efficient document delivery services that
give farmers and researchers access to information they would otherwise not have.
In Year 15, project staff responded to 784 requests for direct assistance by returning to users 1,793 articles totaling 23,419 pages delivered almost exclusively
10  Center for Tropical and Subtropical Aquaculture
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by e-mail. In the Year 16 reporting period, project staff responded to 439 requests for direct assistance by returning to users 939 articles totaling 12,044 pages
delivered almost exclusively by e-mail.
Publications
This project continued to help disseminate CTSA project results throughout the
region. In Years 13 and 14, the quarterly newsletter was printed and disseminated
in March, June, September, and December 2003 and March, June, and September
2004. The staff assisted with the editing and layout of one publication and distributed
numerous other CTSA and RAC publications throughout the region. The staff
also assisted with revisions to the Procedures of the Center for Tropical and
Subtropical Aquaculture, which was completed and distributed in April 2004.

Extension Support to Further Industry Development
Disease Management in Hawaiian Aquaculture
This project continued to provide invaluable diagnostic support and pathogen
testing and disease surveillance services in order to control and prevent the spread
of disease. In Year 9, project researchers established two cell lines from Pacific
threadfin and two cell lines from bluefin trevally. The cell lines will be used as
laboratory tools for disease diagnosis. Project researchers also conducted tests to
determine whether viruses could be the cause of an unknown disease in Chinese
catfish and of a tumor disease in angelfish. Preliminary data suggest that viruses
are not responsible for these diseases. In an effort to detect possible vectors for
disease transmission, samples of chilled and frozen shrimp were collected from
various markets on Oahu and tested for selected shrimp viruses. None of the
samples tested positive for Taura syndrome virus (TSV) or yellow-head virus
(YHV). However, the majority of the samples tested positive for white spot
syndrome virus (WSSV) and infectious hypodermal and haematopoietic necrosis
virus (IHHNV). Researchers also investigated fatty livers in aquacultured moi to
see if they affected the taste and health of the fish. There appeared to be no
difference in the taste.
In Year 10, researchers determined that low doses of hydrogen peroxide can be
used to effectively treat ectoparasites on African cichlids, but not on striped
snakeheads or Chinese catfish. This would give farmers another treatment option
that is safer than formalin. Work continued on the further propagation and
characterization of the cell lines established in the past four years. Project staff
also conducted four animal health classes to give farmers the knowledge and skills
to better manage their farms. Finally, as part of the plan to develop a Cryptocaryon
vaccine to help farmers control this deadly parasite, an expression library is being
produced from genomic DNA isolated from the parasite.
December 2004 
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Transitioning Hawaii’s Freshwater Ornamental Industry
This project has aided industry growth, and fish from Hawaii are gaining a reputation
for excellent quality and limited disease problems. Technology transfer activities
throughout Years 1–3 included numerous site visits, workshops, tours, and oneon-one communications. Project researchers also published numerous journal and
newsletter articles on various project topics as well as a manual on the artificial
insemination of the lyretail swordtail.
In Year 1, project staff demonstrated: (1) stocking density effects on growth,
survival, and sex ratio of swordtails, (2) high density culture of Moina using
Chlorella and “green water” from recirculating systems, and (3) that arachidonic
acid, and not docosahexanoate (DHA), appears to be essential for maturation
and spawning of freshwater ornamental fish.
In Year 2, the minimum effective dosage of Ovaprim for use in the induction of final
maturation and spawning was determined for both the redtail and rainbow sharks.
Likewise, the suitability of commercially available formulated diets was tested
amongst a variety of first-feeding fish larvae. The results clearly demonstrated that
the ability to utilize an artificial feed as an intial food item for first-feeding larvae is
species specific. Project staff also field tested the artificial insemination technique
to produce swordtails with the lyretail characteristic, and it was clearly demonstrated
that the lyretail trait is a dominant genetic trait that is being inherited in Mendelian
fashion. However, the most intriguing part about the ability to cross a lyretail male
and a lyretail female is that 25% of the offspring will have the homozygous lyretail
genotype. Project researchers successfully demonstrated this repeatedly. The
significance of the homozygous individual is that it will theoretically be able to
produce progeny that are 100% lyretails, and lyretails are two to three times
higher in value than common swordtails. Although the characteristics and mode of
inheritance of the lyretail trait were postulated many years ago, to our knowledge,
this is the first time that homozygous lyretail swordtails have actually been
documented.
In Year 3, results demonstrated that the percentage of lyretail offspring can be
increased through the use of artificial insemination. Regarding specializing in the
production of freshwater ornamental fish, research results indicated that output
would have to be very high for such a hatchery to become cost-effective.
Addressing Some Critical Bottlenecks to Commercially Viable
Hatchery and Nursery Techniques for Black-Lip Pearl Oyster
Farming in Micronesia and Population Genetics of the Black-Lip
Pearl Oyster (Pinctada margaritifera)
The industry in Micronesia relies largely on hatchery-propagated spat, and project
researchers intend to find ways to improve hatchery and nursery methods. Project
researchers conducted a nursery experiment, and the data is currently being analyzed

12  Center for Tropical and Subtropical Aquaculture

Executive Summary

to determine optimum stocking and feed densities. Project staff have also been
providing training for local Micronesians. To determine the natural spawning seasons
for black-lip pearl oysters in Pohnpei, project staff have collected and deployed
oysters at various sites for periodic sampling.
It is anticipated that understanding pearl oyster population genetics will promote
better stock management decisions. Thus far, project researchers have extracted
genomic DNA from 130 tissue samples from nine different sites in the region.
Most of the samples have been processed to perform AFLP analysis.
Aquaculture Extension and Training Support for the U.S.-Affiliated
Pacific Islands
This project revived black-lip pearl oyster spat production in the Marshall Islands.
Project staff remodeled a hatchery at the College of the Marshall Islands’ Arrak
campus to propagate pearl oysters. They conducted two successful hatchery runs,
and both produced more than enough spat for local industry and research needs.
The first run in July 2003 yielded 1.07 million settled spat, which were distributed
to the two local companies who each received 357,000 spat. The second run in
May 2004 was culled extensively to yield 260,000 spat, which supplied the two
local companies with 125,000 spat each. The remaining spat were held at the
Arrak campus for research purposes. Seven local individuals and one outer-island
worker received training in pearl oyster hatchery techniques and farm husbandry.

Marketing and Economics
Economic Feasibility for Freshwater Ornamental Fish Growers in
Hawaii to Market their Products Directly to West Coast Retailers
This project will help producers make informed business decisions. Project staff
have conducted a survey of the freshwater ornamental industry in Hawaii and
summarized the findings in a report.

Development of New Technologies
Aquaculture of Marine Ornamental Species
Several colonies of captive yellow tang were established during project
Year 1. However, in Year 2, egg fertilization rates were problematic and larvae
supply was sufficient to carry out only preliminary rearing trials. Also in Year 2,
significant progress was made in flame angelfish larviculture within CTSA- and
December 2004 

13

Seventeenth Annual Accomplishment Report

NOAA-funded projects and led to the production of the world’s first captivereared juvenile flame angelfish. Year 3 work was directed toward the development
of pilot-scale rearing methods for flame angelfish. Flame angelfish broodstock
populations were expanded, which proved to be a challenging endeavor, and the
broodstock system was converted to water reuse to mitigate the problems. Yellow
tang broodstock populations were also expanded and maintained. Early in the
project, a trial was carried out to compare semi-intensive versus intensive rearing
of flame angelfish larvae. Survival rates were observed to be higher in the intensive
rearing tanks than in the semi-intensive rearing tanks.
Marine Ornamentals Phase II: Techniques for Large-Scale
Production of Pygmy Angelfish
The initiation of this project was targeted for early in 2004. However, storm damage
to the Doherty Research Hatchery Facility and slow progress in commissioning
the new flame angelfish broodstock systems have delayed project initiation.
However, the broodstock holding system is now nearly complete.
Reproduction and Selective Breeding of the Pacific Threadfin
This project’s efforts to enhance aquaculture performance through genetic selection
will provide new opportunities to increase industry efficiency. Successfully stripspawning Pacific threadfin broodstock in pairs or small groups proved to be difficult,
and therefore, eggs were obtained from larger group spawns. The Pacific threadfin
genetic selection project progressed behind schedule due to the slower than
anticipated maturation and initiation of spawning of growth-selected and control
animals. Data suggest that portions of the Pacific threadfin broodstock population
reach the female stage of development between 11 and 16 months of age and
initiate spawning around 2.5 years. Growth-selected broodstock began spawning
sporadically in May 2003, and the control broodstock followed in September.
Both produced fertile spawns in July 2004. The July 2004 spawns from the growthselected and control broodstock generated the seedstock needed for the growth
performance evaluations.
Aquaculture of Hawaiian Marine Invertebrates for the Marine
Ornamental Trade
This project determined that feather duster worms and one species of soft coral
can be developed for the marine ornamental trade. This project will equip farmers
with some basic information needed to begin culturing feather duster worms and
thereby reduce pressure on heavily collected wild stocks. In Year 1, project staff
conducted growth trials on wild-caught juvenile feather duster worms. The data
clearly show that the groups fed Chaetoceros grew significantly faster than the
ones that received only water directly from Kaneohe Bay. Apparently, feather
duster worms can only utilize phytoplankton in their diet. The finding that the group
fed only Kaneohe Bay seawater also grew during the same period indicates that
the minimum amount of food required to sustain feather duster worms is not very
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great. Using this data, it was projected that the feather duster worms grow at a
rate where they can be harvested at market size within a year.
Project staff also successfully induced spawning in feather duster worms by ablating the worms at the base where the coelomic contents could be viewed under a
compound microscope. Three days after ablation, the feather duster worms in the
treated tanks were observed to be spewing gametes. The entire experiment was
repeated in November, and the same results were obtained. These two successful
induction-of-spawning trials provided project staff with the opportunity to document the early life history of the feather duster worm.
Project staff conducted an experiment from January to April 2003 to compare
growth of three varieties of soft corals on various substrates and exposed to three
different means of water motion. One species (Zoanthus sp.) produced significantly more polyps than the other two species under all of the conditions. Improvement in growth for the other two species (Protopalythoa sp. and Z. pacifica) requires further investigation. Lastly, a mass grow-out trial of Zoanthus sp.
was conducted. Currently, there are at least 10,000 polyps of this species. Starter
fragments of this species appear to be able to add approximately 20 polyps per
month.
In Year 2, results from spawning trials indicated that to date, the ablation technique
is the only successful method for the artificial spawning of feather duster worms.
Also, preliminary results indicate that feather duster worms do not grow well on a
diet of artificial or preserved feeds.
Pacific Threadfin Fingerling Transport Technology Development
This project aims to facilitate the movement of large numbers of fish between
facilities to assist scale-up of production to levels to achieve the necessary economies of scale to become competitive in the world seafood trade. Project initiation
was delayed due to the extensive storm damage to the Doherty Research Hatchery Facility that was encountered in December 2003 and January 2004. The
necessary repairs were completed in October 2004, allowing for the initiation of
the Year 1 work plan. A preliminary “shake-down” trial was successfully completed and saw the successful use of standard plastic insulated 48-quart “picnic”
coolers equipped with air stones for delivering metered oxygen to treatment animals. The necessary equipment and supplies have been ordered for large-scale
experimental trials.
Amberjack (Seriola rivoliana) Nursery Fingerling Production
The nursery production system design and tank set up have been completed.
Postharvest Handling and Storage of Limu
This project has mainly worked with Gracilaria salicornia, which has an aver-
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age shelf life of four days. The project plans to explore ways to maintain quality
and extend post-harvest life of limu in order to expand the export market. Calcium
and ammonium dips were tested at 12.5 to 23° C, but did not improve the shelf
life. Preliminary results suggested that 15 to 17°C is the optimal temperature range
for storage. Project researchers have also begun to examine different types of
modified-atmosphere packaging.

Demonstration and Adaptation of Known Technologies
Evaluation of Tilapia Species and Varieties for Establishment of
a Tilapia Hatchery in Guam
After some initial setbacks due to Supertyphoon Pongsona, project staff were
able to import five varieties of male tilapia fry and broodstock from Thailand, the
Philippines, and Taiwan: (1) Oreochromis niloticus var. ‘Chitralada’, (2) O.
niloticus var. ‘Philippine Selected’, (3) O. niloticus var. ‘GMT’, (4) GIFT variety,
a hybrid developed from six varieties and species of tilapia, and (5) a hybrid of O.
niloticus x O. mossambicus. Project staff evaluated the growth rates of these
varieties in partitioned raceways at the Guam Aquaculture Development and Training
Center. Average daily growth was greatest for the Philippine Selected at 5.70 g.
However, growth rates for the GIFT and hybrid varieties are not yet available
because they have not completed their growth trials. Broodstock of all five strains
are being grown for Year 2 project work.
Improving Sturgeon Farming in Hawaii
Project researchers encountered difficulties and delays in obtaining eyed sturgeon
eggs from various sources. However, in June 2004, they were finally successful in
obtaining viable sturgeon fry. There are now Siberian sturgeon populations at four
farms in Hawaii. The project has also demonstrated that farmers need to supplement
their water with calcium during the nursing stage. Training activities included two
sturgeon reproduction and hatchery workshops in March 2003 and March 2004.
Due to the difficulty in obtaining sturgeon eggs or fry and the delay in construction
of the facility the project planned to use, Year 2 work has not yet begun.
Transitioning Hawaii’s Freshwater Ornamental Industry
See page 12.
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A Look Ahead at Year 18
Development
The development of the Year 18 program was initiated in February 2004 at the
annual meeting of the IAC. The IAC reviewed the progress of funded projects
and recommended research priorities that would aid industry development based
on the 30 concepts submitted by farmers and researchers from the region. Members identified 11 project areas as funding priorities that formed the basis for a call
for preproposals. Thirteen preproposals were submitted in response to the call,
and eight applicants were then asked to submit a full proposal. Eight proposals, in
addition to the Publications, Information, and Library proposal, were submitted
and will be forwarded to the Board of Directors in January 2005 as the Year 18
Plan of Work.

Proposals
1. Improving Sturgeon Hatchery and Production Efficiency in Hawaii, Year 3
2. Intensive Microalgae Production
3. Improved Stocks and Management Practices for Commercial Tilapia Culture
in Hawaii and the Pacific Region
4. Disease Management in Pacific Aquaculture, Year 12
5. Aquaculture Extension and Training Support for the U.S.-Affiliated Pacific
Islands with a Special Emphasis on Hatchery Propagation of the Black-Lip
Pearl Oyster (Pinctada margaritifera), Year 16
6. Amberjack Aquaculture Development, Year 3
7. Feasibility Analysis of Shrimp Waste Processing Alternatives
8. Determining the Optimal Nutritional Requirements for the Chinese Catfish,
Clarias fuscus
9. Publications, Information, and Library

December 2004 
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Review
In July 2004, CTSA began its two-month review process. All proposals were
subjected to peer review by at least three experts in the project topic area. Proposals were then reviewed by an internal proposal review panel on October 19,
2004. The IAC chair will present the proposals to the Center’s Board of Directors for approval on January 13, 2005. These proposals will be incorporated into
the Year 18 Plan of Work and will be submitted to the U.S. Department of Agriculture Cooperative State Research, Education, and Extension Service for final
approval.
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Progress Reports
An individual summary of the principal accomplishments of the active projects in these categories during 2004 is presented in the following pages. Details on each project’s funding, participants, objectives, anticipated benefits, progress, work planned, impacts, and publications are
presented. Information and results from previous years can be found in the correlating year’s
annual accomplishment report.
Library Aquaculture Workstation, Years 15 and 16

Page 21

Publications, Years 13 and 14
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Library Aquaculture Workstation
(PRAISE), Years 15 and 16
General Information
Reporting Period

October 1, 2002–March 31, 2004 (Year 15, final report)
January 1, 2004–September 30, 2004 (Year 16)

Funding Level

Year
1
2
3
4
5
6
7
8

Participants
Years 15 and 16

Kristen Anderson, Reference Librarian
University of Hawaii at Manoa

Amount
$7,000
$6,700
$6,000
$7,000
$20,000
$14,100
$28,000
$49,000

Year
Amount
9
$25,000
10
$30,000
11
$24,000
12
$23,000
13
$28,850
14
$25,230
15
$25,000
16
$26,000
TOTAL $344,880

Lois Kiehl-Cain, Assistant
University of Hawaii at Manoa
Year 16 only

Kevin Hopkins, Ph.D., Interim Director
Pacific Aquaculture and Coastal Resources Center, University of Hawaii at Hilo
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Objectives
Year 15
1. Develop innovative user education products. For Year 15, testing and review
of the tutorial developed in Year 14, translating the tutorial to streaming video,
and burning the video onto CD for distribution. PRAISE will investigate the
application of DVD, video, and other technologies, where costs and usefulness are appropriate.
2. Develop a Web form to request delivery of species- or subject-specific bibliographies via CD, DVD, video, or other formats as appropriate.
3. Continue to provide established services.
4. Technology transfer.
Year 16
1. Create the chapter template and gather the basic information for Synopses of
Culture Techniques, volume 9 of the educational series on aquaculture techniques being developed by University of Hawaii at Hilo faculty.
2. Establish and maintain a listserv for Pacific aquaculture.
3. Continue to provide established services.
4. Technology transfer.

Anticipated Benefits
Providing practitioners with the resources to develop the skills they need to obtain
information makes them self-sufficient. Providing alternative resources through which
they can develop their skills no matter where they are located profits the entire
community. Swift and accurate dissemination of information allows practitioners to
be aware of the latest progress in all phases of the industry.
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Work Progress and Principal Accomplishments
Year 15
Objective 1: Develop innovative user education products. For
Year 15, testing and review of the tutorial developed in Year 14,
translating the tutorial to streaming video, and burning the video
onto CD for distribution. PRAISE will investigate the application
of DVD, video, and other technologies, where costs and usefulness are appropriate.
PRAISE staff tested the tutorial and learned much about streaming video, but due
to the lack of interest, demonstrated by zero hits on this site, we did not spend the
time to actually develop the streaming video version of the tutorial. It is theorized,
and supported by others in library education, that most Web end-users do not
take the time to educate themselves on how best to utilize the Web; they just get
on-line and search. While we will continue to try new methods of assisting the
aquaculture community in their research pursuits, we felt it was not a good use of
resources to make this video tutorial. We have instead focused our time on providing established services and trying to get copyright permissions to digitize the
Pacific gray literature.
Objective 2: Develop a Web form to request delivery of speciesor subject-specific bibliographies via CD, DVD, video, or other
formats as appropriate.
The form has been developed and is available as one of the options on the “Services Offered” page of the PRAISE Web site.
Objective 3: Continue to provide established services.
The PRAISE staff continues to offer established services and promote technology
transfer. 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 offer document delivery services to the U.S.affiliated Pacific region. The impacts of these services are explained in the “Impacts” section.
Objective 4: Technology transfer.
The PI and the ADAP (Agriculture Development in the American Pacific) librarian
work closely with librarians in the Pacific region to promote services and education. Between the two of us, we make at least one site visit to the Pacific every
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year. We are striving to assist in developing affordable resource sharing within the
region.
We have the capability to provide subject bibliographies and the Pacific Gray
Literature database as a CD on demand. Full text of our gray literature is not yet
available because we have yet to receive permission to digitize all of the materials.
We contacted 69 authors of documents listed in the Pacific Gray Literature databases seeking copyright permission to digitize their documents. This is an incredibly time consuming project because we must first locate contact information for all
of the authors and then ask them for their permission. At this time, we have been
successful in acquiring permission to digitize only seven documents, and that has
been done. As part of the Gray Literature project, we have approached the director of the University of Hawaii’s Marine Option Program (MOP) regarding digitizing students’ final papers that they must submit to get their MOP certificate. This
project is progressing.
Year 16
Objective 1: Create the chapter template and gather the basic information for Synopses of Culture Techniques, volume 9 of the
education series on aquaculture techniques being developed by
University of Hawaii at Hilo faculty.
The chapter template was discussed with Dr. Kevin Hopkins and his staff. Suggestions were submitted, and they selected what worked best with their software.
The PRAISE staff continues to collect the basic data, which have not yet been
submitted to Dr. Hopkins.
Objective 2: Establish and maintain a listserv for Pacific aquaculture.
The listserv has been established and has been in service since January 2004. The
address is pacificaquaculture-l@hawaii.edu with the description, “Discussion list
for those interested in aquaculture in the Pacific region.”
Objective 3: Continue to provide established services.
Dissemination of information via on-line research and document delivery is ongoing. See “Impacts.” We suffered a setback with the flash flood of October 30,
2004, which caused extensive damage to the University of Hawaii’s Hamilton
Library. The PRAISE server was in the basement and was destroyed by the flood.
This forced the PRAISE staff to temporarily host the Web site on a substitute
server. Fortunately, we had backed everything up, but we will be unable to post
documents for delivery until the server is replaced. We can still deliver directly to a
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requester’s e-mail. It remains to be seen whether insurance will replace the server.
Objective 4: Technology transfer.
Links to the full text of our gray literature are in place for those documents that are
already on the Web and for the seven for which we have the authors’ copyright
releases. PRAISE staff will continue to pursue copyright releases for the titles
listed in the Gray Literature Bibliography.

Work Planned
Year 16
The PRAISE staff will continue to collect species information for the UH Hilo
textbook. We are currently behind schedule in all aspects of our work because of
the flood. We resumed filling research requests and delivering documents as soon
as we had electricity and a network connection, which was one week after the
flood. We will continue to request copyright permissions and to work with the
director of the University of Hawaii’s Marine Option Program to digitize the best
of the final papers students must submit to obtain their MOP certificate. These will
become part of the Gray Literature Bibliography project because they are relevant
to the Pacific region.

Impacts
The PRAISE Web site
(http://library.kcc.
hawaii.edu/praise/
index.html) is an
excellent resource for
the region, and it
specializes in efficient
document delivery
services.

The 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 the Aquatic Sciences and Fisheries Abstracts database, 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:
Year 15
36,341 queries (database searches) averaging 3 minutes each or 1,817.05 hours
on-line at $60 per hour = $109,023
1,793 articles at $18 each = $32,274
Total = $141,297
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In replying to 784 requests for direct assistance, 5,469 of those queries were emailed to PRAISE patrons (students, farmers, and researchers who used the
PRAISE service). The 1,793 articles represent 23,419 pages delivered almost
exclusively by e-mail. The staff responded to 357 miscellaneous requests.
Year 16
17,642 queries (database searches) averaging 3 minutes each or 882.1 hours online at $60 per hour = $52,926
939 articles at $18 each = $16,902
Total = $69,828
In replying to 439 requests for direct assistance, 3,863 of those queries were emailed to PRAISE patrons. The 939 articles represent 12,044 pages delivered
almost exclusively by e-mail. The staff responded to 208 miscellaneous requests.
The PRAISE Web site allows users to make requests on-line, publicizes research
being done in the Pacific via the Gray Literature Bibliography, and gives local
vendors a venue to advertise themselves to the world.
When the staff at UH Hilo finish their series of on-line books, it will be a great day
for aquaculture education. The series will provide background and reference information that instructors can use to design their coursework and students can
access from anywhere.

Publications in Print, Manuscripts, and
Papers Presented
Year 16
Anderson, K.L. 2004. Electronic research techniques and topics for aquaculturists.
Page 24 in Aquaculture 2004: Book of Abstracts. March 2–5, 2004, Honolulu,
Hawaii. World Aquaculture Society, Baton Rouge, Louisiana, USA.
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Publications, Years 13 and 14
General Information
Reporting Period

October 1, 2002–March 31, 2004 (Year 13, final report)
April 1, 2004–September 30, 2004 (Year 14)

Funding Level

Year
1
2
3
4
5
6
7

Participants
Years 13 and 14

Cheng-Sheng Lee, Ph.D., Executive Director
Center for Tropical and Subtropical Aquaculture, The Oceanic Institute

Amount
$10,000
$10,000
$12,000
$15,000
$38,000
$18,000
$18,000

Year
Amount
8
$18,000
9
$18,000
10
$18,000
11
$33,600
12
$33,600
13
$33,600
14
$54,756
TOTAL $330,556

Debra Sasaki, Publications Specialist
Center for Tropical and Subtropical Aquaculture, University of Hawaii at Manoa
Alcian Clegg, Administrative Assistant
Center for Tropical and Subtropical Aquaculture, The Oceanic Institute
Year 13 only

Kai Lee Awaya, Information Specialist
Center for Tropical and Subtropical Aquaculture, The Oceanic Institute

Year 14 only

Andrew Hashimoto, Ph.D.
University of Hawaii at Manoa
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Objectives
Year 13
1. Inform people involved in education and from industry, of pertinent aquaculture information and the status of aquaculture in the region through various
forms of media.
2. Through dissemination of our and other publications, inform the aquaculture
community and interested parties of CTSA project progress in relation to our
mission.
Year 14
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 our and
other publications.

Anticipated Benefits
Year 14
The main benefit of this project is that it 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.

Work Progress and Principal Accomplishments
Year 13
Objective 1: Inform people involved in education and from industry of pertinent aquaculture information and the status of aquaculture in the region through various forms of media.
The project continued to publish its quarterly Regional Notes newsletter in March,
June, September, and December 2003 and March 2004. The September 2003
issue reported on the status of aquaculture in American Samoa, and the March
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2004 issue featured a summary of the industry’s status given by island representatives from Hawaii, Guam, the Marshall Islands, and the Commonwealth of the
Northern Mariana Islands (CNMI). Other articles highlighted various aquaculture-related events in the region such as the first tilapia cook-off in the CNMI,
Oceanic Institute updates, the 2003 Hawaii Aquaculture Association Conference,
the first pearl auction in the Marshall Islands, the Aquaculture 2004 Conference,
which was held in Hawaii, and CTSA program updates.
Project staff participated in editing and formatting one publication, CTSA Publication No. 150, Overview of Aquaculture Permitting Issues in the Commonwealth of the Northern Mariana Islands, USA, which is available on our Web
site (www.ctsa.org). It was not printed in hard copy format because it is anticipated that the information will be periodically updated. Project staff also worked
with editors on a chapter titled “Giant clam (Bivalvia: Tridacnidae)” submitted for
publication in the book Aquaculture in the 21st Century.
Project staff assisted in the revision of the December 2000 Procedures of CTSA
manual. The manual was revised to improve CTSA’s project development and
implementation processes.
The Web site was also maintained and updated as needed.
Objective 2: Through dissemination of our and other publications,
inform the aquaculture community and interested parties of CTSA
project progress in relation to our mission.
CTSA’s 2002 Annual Accomplishment Report was completed and distributed in
February 2003. The 2003 Annual Accomplishment Report was completed and
distributed in January 2004. The Regional Notes also featured articles on CTSA’s
Sturgeon, Freshwater Ornamental, National Aquaculture Extension Conference,
and Aquaculture Extension and Training Support projects
Project staff responded to requests from throughout the CTSA region and the
continental U.S. for CTSA publications, which included over 12 different print
publications and two videos. Project staff automatically disseminated our latest
print publication, CTSA Publication No. 149, Procedural Guide for the Artificial Insemination of the Lyretail Swordtail, Xiphophorus helleri. Project staff
also responded to regional requests for publications published by other RACs.
Year 14
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.
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The quarterly Regional Notes newsletter was published in June and September
2004. Articles highlighted various aquaculture-related events in the region such as
CTSA program updates, including the Board of Director’s first semi-annual meeting in Guam, news about a College of Micronesia Land Grant pearl project, and
Oceanic Institute updates. The revised Procedures of CTSA manual was published and distributed in April 2004. Project staff have also continued to maintain
and update the Web site as needed.
Objective 2: Inform the aquaculture community and interested
parties of the progress of CTSA projects in relation to our mission through the dissemination of our and other publications.
Project staff are currently working on the 2004 Annual Accomplishment Report.
The Regional Notes also featured articles on CTSA’s Freshwater Ornamental,
Aquaculture Extension and Training Support, and Disease Management projects.
Project staff responded to requests from throughout the CTSA region and the
continental U.S. for CTSA publications, including at least seven different print
publications. Project staff also responded to regional requests for publications
published by the other RACs.

Work Planned
Year 14
The staff will produce and publish the December 2003 and March 2004 issues of
the quarterly newsletter, maintain the Web site, finish the 2004 Annual Accomplishment Report and continue to disseminate information. The project has also
been looking for sources and authors to write an article on the traditional practices
of aquaculture in Hawaii or a related subject.

Impacts
This project has helped to disseminate aquaculture results and information throughout
the region to enhance viable and profitable U.S. aquaculture production to benefit
consumers, producers, service industries, and the American economy.
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Publications in Print, Manuscripts, and
Papers Presented
Year 13
Lee, C-S and K. Awaya. 2003. Suggestions for viable aquaculture development
in the U.S. Affiliated Pacific Islands–lessons from giant clam farming and sponge
farming. Aquaculture Economics & Management 7(1/2): 125–135.
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Disease Management in Hawaiian Aquaculture, Years 9 and 10
General Information
Reporting Period

September 1, 2002–July 31, 2004 (Year 9, final report)
December 1, 2003–September 30, 2004 (Year 10)

Funding Level

Year
1
2
3
4
5

Participants
Years 9 and 10

Dee Montgomery-Brock, Aquatic Health Associate
Aquaculture Development Program, Hawaii Department of Agriculture

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

Year
Amount
6
$51,934
7
$81,991
8
$67,902
9
$89,529
10
$88,346
TOTAL $641,502

Yuanan Lu, Ph.D., Associate Researcher
Retrovirology Research Laboratory, University of Hawaii at Manoa
Year 10 only

Teresa Lewis, Ph.D., Assistant Researcher
Hawaii Institute of Marine Biology, University of Hawaii at Manoa

Objectives
Year 9
1. (a) Establish cell lines from Pacific threadfin (moi) for use in the isolation and
early detection of pathogenic viruses and (b) early detection of pathogenic
viruses in moi and other marine and freshwater fish.
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2. Test frozen commodity shrimp for selected shrimp viruses.
3. Investigate the relationship between commercially raised moi and fatty livers
through the use of on-farm surveys.
4. Continue to provide diagnostic support, pathogen testing, and disease
surveillance services to fish and shrimp farms and commercial hatcheries
in Hawaii.

Year 10
1. Establish a low-dose, long-term treatment for ectoparasites, using hydrogen
peroxide in a treatment regime similar to that which is available for formalin.
Efficacious and safe treatment levels of hydrogen peroxide will be established
for three species of fish, Chinese catfish (Clarias fuscus), tilapia, and the
yellow tang (Zebrasoma flavescens). Articles will be published in the CTSA
Regional Notes newsletter, detailing the efficacy of hydrogen peroxide on the
three fish species listed.
2. Complete the work on fish cell lines already established and in passage. Immortalize and maintain the cell lines for the identification of viral disease in both
aquacultured and wild fish. During Year 10, we will report the relevant findings
from new cell line cultures developed over the past four years as part of the
CTSA Disease Management project. A minimum of three review articles will
be submitted for publication in peer-reviewed journals, detailing the establishment and characterization of cell lines established during the past four years.
3. Conduct a minimum of six classes, focusing on fish health and best management practices. Transfer of this information will be done on-site in the classroom with the use of lectures, videos, and handouts.
4. Identify the life stage of Cryptocaryon irritans (host-associated or free-swimming) best suited for generation of an expression library for use in an immunization protocol for Pacific threadfin (moi) and initial characterization of Pacific
threadfin (moi) antibodies. The initial findings from this research will be published in a short article in the CTSA Regional Notes newsletter.
5. Continue providing diagnostic support, pathogen testing, and disease
surveillance services to fish and shrimp farms and commercial hatcheries
in Hawaii.

34  Center for Tropical and Subtropical Aquaculture

Disease Management

Anticipated Benefits
Year 10
Farmers have few
treatment options to
combat ectoparasites,
and hydrogen peroxide
will be tested as a safer
alternative to formalin.

Ectoparasites have been the cause of mass mortality and impaired fish health at
aquaculture facilities in Hawaii. Formalin and copper have long been the chemicals
of choice to treat infestations of parasites in fish populations. Hydrogen peroxide is
emerging as a chemical that has the same effectiveness as formalin in treating ectoparasites. A number of farmers in Hawaii have used hydrogen peroxide to treat for
parasites. These farmers would rather use this chemical than formalin, due to the
rather innocuous byproducts released by hydrogen peroxide and the fact that using hydrogen peroxide does not deplete oxygen in the rearing tanks. An established long-term/low-dose treatment using hydrogen peroxide, similar to the 25
ppm, long-term treatment that is available with formalin, could provide the aquaculture community with more than one ectoparasite treatment option. In addition,
the documented results could aid in the Investigational New Animal Drug (INAD)
process for hydrogen peroxide as a tool for aquaculturists everywhere.

Cell lines will be used
as laboratory tools for
disease diagnosis.

Viruses are important pathogens to many species of aquacultured fishes. Increasingly, new diseases have been encountered in groups of ornamental fishes
imported into Hawaii that may have a viral etiology. Appropriate cell lines are
necessary for the cultivation and isolation of pathogenic viruses from aquaculturally
important fishes. Without appropriate cell culture systems, the development of
preventative strategies for viral diseases and the inspection of batches of juvenile
fish for health certification are severely limited. Homologous fish host cell lines are
an essential first line of defense for the detection and surveillance of viruses important to fish health programs.

Animal health classes
give farmers the
knowledge and skills
to better manage
their farms.

Ornamental fish health classes have been conducted for the past six years. The
classes have concentrated on identifying disease through fish behavior and the use
of a microscope. In Year 10, we modified these classes and focused each workshop on the product being raised by the attendees. The workshops were geared
towards the producers of food fish, ornamental fish, and shrimp. Similar to what
had been taught in the past, the classes still focused on disease identification and
prevention, but concentrated more specifically on problems that may be encountered in each type of aquaculture and emphasized best management practices.
This allowed for more streamlined information dissemination to farmers.

Development of a
Cryptocaryon vaccine
would enable farmers
to control this deadly
parasite.

Cryptocaryon irritans is a ciliated parasite known to cause heavy mortalities in
many fish species in marine aquaculture and in private aquaria. Currently, the most
effective control measure involves the repeated transfer of fish from tank to tank, a
practice that is labor-intensive as well as extremely stressful to the fish. Transfer in
this fashion is meant to interrupt the life cycle of the parasite, which possesses
host-associated (trophont) and non-host-associated (tomont and theront) stages.
One of the most recent developments in DNA vaccinology is expression library
immunization (ELI), an elegant method that has been successfully employed in
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mammalian models to generate resistance and immunity to Mycoplasma pulmonis
(Barry et al., 1995), Taenia solium (Manoutcharian et al., 1998), and Leishmania major (Piedrafita et al., 1999). The utility of this method over other forms of
DNA vaccination is its application against pathogens for which we have no prior
knowledge of the proteins encoded by the genome or their relative antigenicity.
Additionally, it has the potential to screen every gene in the genome of a parasite/
pathogen. It is anticipated that using this method for vaccine development will
allow us to identify candidate protein antigens that stimulate a protective immune
response in aquacultured species of interest, such as moi, to minimize losses to
producers.
Critical diagnostic
services will continue
to be provided.

The overall benefits of the Disease Management in Hawaiian Aquaculture project
are to provide disease diagnostics development and support, aquaculture disease
and best management practices education, and development of vaccines or other
strategies to manage disease outbreaks in Pacific aquaculture.

Work Progress and Principal Accomplishments
Year 9
Objective 1a: Establish cell lines from Pacific threadfin (moi) for
use in the isolation and early detection of pathogenic viruses.
Primary moi cell culture: To develop a protocol for establishment and growth of
moi cells in vitro, we tried two times to initiate primary cell cultures from moi.
For the first cell culture trial, we used three young-aged fishes (40+5 g) with healthy
appearances. We were able to collect snout and fins for primary cell culture, but
not internal organs because of the small size of the donor fishes. Following the
treatment in antibiotics incubation medium for two hours at room temperature
(23+1°C), tissue fragments were minced into small pieces and seeded in cell culture
flasks to allow tissue explants to attach and grow. Both media, L15 and M199,
were supplemented with 20% fetal bovine serum (FBS) and growth factors.
Initiation of cell growth was observed around the edges of some seeded explants
at day 4 of incubation at 25°C. Cell numbers increased during the following week,
but were very limited mainly due to limited tissue specimens.
The second moi cell culture trial was conducted with the use of three big fish (150
g). We collected snout, fins, heart, and kidney for primary culture this time. Using
the same explant culture method and cell culture media as the first time, we were
able to see the cell growth from snout and fins at day 4 of incubation and from
kidney and heart at day 7. Primary snout and fin cells grew rapidly this time and
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formed some cell colonies by day 8, while cells derived from heart and kidney
grew rather slowly.
Two cell lines have
been established from
Pacific threadfin (moi).

Subculture of moi cells: Since the initiation of the primary culture of moi in
September 2002, two cell lines have been established from this fish, including the
cell line derived from snout (MoiSN) and fins (MoiFN). These cells grow well at
25°C in medium L15 supplemented with 20% FBS and various antibiotics. The
MoiSN and MoiFN grew more slowly in comparison to other fish cell lines, such
as epithelioma papulosum cyprini (EPC). However, these two moi cell lines have
been subcultured 28 and 34 times, respectively, without any apparent morphological
alternation.
Although we were able to grow cells from heart and kidney at the primary culture,
these cells did not grow well, and we were not able to subculture these cells. It
may be necessary to use larger moi as organ or tissue donors in order to establish
cell cultures from kidney and heart. In addition, growth factors including epidermal
growth factor, fibroblast growth factor, and transformational growth factor, will be
added to the media to enhance the establishment of other moi cell lines in the
future.
Characterization of moi cell lines: We have preserved some early stages of
moi cells in liquid nitrogen, and these cells exhibit a high stability (>90%) for storage
at –196°C.
Morphological examination of established moi cell cultures revealed that moi snout
cells are fibroblastic while fin-derived cells are a mixed cell population containing
both epithelial and fibroblastic cells.
Comparison of two cell culture media, L15 and M199, used in this study showed
that the former is superior to the latter in terms of initiation of primary cell growth
and subsequent cell proliferation. The growth of these moi-derived cells is serumdependent; cells grow optimally at 25°C in medium L15 supplemented with 20%
FBS and epidermal growth factor (50 ng/ml).
In Year 10, we plan to further characterize these two cell lines in terms of their
biological properties. This work will include testing for viral susceptibility and
genomic typing (chromosomal analysis and moi gene amplification, i.e., 16S rRNA).
Objective 1b: Early detection of pathogenic viruses in moi and
other marine and freshwater fish.

Two cell lines have
Omilu fish (Weight 148 g, BL 18 cm, BH 7.8 cm , Case # 02-146): Two new cell
been established from
lines derived from body muscle (OMM) and fins (OMF) of omilu, also known as
bluefin trevally (omilu). bluefin trevally (Caranx melampygus), have been established and fully
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characterized in terms of their optimal growth and other biological properties.
Primary culture of these cells was conducted at 25°C using L15 medium
supplemented with 20% FBS and various antibiotics. These cells have been serially
subcultured 17–19 times since their initiation on June 25, 2002. Growth of the
omilu cells was serum-dependent, and their plating efficiencies ranged from 11 to
28.2%. Comparative analysis showed that these omilu cells grew equally well in
the media L15, RPMI 1640, M199, and MEM, which are commonly used for
cultivation of animal and mammalian cells. Examination of the early passage cells
stored at –196°C revealed a large percentage (nearly 98%) of cells were viable
following a six-month storage in liquid nitrogen. Karyotyping analysis indicated
that these omilu-derived cell lines remained diploid with a chromosome count of
48 at their early passage (passage 7–12). These cell lines shared the same pattern
of viral susceptibility. They were sensitive to five fish viruses (infectious
haematopoietic necrosis virus [IHNV], infectious pancreatic necrosis virus [IPN],
spring viraemia of carp virus [SVCV], snakehead rhabdovirus [SHRV], and viral
hemorrhagic septicemia [VHSV]) and refractory to channel catfish virus (CCV)
in this study. These newly established cell lines will be used for isolation, study, and
identification of pathogenic viruses causing viral diseases in this animal and other
marine fish cultured in Hawaii. A manuscript titled “Establishment, growth, and
preservation of two cell lines derived from muscle and fins of omilu fish (Caranx
melampygus)” has been submitted to In Vitro Cellular and Developmental
Biology - Animal.
Preliminary data
suggest that a virus is
not responsible for the
unknown disease
afflicting Chinese
catfish on a local farm.

Chinese catfish fry (Weight of ten specimens ranged from 0.12 to 0.69 g, Case
# 03-186): Several Chinese catfish fry were submitted from a farm where the fish
were experiencing mortalities caused by an unknown disease. Infected animals
showed unusual swimming behavior associated with an infection in the central
nervous system. Since viral infections can occur in the brains of fish, we felt it was
important to rule out the possibility that a viral pathogen was responsible for this
disease.
No viral-induced EPC were observed during the course of the infection period
(three weeks), and both infected and control cells looked the same. To confirm
this observation, the infection assay was repeated once more using unfiltered
homogenate. We observed the cytotoxic effect when the undiluted sample was
inoculated, and cells became detached and began floating. The EPC cells infected
with diluted specimens showed no cytotoxic effect, and they looked like the control
cells inoculated with MEM-0.
Our experimental results clearly showed that no virus was detectable when EPC
cells were used for virus isolation. These data may suggest that a virus is not
responsible for causing the disease and mortality. However, EPC cells are not the
most permissive cell line for the primary isolation of the virus. It would be better if
cell lines derived from catfish could be used. We do not have these cell lines
available at this time in our laboratory.
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Objective 1c: Detection of virus associated with a tumor disease
in angelfish.
Although no virus has
yet been identified as
the cause of tumors in
angelfish, further
research is being
conducted.

Angelfish (Weight 4.44 –6.68 g, Case #04-129): Formation of tumors on the
snouts of angelfish is a newly recognized disease in Hawaii. Although the affected
animals look healthy and there is no apparent mortality associated with the disease
itself, the disease does have a severe impact on the animals’ daily life activities. It
becomes potentially lethal as the size of the tumors increase. Since several types of
viruses can cause tumors in different hosts, we wanted to conduct tests to determine
whether a virus could be the cause of the disease. Two fish with tumors were
sacrificed, and tissue from the tumors, plus other tissue and organ samples were
collected for viral study. Two types of viral assays are being conducted: (1) cell
culture assay and (2) transmission electron microscopic examination. No virus has
been detected to date. Outside of the realm of this project, more cell lines are
being used for virus isolation, including cells derived from angelfish. In addition,
genomic DNA will be extracted from the tumors and other tissues of diseased fish
and amplified using degenerate PCR primers designed from conserved regions of
tumor viruses (such as herpesvirus, papillomavirus, and retrovirus) to determine if
these viruses are pathogenically associated with the tumor disease.
Examination of thin sections of tumor and connective tissues from the affected
angelfish has revealed no viral particles thus far. Further examination of more sections will be performed to ascertain whether viral particles can be identified. It
should be noted that TEM is not a sensitive method for viral detection. Negative
results from TEM cannot prove that the disease is not virus-associated.
Attempted isolation of the angelfish virus has so far been done using EPC cells
only, and no virus has been isolated from the infected culture. Since EPC is a carpderived cell line, it is therefore not a sensitive cell line for isolation of the angelfish
virus. We are currently employing an angelfish cell culture to isolate the virus. We
had wanted to use angelfish cell cultures to begin with, but they had not yet been
completed because the cell cultures grew at a slow rate. It is necessary to optimize
the conditions for angelfish cell cultures and to use the cells at exponential growth
phase to best facilitate our attempt to isolate the virus.
We are currently isolating genomic DNA from the tumors and other tissues of the
angelfish. We are also designing and acquiring degenerate PCR primers for several different viruses, which will be used for amplification and detection of viruses
associated with the disease.
Objective 2: Test frozen commodity shrimp for selected
shrimp viruses.
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Commodity shrimp sold in Hawaii were tested to clarify if they might be a possible
source of shrimp pathogens introduced into Hawaii. As of October 27, 2003, 11
samples of chilled and frozen shrimp were collected from various locations on
Oahu. Chilled (previously frozen) Penaeus monodon samples were collected
from three separate vendors in Chinatown. The other eight samples were collected
from the seafood sections in Foodland Super Market, Star Market, and Safeway
Food and Drug. Two of these eight samples were from previously frozen
Litopenaeus vannamei from Mexico. The sample of frozen (peeled) shrimp
collected from Star Market was from an unknown species of shrimp originating
from China. The shrimp collected from Safeway Food and Drug were P. monodon
that originated from Thailand.
Five shrimp per vendor were selectively chosen for shrimp viral screening, based
on the gross appearance of the shrimp, i.e., discoloration or small harvest size,
suggesting an emergency harvest due to the presence of disease. For the first
sampling conducted on the commodity shrimp from Chinatown, the shrimp were
pooled into groups of five separate shrimp samples per vial, and the samples were
preserved in 95% ethanol. For the commodity shrimp sold in the local supermarkets,
TABLE 1 a . P C R re su lt s o f c o m m o d it y sh rim p c o lle c t e d in Ha w a ii
(DN A v iruses: w hit e spot syndrom e v irus and inf ect ious hypoderm al
and haem at opoiet ic necrosis v irus).
Source

ADP Case #

WSSV

IHHNV

Seafood Market
(Chinatown)

03-30 A1

POSITIVE

POSITIVE

Oahu Market
(Chinatown)

03-30 B1

Not Detected

POSITIVE

NC Seafood
(Chinatown)

03-30 C1

Not Detected

POSITIVE

Foodland Super
Market

03-141 A1

POSITIVE

Not Detected

03-141 A2

POSITIVE

POSITIVE

Star Market

03-142 A1

POSITIVE

Not Detected

03-142 A2

Not Detected

POSITIVE

03-327 A1

POSITIVE

POSITIVE

03-327 A2

POSITIVE

POSITIVE

03-327 A3

POSITIVE

POSITIVE

03-327 A4

POSITIVE

POSITIVE

Safeway Food
and Drug
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individual shrimp were placed into separate vials and also preserved in 95% ethanol.
The samples were submitted to the diagnostic laboratory at the University of Arizona
in Tucson, Arizona for PCR assay, using Office International des Epizooties (OIE)
approved diagnostic procedures. A total of 22 vials containing shrimp tissues were
submitted for PCR assay. The PCR results are listed in Tables 1a and 1b.

TABLE 1b. PCR result s of commodit y shrimp collect ed in Hawaii (RNA
v iruses: Taura syndrome v irus and yellow-head v irus).
Source

ADP Case #

TS V

YHV

Seafood Market
(Chinatown)

03-30 A2

Not Detected

Not Detected

Oahu Market
(Chinatown)

03-30 B2

Not Detected

Not Detected

NC Seafood
(Chinatown)

03-30 C2

Not Detected

Not Detected

Foodland Super
Market

03-141 B1

Not Detected

Not Detected

03-141 B2

Not Detected

Not Detected

Star Market

03-142 B1

Not Detected

Not Detected

03-142 B2

Not Detected

Not Detected

03-327 B1

Not Detected

Not Detected

03-327 B2

Not Detected

Not Detected

03-327 B3

Not Detected

Not Detected

03-327 B4

Not Detected

Not Detected

Safeway Food

and Drug

Objective 3: Investigate the relationship between commercially
raised moi and fatty livers through the use of on-farm surveys.
A total of 50 moi from three separate sites were examined. The livers from each
individual fish were grossly analyzed for fat content. Each fish was then weighed
and the livers dissected out from the fish. Individual livers were then weighed and
the liver/somatic weight ratio was determined for each fish. The results from this
survey are listed in Table 2.
The feed/growth studies were completed at the Anuenue Fisheries Research Center.
Two 12-ft tanks were stocked with 20 moi each. The fish in one tank were fed a
standard Moore Clark diet with a fat content of 9.6 mg/100 mg. The other group
of fish was fed the Moore Clark diet coated with Menhaden fish oil, increasing the
fat level to 14.5 mg/100 mg. The fatty acid profiling on these feeds was conducted
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TABLE 2. Comparison of liv er/somat ic weight index of moi f rom t hree
separat e f acilit ies in Hawaii. For f acilit ies A and C, v alues are av erages
f rom 20 f ish. A t ot al of 10 f ish were weighed f rom f acilit y B.
Facility

Average Body
Weight (g)

A

5.18

B
C

Average Liver
Weight (g)

Average Liver/Somatic
Weight Index

0.07105

1.38

405.72

4.98

1.20

67.10

1.53

2.31

at the University of Hawaii’s Department of Animal Science, under the supervision
of Dr. Harry Ako. (See Table 3 for fatty acid profiles of the treated and control
feeds).
TABLE 3. Fat t y acid comparison of oil-enriched moi f eed v s. non-t reat ed
f eed. (Unit s are mg/100 mg).
Fatty Acid
myristate
palmitate
palmitoleate
stearate
oleate
linoleate
linolenate
octadecatetraenoate
eicosenoate
arachidonate
eicosapentaeonate
docosahexaenoate

Total fatty acids

14:00
16:00
16:1n7
18:00
18:1n9
18:2n6
18:3n3
18:4n3
20:1n9
20:4n6
20:5n3
22:6n3

Moi Feed,
Treated

Moi Feed,
Control

1.45
3.03
1.09
0.45
1.38
0.81
0.29
0.60
0.25
0.23
2.50
2.43

0.65
1.73
0.55
0.45
1.00
0.68
0.13
0.23
0.12
0.11
2.45
1.52

14.5

9.61

This trial lasted for four months. The fish were sacrificed and weighed. The higher
fat diet group showed a 6% increase in overall weight when compared to the
control diet. However, the liver somatic weight index was slightly lower in the
group fed the higher fat diet. The results from this trial are listed in Table 4.
In addition, a blind taste test was conducted. The purpose of this trial was to
determine if the fish with higher fat in their system had an improved flavor, due to
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TABLE 4. Comparison of weight s of moi f ed oil-enriched moi f eed v s.
non-t reat ed f eed. Values are av erages f rom 18 f ish.
F eed

Average Body
Weight (g)

Average Liver
Weight (g)

Somatic
Index

Control

110.61

1.47

1.32

Treated

116.61

1.44

1.24

the higher fat content in the fish. The volunteers all agreed that there was no difference
in the taste between the two groups. All participants graded both groups of fish as
“firm and moist in texture and equally delicious in flavor.”
Objective 4: Provide diagnostic support, pathogen testing, and
disease surveillance services to fish and shrimp farms and
commercial hatcheries in Hawaii.
During this project year, there were 445 case submissions to the Disease Prevention
Program. A total of 99 trips were made into the field. Thirty-eight individuals or
organizations received assistance from this project, and 630 histology blocks and
slides were prepared. In addition, 102 samples were submitted for the culture,
isolation, and identification of bacteria.
Surveillance sampling for shrimp pathogens was carried out on shrimp samples
collected from 12 facilities in Hawaii. The following shrimp/prawn species were
evaluated: Litopenaeus vannamei, L. stylirostris, Penaeus monodon, and
Macrobrachium rosenbergii. The samples were evaluated using histology or PCR.
A total of 4,227 shrimp were evaluated.
A total of 385 documents certifying the health of shrimp or fish exported from
Hawaii were generated during this project year.
Year 10
Objective 1: Establish a low-dose, long-term treatment for
ectoparasites, using hydrogen peroxide in a treatment regime
similar to that which is available for formalin. Efficacious and safe
treatment levels of hydrogen peroxide will be established for three
species of fish, Chinese catfish (Clarias fuscus), tilapia, and the
yellow tang (Zebrasoma flavescens). Articles will be published in
the CTSA Regional Notes newsletter, detailing the efficacy of
hydrogen peroxide on the three fish species listed.
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Three trials were conducted to test the efficacy of a long-term, low-dose hydrogen
peroxide treatment for two types of parasites, Trichodina sp. and Gyrodactylus
sp. Three fish species were selected for this trial: the striped snakehead (Channa
striatus), the African cichlid (Sciaenochromis fryeri), and the Chinese catfish
(Clarius fuscus). Selected fish were chosen for this study based on the clinical
signs of ectoparasite infestation. A total of 20 fish were separated into four groups
of five fish for each trial: a control group (no treatment) and three treatment groups
(25 ppm, 50 ppm, and 75 ppm hydrogen peroxide).
Mucus scrapings were collected from each fish, then placed on a glass slide in a
drop of fresh water and examined at a magnification of 40x. For each sample, the
entire mucus scraping was examined and the total number of parasites observed
on the slide was counted and recorded. Each fish was then placed into its treatment
container. Hydrogen peroxide was added to each treatment container to reach the
experimental dosage levels of 25, 50, and 75 ppm hydrogen peroxide. After a 24hour period, the water in all containers was replaced with clean fresh water. Mucus
scrapings were again collected from each fish, post-treatment wet mount exams
were conducted, and parasite numbers, if any, were again recorded.
Results
Results indicate that a
low dose hydrogen
peroxide treatment of
25 ppm can be effectively used to treat
ectoparasites on
African cichlids, but
not on striped snakeheads or Chinese
catfish.

Striped Snakeheads: The pre-treatment levels of Trichodina sp. on the 20 fish
examined averaged 3.65 per mucus scraping (Table 1). The post-treatment counts
averaged 21.4 in the control group, 6.8 in the 25 ppm group, 5.8 in the 50 ppm
group, and 8.6 in the 75 ppm group. There were no post-treatment mortalities
observed in any of the snakeheads.
TABLE 1. Av erage count s of Trichodina sp. on st riped
sn a k e h e a d s b e f o re a n d a f t e r t re a t in g w it h h y d ro g e n
perox ide.
Treatment Group

Pre-treatment
Post-treatment
Counts (Range) Counts (Range)

Control

4.4

(2-- 9)

21.4

(0-- 59)

25 ppm

0.4

(0-- 1)

6.8

(0-- 20)

50 ppm

3.4

(2-- 3)

5.8

(0-- 15)

75 ppm

3.6

(1-- 17)

8.6

(0-- 18)

(No mortalities were observed in any of the fish.)

African Cichlids: The pre-treatment levels of Trichodina sp. on the 20 fish
examined averaged 195.8 per mucus scraping (Table 2). The post-treatment counts
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averaged 200 in the control group and 0 in the 25 ppm, 50 ppm group, and 75
ppm groups. Mortalities were observed in all treatments: 20% mortality in the 25
ppm hydrogen group, 60% in the 50 ppm group, and 80%, in the 75 ppm group.

TABLE 2. Av erage count s of Trichodina sp. on Af rican cichlids bef ore and
af t er t reat ing wit h hydrogen perox ide.
Treatment Group

Pre-treatment
Counts (Range)

Post-treatment
Counts (Range)

% Mortality

Control

173.0 (100-- 500)

200.0

(100-- 300)

0

25 ppm

178.4

(92-- 500)

0

0

20

50 ppm

258.0

(91-- 500)

0

0

60

75 ppm

173.6

(83-- 500)

0

0

80

Chinese Catfish: The pre-treatment levels of Gyrodactylus sp. observed on the
Chinese catfish averaged 9.5 per mucus scraping (Table 3). The post-treatment
counts averaged 6.0 Gyrodactylus sp. in the control group, 10.0 in the 25 ppm
group, 5.0 in the 50 ppm group, and 0 in the 75 ppm group. There were no posttreatment mortalities observed in any of the catfish.
The results from this study indicate a long-term, low-dose hydrogen peroxide
treatment of 25 ppm can be an effective treatment for ectoparasites on African
TABLE 3. Av erage count s of Gyrodactylus sp. on Chinese
cat f ish bef ore and af t er t reat ing wit h hydrogen perox ide.
Treatment Group

Pre-treatment
Counts (Range)

Post-treatment
Counts (Range)

Control

12.0

(6--15)

6.0

(1--19)

25 ppm

8.3

(5--29)

10.0

(6--14)

50 ppm

8.4

(2--17)

5.0

(5-5)
-

75 ppm

9.3

(3--8)

0

0

(No mortalities were observed in any of the fish.)
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cichlids and perhaps other similar species of fish. However, ectoparasites on striped
snakeheads and Chinese catfish are more difficult, if not impossible, to treat using
such a low dose of hydrogen peroxide. This may be due to the high levels of mucus
present on the skin of these air-breathing fishes. Both of these species are able to
tolerate rather high doses of this chemical for a prolonged period of time without
adverse effects. However, the highest treatment level administered during these
trials (75 ppm) was ineffective in removing Trichodina sp. from the striped
snakehead.
Objective 2: Complete the work on fish cell lines already
established and in passage. Immortalize and maintain the cell lines
for the identification of viral disease in both aquacultured and
wild fish. During Year 10, we will report the relevant findings from
new cell line cultures developed over the past four years as part
of the CTSA Disease Management project. A minimum of three
review articles will be submitted for publication in peer-reviewed
journals, detailing the establishment and characterization of cell
lines established during the past four years.
This study is focused
on the continued
propagation and
characterization of
the cell lines established in previous
project years from
eight different fish.

A total of 14 cell lines have been established from eight different fish in the past
four years. Of these newly established cell lines, we have fully characterized the
three snakehead-derived ones (SHMS, SHSB, and SHHT) and the two omiluderived ones (OMMS and OMF). Two manuscripts have been submitted for
publication. Due to the limited funding, our current study has been focused on
propagating and characterizing the other cell lines. Cells stored in liquid nitrogen
(N2) were recovered for growth using different media. We also performed trypan
blue exclusion assays to examine the stability of cells stored in N2. We demonstrated
that preserved cells are stable for storage (>1.5 years), and recovered cell viability
ranged from 83 to 94%. When reseeded in tissue culture flasks, some cells,
including those derived from goldfish, were able to attach and grow quickly and
formed cell monolayers within a few days (<4 days). However, other cells, such as
the ones derived from angelfish, showed very slow growth and took a much longer
time (>20 days ) to form cell monolayers. This variation in cell viability and
subsequent growth may reflect the differences in growth phase at the time these
cells were preserved, in addition to the differences in host animals and cell types.
In addition, we have continued to subculture and pass the cells in vitro. Some cell
lines have been subcultured up to 32 times and have reached a more stable growth
condition. Currently, we are testing these cells for optimal growth, particularly the
cells derived from goldfish and moi, and for their sensitivity to several fish viruses
available in this laboratory. Experimental findings from these studies will be essential
for a better use of these cell lines in the future and will also form baseline data for
our future manuscript preparations.

46  Center for Tropical and Subtropical Aquaculture

Disease Management

Objective 3: Conduct a minimum of six classes, focusing on fish
health and best management practices. Transfer of this
information will be done on-site in the classroom with the use of
lectures, videos, and handouts.
Project staff conducted
four classes geared
toward producers of
shrimp, ornamental
fish, and food fish.

Four disease prevention classes were held during this reporting period. Two classes
focused on the use of best management practices to reduce disease in cultured
shrimp populations. The first workshop was held on April 12, 2004 at Maui
Community College on Molokai, and the second was held on May 1, 2003 at
Windward Community College on Oahu. These two lecture classes were taught
with the aid of a PowerPoint presentation. The other two classes focused on
preventing disease in food fish and ornamental fish. These two workshops were
held on July 24, 2004 in Hilo and on August 14, 2004 on Oahu. These two classes
were taught with the aid of a PowerPoint presentation and included a component
involving hands-on dissection and microscopic examination of fish.
Objective 4: Identify the life stage of Cryptocaryon irritans (hostassociated or free-swimming) best suited for generation of an
expression library for use in an immunization protocol for Pacific
threadfin (moi) and initial characterization of Pacific threadfin (moi)
antibodies. The initial findings from this research will be published
in a short article in the CTSA Regional Notes newsletter.

Genomic DNA isolated
from Cryptocaryon is
being used to produce
an expression library.

After perfecting a technique to allow us to culture C. irritans in the laboratory
routinely, it was determined that genomic DNA rather than cDNA from either the
host-associated or free-swimming stage of the parasite would be the easiest and
most reliable source of genetic material for the project. Genomic DNA has been
isolated from Cryptocaryon and is currently being used to produce an expression
library for this parasite. Although we have collected serum from other Hawaiian
species (opakapaka, tilapia, and sergeant majors) that have been experimentally
infected, plus baseline control serum samples for reference, we have not yet
conducted any experiments using moi. This has been delayed due to the renovation
of the wet-laboratory facility we will use to house these fishes. It was decided to
hold off bringing moi into the facility since they must grow out for a period of time
prior to use in vaccination/challenge experiments, and at this time we do not have
the capability to maintain fish in parasite-free water. Once we are able to complete
the renovations (December 2004), we will complete this objective early in Year 2
of the experimental plan (Year 11 of the CTSA Disease Management in Pacific
Aquaculture project). Currently, we do not have enough data to report in the
CTSA Regional Notes, but we anticipate submitting an article in the spring of
2005 as we begin our ELI (expression library immunization) vaccination trials.
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Objective 5: Continue providing diagnostic support, pathogen
testing, and disease surveillance services to fish and shrimp farms
and commercial hatcheries in Hawaii.
During the period covered by this report, there were 247 case submissions to the
Disease Prevention Program. A total of 78 trips were made into the field, 140
individuals or organizations received assistance from this project, and 154 histology
blocks and slides were prepared during this reporting period. In addition, 30 samples
were submitted for the culture, isolation, and identification of bacteria.
During the reporting period, surveillance sampling for shrimp pathogens was carried
out on shrimp samples collected from 19 facilities in Hawaii. The following shrimp/
prawn species were evaluated: Litopenaeus vannamei, L. stylirostris, Penaeus
chinensis, P. monodon, P. japonicus, and Macrobrachium rosenbergii. The
samples were evaluated using histology or PCR. A total of 243 documents certifying
the health of shrimp or fish exported from Hawaii were generated during this reporting
period.

Work Planned
Year 10
Most of the work proposed for Year 10 has been completed. Mrs. Dee Montgomery Brock is currently on sabbatical and will return to work on funded Year 11
Disease Management projects in April 2004. Dr. Lu has completed the proposed
cell line work and will provide a final summary to the CTSA Regional Notes
newsletter as described above. The C. irritans vaccine development project will
continue into Year 11, and we will initiate vaccination/challenge trials in the spring
of 2005.

Impacts
The following estimates of the economic impact made by this project were provided by staff from the companies that received assistance from this program.
These estimates are based on the known or expected gain, or the reduction in the
anticipated loss, once the problem was brought under control. In each case, our
recommendations for control were the result of our evaluation of the problem in
the field, trials or studies conducted in the field, and our interpretation of the laboratory results. In the highlighted examples, the farm personnel implemented the
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strategies that were recommended. To a great extent, the success of a given strategy reflects their efforts. These examples demonstrate the positive outcome that
has resulted from the good relationship that the Disease Management project enjoys with the aquaculture community in Hawaii and the Pacific Islands.
The impacts of development of cell lines from Hawaiian fish will be made apparent
in the future as cell lines from moi and omilu, as well as other cell lines currently
being established or planned in future experiments (i.e., Chinese catfish and kahala)
are used for viral disease diagnostics. Successful development of a vaccine for C.
irritans will allow for management of this problem parasite. This parasite affects
many marine finfish species of economic importance in aquaculture and the aquarium
trade. The development of a successful vaccine will benefit both industries by
limiting the losses that traditionally occur due to Cryptocaryon in cultured fish
populations.

Estimated economic impact
Problem

Benefit (Gross Income)

Control of an external bacterial
infection on freshwater ornamental fish

$30,000

Control of an external bacterial
infection on freshwater food fish

$30,000

Control of an outbreak of Gyrodactylus
sp. ectoparasites on tilapia and koi

$200,000

Publications in Print, Manuscripts, and
Papers Presented
Year 9
Montgomery-Brock, D. R., R. Y. Shimojo, and K. Cochrane. 2003. Increased
water temperature improves survival of TSV-exposed shrimp. Global Aquaculture Advocate 6(4).
Zhao, Z., D. Montgomery-Brock, C.S. Lee, and Y. Lu. In press. Establishment,
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characterization and viral susceptibility of 3 new cell lines from snakehead
Channa striatus (Blooch). Methods in Cell Science.
Zhao, Z., D. Montgomery-Brock, C.S. Lee, and Y. Lu. In press. Establishment,
growth and preservation of two cell lines derived from muscle and fins of omilu
fish (Caranx melampygus). In Vitro Cell Dev. Biol. Animal.
Year 10
Montgomery-Brock, D., R. Braun, and J. Corbin. 2004. SPF shrimp from Hawaii
– clarifying what the term SPF means for shrimp exports from Hawaii.
Page 409 in Aquaculture 2004: Book of Abstracts. March 2–5, 2004,
Honolulu, Hawaii. World Aquaculture Society, Baton Rouge, Louisiana,
USA.
Montgomery-Brock, D., R.P. Weidenbach, E.P. Weidenbach, C.J. Knickerbocker,
G. McNaulty, and J.A. Koch. 2004. Testing the efficacy of a long-term/
low-dose hydrogen peroxide treatment on commonly observed
ectoparasites of commercially raised freshwater fish in Hawaii. CTSA
Regional Notes 15(3):4–6.
Montgomery-Brock, D., R.Y. Shimojo, K. Cochrane, L. Bouthillette, B. Poulos,
S. Navarro, and D. Lightner. 2004. Significant reduction in the replication
rate of taura syndrome virus (TSV) in Litopenaeus vannamei held in
hyperthermic conditions, Page 409 in Aquaculture 2004: Book of
Abstracts. March 2–5, 2004, Honolulu, Hawaii. World Aquaculture
Society, Baton Rouge, Louisiana, USA.
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Transitioning Hawaii’s
Freshwater Ornamental
Industry, Years 1–3
General Information
Reporting Period

January 1, 2000–December 30, 2001 (Year 1)
October 1, 2001–March 31, 2003 (Year 2)
October 1, 2002–March 31, 2004 (Year 3, termination report)

Funding Level

Year
1
2
3

Amount
$100,000
$75,000
$70,000

TOTAL $245,000
Participants
Years 1–3

Clyde Tamaru, Ph.D., Extension Specialist
Sea Grant Extension Service
Kathleen McGovern-Hopkins, Extension Agent
Sea Grant Extension Service
Harry Ako, Ph.D., Professor
University of Hawaii at Manoa

Year 1 only

James Brock, Ph.D.
Aquaculture Deveopment Program, Hawaii Department of Agriculture
Jennifer Olson, Matt Lyum, and Lena Asano, Graduate Students
University of Hawaii at Manoa

Years 1 and 2 only

Eri Shimizu, Graduate Student
University of Hawaii at Manoa
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Year 2 only

Brandon Avegalio and Kelly DeLemos, Graduate Students
University of Hawaii at Manoa

Years 2 and 3 only

James Szyper, Ph.D., Extension Specialist
Sea Grant Extension Service
Robert Howerton, Ph.D., Extension Specialist
Sea Grant Extension Service
Justin Iwai, Undergraduate Student
University of Hawaii at Manoa

Objectives
Year 1
1. Conduct laboratory and field studies on sex determination in livebearers.
2. Demonstrate live feeds production systems to practicing freshwater ornamental aquafarmers.
3. Investigate the role of highly unsaturated fatty acids (HUFAs) in the culture of
freshwater ornamentals.
4. Provide technical assistance in the form of verbal consultations, written information, site visitations, workshops, manuals, and production handouts.
Year 2
1. Invite industry expert(s) to participate in a conference on marketing trends in
the freshwater ornamental fish industry.
2. Investigate use of carotenoids for color enhancement.
3. Validate techniques for artificial insemination of livebearers.
4. Determine minimum effective dosage of Ovaprim for induction of spawning.
5. Validate factors affecting the sex ratio in swordtails.
6. Conduct technology transfer activities.
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Year 3
1. Produce a position paper summarizing the current status of Hawaii’s freshwater ornamental fish industry.
2. Field test the artificial insemination technique to increase efficiency in the commercial production of lyretail swordtails.
3. Demonstrate the cost-effectiveness of specialization in the production of freshwater ornamental fishes.
4. Provide technical assistance in the form of workshops, verbal communication,
written material, and site visits.

Reason for Termination
CTSA prefers not to fund the same priority area for longer than three years. This
project has focused on and addressed specific aspects of freshwater ornamental
aquaculture for three years, and the majority of the objectives have been completed. However, there is still a need for continued support of the freshwater ornamental fish industry in Hawaii, and it is hoped that funding agencies and researchers will continue to help this growing industry.

Principal Accomplishments
Year 1
Objective 1: Conduct laboratory and field studies on sex
determination in livebearers.
Laboratory trials were conducted using 10-gallon aquaria and two varieties of
swordtails (red velvet and pineapple). Average body weight was found to be negatively correlated with stocking density, and with regard to the resulting sex ratio,
the data was found to be extremely misleading if one were to simply score the
number of females versus males based on the presence or absence of the
gonopodium. A preponderance of females resulted in all groups because all fish
that were smaller than 30 mm in total length were scored as females irrespective of
the stocking density. If the diagnostic characteristic of males was the presence of
the “sword” on the caudal fin, individuals with this trait were found only in size
classes of fish that were greater than 30 mm in total length. If the individuals that
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were smaller than 30 mm in total length were removed from the scoring of the sex
ratio, statistically there were no differences in the sex ratio in response to stocking
density. Based on the results of these experiments, it would appear that stocking
densities between 1 and 3 fish/L would be the highest ratio one would use for the
culture of swordtails in a recirculating system.
Objective 2: Demonstrate live feeds production systems to
practicing freshwater ornamental aquafarmers.
Project resesarchers
demonstrated highdensity culture of
Moina using Chlorella
and “green water”
from recirculating
systems.

Grow-out trials for Moina macrocopa using live Chlorella vulgaris purchased
from Japan were found to produce the highest densities yet recorded. However,
the costs of importing the algae, its limited shelf life, and the permitting needed to
import the algae into Hawaii make it impractical for use unless it is used at a large
enough scale. Similar results were also achieved with the use of a relatively new
product (Nannochloropsis oculata) from Reed Mariculture, San Diego, California. The product comes in a slurry and can be frozen for up to a year. It is also
relatively expensive, but can be stored frozen and used in times of emergencies or
to boost the nutritional quality of the Moina. An alternative feed that also produced similar results was with the standard “green water” (tilapia, guppy, and
recirculating systems) culture systems. The quantity of “green water” is the limiting
factor, and larger-scale grow-out fish systems (300 gallon/1200 L or greater) need
to be available to culture high densities of Moina using “green water” as the feed.
Objective 3: Investigate the role of highly unsaturated fatty acids
(HUFAs) in the culture of freshwater ornamentals.

Arachidonic acid
appears to be essential
for maturation and
spawning of freshwater
ornamental fish.

Investigations demonstrated that there are similarities in essential fatty acids for
various live maturation or conditioning feeds used in the freshwater ornamental fish
industry. However, arachidonic acid appears to play an essential role in reproduction
of freshwater ornamentals as opposed to docosahexanoate (DHA), which is in
striking contrast to what has been reported for marine fishes.
Objective 4: Provide technical assistance in the form of verbal
consultations, written information, site visitations, workshops,
manuals, and production handouts.
Kathleen McGovern-Hopkins was hired as an assistant extension agent with the
University of Hawaii Sea Grant Extension Service in September 2000. The repairs
to the Windward Community College (WCC) aquaculture complex were
completed, and the facility is in compliance with the University of Hawaii’s Animal
Care and Use Committee and Environmental Health and Safety Office.
A total of ten workshops and six presentations were held on various islands.
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Year 2
Objective 1: Invite industry expert(s) to partcipate in a conference
on marketing trends in the freshwater ornamental fish industry.
Two wholesalers and a
university business
development specialist
shared their advice
with ornamental fish
producers and hobbyists at a September
2002 conference.

This project, in collaboration with the USDA’s Initiative for Future Agriculture
and Food Systems project, the University of Hawaii Sea Grant Extension Service,
and the Hawaii Aquaculture Development Program, organized a workshop series
that focused on the marketing of aquatic products. It was held at the University of
Hawaii’s Manoa campus and at Windward Community College on September
12–14, 2002.
The distinguished panel consisted of three experts: Mr. Mark Taylor (African
Northwest), Mr. Ron England (Worldwide Aquatics), and Dr. C. L. Cheshire
(University of Hawaii Pacific Business Center). A summary of the workshop was
also disseminated in CTSA’s Regional Notes newsletter and in the Hawaii
Aquaculture Association newsletter.
It would appear that Hawaii’s freshwater ornamental producers have begun to
make some market penetration that can definitely be built upon. A sound growth
strategy for producers is to ensure a higher quality product, an increase in variety,
and an increase in volume. This should ultimately equate to more sales, revenue,
and net profit (i.e., expansion of the industry). The major take-home message for
Hawaii’s players is to understand where in the freshwater ornamental fish business
they should be (e.g., either producing or marketing ) and to not try to do all things.
Objective 2: Investigate use of carotenoids for color enhancement.

Promising results were
achieved using prepared feeds for the
majority of the fish
that were tested.

In a collaborative effort, both Sanders Brine Shrimp Co. and Rolf C. Hagen Inc.
incorporated 2% of Spirulina PacificaTM and 1% NatuRoseTM into flake feeds. The
amount of the two algae used were characterized as acute dosages where an
effect would be noticeable within two to three weeks. These were tested with a
variety of freshwater ornamental fishes courtesy of our freshwater ornamental fish
growers in Hawaii. Some of the fishes that were tested were: red velvet swordtails,
rainbowfish, 24K mollies, topaz cichlids, neon swordtails, discus, rainbow sharks,
pink gouramis, and rosey barbs. Only a subjective test of whether the treated
feeds worked was used, and in all cases, the treated feeds resulted in a noticeable
change in color in fish provided the feed. However, it is also clear that what colors
appear in a fish are dependent on the species, sex, and state of maturity. In other
words, the prepared feeds enhance the natural coloration of the target fish and do
not add color as with dyeing a fish (e.g., glass fish).
Tropical Ponds of Hawaii and breeders of Siamese fighting fishes, Betta splendens,
expressed interest in the use of the color-enhanced feed produced by the project
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work group and provided it on a trial basis. Elizabeth Hahn, an avid breeder,
utilizes the feed to enhance the color of her fishes, which she enters in the International
Betta Congress shows and which have done very well. Her Web site is at http://
planet-hawaii.com//liz/betta/.
Objective 3: Validate techniques for artificial insemination of
livebearers.
Project researchers
successfully used
artificial insemination
to produce swordtails
with the homozygous
lyretail genotype.

According to the Mendelian law of segregation, of a dominant (lyretail) and
recessive (common) gene, the expected ratio of a mating between a common
swordtail to a heterozygous lyretail individual is 1 common : 1 lyretail. This was
statistically confirmed where the observed ratio was consistent with the expected
1:1 ratio (chi square = 0.06, P>0.50). Using the artificial insemination technique,
male lyretail and female lyretail crosses were made between November and
December of 2001, and offspring were produced during January through March
2002. These were grown out to be large enough so that their phenotypes could be
scored confidently. Four clutches from four separate crosses were found to have
ratios of lyretail to common swordtail phenotypes that were consistent with the
expected 3:1 ratio. Equally important was that 25% of the lyretail individuals should
possess a homozygous genotype for the lyretail trait, which would mean the
possibility of producing progeny that would be 100% lyretail. This was achieved
by utilizing progeny testing. The results obtained confirm and validate the inheritance
of the lyretail trait and the use of the artificial insemination technique for livebearers
as a means to generate the homozygous individual. While the inheritance of the
lyretail trait has long been proposed to follow the dominant-recessive model, to
our knowledge, the generation of actual individuals homozygous for the trait has
never been reported. The three females that were determined, by progeny testing,
to be homozygous for the lyretail trait mark a milestone in fish breeding.
Objective 4: Determine minimum effective dosage of Ovaprim for
induction of spawning.

The manufacturer’s
recommended dosage
of Ovaprim is the
minimum effective
dosage for induction of
spawning in redtail and
rainbow sharks.

Redtail sharks and rainbow sharks were found to be sexually mature beginning in
June 2002. At that time, all females possessed oocytes of the same size
(approximately 1 mm in diameter), and expression of milt from males could be
accomplished by applying slight pressure to their abdomen. Induction-of-spawning
trials were initiated in August 2002, and the experimental design for the spawning
trials consisted of initially anesthetizing the individual and obtaining an ovarian biopsy
using a polyethylene cannula. Only females that possessed oocytes that averaged
1 mm in diameter and in which the germinal vesicles were centrally located were
used in the spawning trials. Likewise, only males from which milt could be extruded
after applying slight pressure to the abdomen were used in the spawning trials.
Females were administered varied dosages of Ovaprim, and the percentage of
females that ovulated and also spawned was recorded. The manufacturer’s
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recommended dose was the highest value investigated. From the results of the
spawning trials, it is clear that the manufacturer’s recommended dosage of 0.5 ml/
kg body weight should be used for both the rainbow and redtail sharks. In addition,
the spawning can be conducted naturally without relying on manual stripping and
fertilizing of the gametes.
Objective 5: Validate factors affecting the sex ratio in swordtails.
Results indicate that
lower stocking densities would result in a
higher percentage of
males with the caudal
sword.

Year 1 activities focused on small-scale (38-L aquaria) trials conducted in the
laboratory. Year 2 activities were conducted in large-scale (2000-L) outdoor rearing
trials. Sex ratios were consistent with those reported for the laboratory trials where
the sex ratio was apparently related to the size of the fish. The ratio of males to
females present in groups of fish that were greater than 45 mm in total length
approached 1:1. The implication of the results were that the grow-out systems for
swordtails will need to maximize growth to result in suitable quantities of males.
Objective 6: Conduct technology transfer activities.
A total of 11 newsletter articles, one manual, three presentations, and one workshop
were completed.
Year 3
Objective 1: Produce a position paper summarizing the current
status of Hawaii’s freshwater ornamental fish industry.

A summary of the
status of the industry
will be completed as
part of another CTSAfunded project

The Year 3 project closed before a full assessment of the status of the industry
could be completed. This activity is currently being carried out in collaboration
with Dr. PingSun Leung and graduate student Ms. Lotus Kam under the auspices
of another CTSA-supported project titled “Economic Feasibility for Freshwater
Ornamental Fish Growers in Hawaii to Market their Products Directly to West
Coast Retailers.”
Objective 2: Field test the artificial insemination technique to
increase efficiency in the commercial production of lyretail
swordtails.

Results demonstrate
that the percentage of
lyretail offspring can
be increased through
the use of artificial
insemination.

The results to date validate the mode of inheritance of the lyretail trait in swordtails
and also demonstrates that the use of the artificial insemination technique is a means
to generate a higher percentage of lyretail offspring and also produce the homozygous lyretail genotype. F1 lyretail males that were part of the same brood that
produced the homozygous females were used to artificially inseminate lyretail females (i.e., progeny testing of lyretail males). Artificially inseminated females were
then monitored for the production of fry, and these were then grown out until they
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could be scored. To date, there have been ten crosses that have resulted in the
production of fry, and of these, three cohorts are all lyretails indicating that the
males used to artificially inseminate the females were homozygous. If the trait is
inherited in Mendelian fashion, then we would expect at least three males to be
homozyous out of the ten that were monitored. A major difference in the results
when conducting progeny testing of the male lyretail is that lyretail females were
being artificially inseminated. In this case, when a homozygous male had been
identified, 50% of the progeny were homozygous providing for a means to amplify
the number of homozygous individuals quickly. In addition, even when a heterozygous male lyretail was identified, 25% of the progeny were expected to be homozygous. In short, the project work group was about one generation away from
achieving the production of a population of homozygous lyretail swordtails through
traditional breeding.
Objective 3: Demonstrate the cost-effectiveness of specialization
in the production of freshwater ornamental fishes.
Output would have to
be very high for a
hatchery to become
cost-effective.

Research results obtained on the use of a commercial diet exclusively for first
feeding and on the induction of spawning using Ovaprim as the inducing agent form
the basis for the estimates to be described. A summary of the costs and estimated
returns at various prices of two-week-old rainbow shark fry are presented in
Table 1. The gross revenue is based on the production of 417,000 two-week-old
fry over a period of four months and has been calculated for a range of values
between $0.05 and $0.02 per individual. The capital costs for a hatchery facility
capable of producing the two-week-old fry that would fit on a 100-m2 footprint
was estimated to cost approximately $1,200 amortized over five years. Feed and
other supplies were estimated at $800 per year, and the estimated labor in hours
per year for construction and maintenance were 50 and 300, respectively. Using a
spread of between $0.05 and $0.02 per fish, we can see the estimated gross
revenues and what the return in terms of wages ($/hour) are like for this enterprise.

TABLE 1. Ef f ect of price f or t wo-week -old rainbow shark f ry on annual
gross rev enue and ret urn on labor.
Price ($)

Gross Revenue ($)

Return on Labor ($/hr)

0.05

20,850

53.86

0.04

16,680

41.94

0.03

12,510

30.03

0.02

8,340

18.11

Note: For production of 417,000 fry per year in a 100-m2 facility using an estimated
50 hours per year for construction labor, 300 hours per year for production labor,
$1,200 for capital costs amortized over five years, and $800 per year for feed and
other supplies.
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It is fairly clear that having a specialized hatchery output for just one species can
work as a supplemental income for a person, or it would also work as a single
output from a multi-species hatchery enterprise.
Objective 4: Provide technical assistance in the form of workshops, verbal communication, written material and site visits.
In total, eight workshops were held, seven presentations were given, and four
articles were published.

Impacts
 Bewteen 1992 and 2002, Hawaii’s ornamental aquaculture industry grew at
an average rate of 15% (Kam et al., in press).
 In 2003, freshwater ornamental production reportedly accounted for approximately $500,000 in sales (Hawaii Aquaculture Development Program, personal communication).
 There are an estimated 30 “farm-level” producers with an additional 40 backyard or garage producers in Hawaii (Natarajan, 2002).

Recommended Follow-up Activities
The principal investigator is to work collaboratively with Dr. PingSun Leung to
assist in the completion of the CTSA-supported project “Economic Feasibility for
Freshwater Ornamental Fish Growers in Hawaii to Market their Products Directly
to West Coast Retailers.” It is anticipated that this project will provide the necessary information that will give a fairly rigorous assessment of the status of Hawaii’s
freshwater ornamental fish industry.
A manual on the culture of the freshwater cladoceran Moina macrocopa is to be
completed and printed during 2004–2005 utilizing funds from the University of
Hawaii Sea Grant College Program and the Hawaii Aquaculture Development
Program. In addition, the genus Moina is to be petitioned for inclusion on the list of
species that can be legally imported into Hawaii. Lastly, three workshops are to be
held on the islands of Oahu, Maui, and Hawaii on the use of Moina in freshwater
ornamental fish culture.
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Work is to continue on identifying a gene marker for the lyretail trait as well as the
development of a simple biochemical test that will be able to distinguish between
homozygous and heterozygous lyretail individuals. In addition, there will be a focused effort to establish at least five strains of homozygous lyretails. Lastly, investigations will commence on sex reversal of swordtails in order to be able to produce viable all-female populations. In combination with the production of homozygous lyretail populations, the ultimate goal will be to produce all female homozygous lyretail swordtails that can be used by Hawaii farmers to increase the production of lyretails or to be sold as broodstock as a value-added product.
In collaboration with the private sector, investigations will be done on maturation
and spawning of a variety of freshwater ornamentals. In particular, the role of
arachidonic acid on reproduction in these fishes will be investigated.
The Hawaii Department of Agriculture Plant Quarantine Branch should be petitioned to include the Asian Arrowana on the list of species allowed to be imported
into the state. Minimum listing is on Appendix B.
Technology transfer has always been a hallmark of the Sea Grant College Aquaculture Extension Program, and that will not change. Extension agents and specialists will continue to be a conduit of information to researchers as well as to the
private sector.

Publications in Print, Manuscripts, and
Papers Presented
Year 1
Publications in Print
Ako, H., L. Asano, and C.S. Tamaru. 2000. Factors affecting sex ratios in the
swordtail, Xiphophorus helleri. University of Hawaii Sea Grant College Program Makai 22(10).
Tamaru, C.S. and M. Lyum. 2000. Anesthetizing freshwater ornamental fishes
using clove oil. University of Hawaii Sea Grant College Program Makai 22(11).
Tamaru, C.S., K. McGovern-Hopkins, G. Takeshita, F. Morita, and M. Yamamoto.
2001. The breeding of lyretail swordtails. I‘a O Hawai‘i 2001(6).
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Papers Presented
Asano, L., H. Ako, E. Shimizu, and C.S. Tamaru. 2001. Bioremediation production systems for ornamental fish. Page 34 in AQUARAMA 2001, 2nd World
Conference on Ornamental Fish Culture Book of Abstracts. May 31–June 2,
2001, Singapore.
Shimizu, E., L. Asano, H. Ako, and C.S. Tamaru. 2001. Enhancing aquaculture
profitability through the use of bioremediation. University of Hawaii, College
of Tropical Agriculture and Human Resources, Undergraduate Symposium.
(Best Undergraduate Oral Presentation).
Tamaru, C.S. 2001. Tropical freshwater ornamental fish industry in Hawaii.
Progress and future prospects. Third Annual Hawaii Aquaculture Association
Conference. Windward Community College, Kaneohe, Hawaii. March 2,
2001.
Tamaru, C.S. 2001. Fancy Livebearer Production. Monthly Meeting, Honolulu
Aquarium Society, Honolulu, Hawaii. January 5, 2001.
Tamaru, C.S., H. Ako, L. Asano, and K. McGovern-Hopkins. 2001. Growth
and enrichment of Moina for use in freshwater ornamental fish culture.
AQUARAMA 2001, 7th International Aquarium Fish and Accessories Exhibition and Conference. May 31–June 3, 2001, Singapore.
Tamaru, C.S., L. Pang, and H. Ako. 2001. The effects of three maturation diets
on the spawning of the armored catfish Corydoras aeneus. AQUARAMA
2001, 7th International Aquarium Fish and Accessories Exhibition and Conference. May 31–June 3, 2001, Singapore.
Year 2
Publications in Print
McGovern-Hopkins, K. and C.S. Tamaru. 2002. Raising boesemani rainbow,
Melanotaenia boesemani, larvae using an artificial feed. I‘a O Hawai‘i
2002(5).
McGovern-Hopkins, K., P. Maloney, N. Maloney, and C.S. Tamaru. 2002. Can
an artificial feed be used to raise Buenos Aires tetra, Hemigrammus
caudovittatus, larvae? I‘a O Hawai‘i 2002(6).
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McGovern-Hopkins, K., G. Takeshita, and C.S. Tamaru. 2002. On the use of
artificial insemination for the commercial production of lyretail swordtails. CTSA
Regional Notes 13(2).
Tamaru, C.S. and K. McGovern-Hopkins. 2002. Use of marine microalgae
concentrates to grow the freshwater water flea, Moina macropoda. I‘a O
Hawai‘i 2002(7).
Tamaru, C.S., K. McGovern-Hopkins, and M. Yamamoto. 2002. Can an artificial
feed be used to raise Siamese fighting fish, Betta splendens, larvae? I‘a O
Hawai‘i 2002(9).
Papers Presented
Shimizu, E., H. Ako, and C.S. Tamaru. 2002. Behavioral limitations for high intensity
ornamental fish culture. Fourth Annual Hawaii Aquaculture Association
Conference. Windward Community College, Kaneohe, Hawaii. May 8, 2002.
Tamaru, C.S. 2002. Freshwater Ornamental Fish Developments. Fourth Annual
Hawaii Aquaculture Association Conference. Windward Community College,
Kaneohe, Hawaii. May 8, 2002.
Year 3
Publications in Print
Asano, L., H. Ako, E. Shimizu, and C.S. Tamaru. 2003. Limited water exchange
production systems for freshwater ornamental fish culture. Aquaculture Research
34:937–941.
McGovern-Hopkins, K., G. Iwai, and C.S. Tamaru. 2002. Can an artificial feed
be used to raise rainbow shark, Epalzeorhynchus erythrurus, larvae. I‘a O
Hawai‘i 2002(11).
McGovern-Hopkins, K., G. Iwai, and C.S. Tamaru. 2003. Raising redtail shark,
Epalzeorhynchus bicolor, larvae with an artificial diet. I‘a O Hawai‘i 2003(2).
McGovern-Hopkins, K., G. Takeshita, and C.S. Tamaru. 2003. Creating the
homozygous genotype for the lyretail trait in swordtails. CTSA Regional Notes
14(4).
McGovern-Hopkins, K., C. S. Tamaru, G. Takeshita, and M. Yamamoto. 2003.
Procedural guide for the artificial insemination of the lyretail swordtail,
Xiphophorus helleri. Center for Tropical and Subtropical Aquaculture
Publication No. 149. 16 pp.
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McGovern-Hopkins, K., C.S. Tamaru, G. Takeshita, and M. Yamamoto. 2003.
Production of the homozygous genotype for the lyretail trait in swordtails. I‘a
O Hawai‘i 2003(1).
Tamaru, C.S., J. Corbin, and K. McGovern-Hopkins. 2003. Talk to the experts
about marketing freshwater ornamental fishes. CTSA Regional Notes 14(1).
Tamaru, C.S., J. Corbin, and K. McGovern-Hopkins. 2003. Talk to the experts
about marketing of freshwater ornamental fishes. Hawaii Aquaculture
Association Newsletter 3(2).
Tamaru, C.S., K. McGovern-Hopkins, D. Yogi, and G. Iwai. 2002. Can an artificial
feed be used to raise freshwater angelfish, Petrophyllum scalare, larvae? I‘a
O Hawai‘i 2002(12).
Tamaru, C.S., K. McGovern-Hopkins, and G. Iwai. 2003. Minimum effective
dosage of Ovaprim for the induction of spawning in the rainbow shark,
Epalzeorhynchus erythrurus. I‘a O Hawai‘i 2003(5).
Tamaru, C.S., K. McGovern-Hopkins, and G. Iwai. 2003. Minimum effective
dose of Ovaprim for the induction of final maturation and spawning in the red
tail shark, Epalzeorhynchus bicolor. I‘a O Hawai‘i 2003(9).
Tamaru, C.S., K. McGovern-Hopkins, and G. Iwai. 2003. On the use of formulated
diets during first feeding of larval freshwater ornamental fishes. CTSA Regional
Notes 14(3).
Tamaru, C.S., K. McGovern-Hopkins, G. Takeshita, and M. Yamamoto. 2003.
Creating the homozygous genotype for lyretail swordtails. Tropical Fish
Hobbyist LI(9 #566):66–70.
Papers Presented
Ako, H., E. Shimizu, L. Asano, and C. S. Tamaru. 2003. Behavioral limitations of
high density fish growout. 2003. Page 23 in World Aquaculture 2003: Book
of Abstracts. May 19–23, 2003, Salvador, Brazil. World Aquaculture Society,
Baton Rouge, Louisiana, USA.
McGovern-Hopkins, K., G. Takeshita, and C.S. Tamaru. 2003. Production of the
homozygous genotype for the lyretail trait in swordtails (Xiphophorus helleri)
using artificial insemination. Page 477 in World Aquaculture 2003: Book of
Abstracts. May 19–23, 2003, Salvador, Brazil. World Aquaculture Society,
Baton Rouge, Louisiana, USA.
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Addressing Some Critical
Bottlenecks to Commercially
Viable Hatchery and Nursery
Techniques for Black-Lip Pearl
Oyster Farming in Micronesia,
and Population Genetics of the
Black-Lip Pearl Oyster
(Pinctada margaritifera)
General Information
Reporting Period

January 1, 2004–September 30, 2004

Funding Level

$63,546

Participants

Maria Haws, Ph.D., Director, Pearl Research and Training Program
Pacific Aquaculture and Coastal Resources Center, University of Hawaii at Hilo
Simon Ellis
Mid-Pacific Marine Consultants
Eileen Ellis, Biologist
Ponape Agriculture and Trade School (PATS)
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Teresa Lewis, Ph.D., Assistant Researcher
Hawaii Institute of Marine Biology (HIMB), University of Hawaii at Manoa
Matang Ueanimatang, Aquaculture Extension Agent
College of the Marshall Islands
Greg Muckenhaupt, Director
PATS
Deirdre Hon, Fred Martin, John Carran, Mikelson Hemil, Cristin Gallagher, and
Jayson Silbanuz
PATS
Quentin Fong, Ph.D.
University of Alaska Fairbanks at Kodiak
Manoj Nair R., Ph.D., Aquaculture Research Scientist
USDA Land Grant Program, College of the Marshall Islands

Objectives
Hatchery and Nursery Methods Component
The overall goal of this component is to conduct applied research to address some
previously identified, critical bottlenecks to black-lip pearl oyster hatchery and
nursery techniques in Micronesia.
1. Develop simple, cost-effective, land-based early nursery techniques for blacklip pearl oysters, and perform a cost-benefit analysis of these techniques
compared with established ocean-based culture techniques.
2. Determine natural spawning seasons for black-lip pearl oysters in Pohnpei,
FSM and share data with a similar effort to be conducted in Majuro, RMI so
that hatchery operators may better time their activities thus increasing the costeffectiveness of these operations. The same information will also assist in
scheduling and preparing for grafting operations.
Pearl Oyster Population Genetics Component
The overall objective of this component is to quantify genetic differences between
regional pearl oyster stocks. This objective is extremely important if hatcheries are
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to address the genetic aspects and issues of broodstock management and the
advisability of transferring localized stocks of pearl oysters within the region.
1. Collect samples from hatcheries in Hawaii, FSM, and RMI as well as from
natural stocks to provide genomic DNA for population genetics analysis.
2. Perform amplified fragment length polymorphism (AFLP) analysis for genetic
fingerprint.
3. Screen microsatellite library to identify diagnostic loci for genetic fingerprint.

Anticipated Benefits
Hatchery and Nursery Methods Component
The industry in
CTSA’s region relies
on hatchery-propagated spat, and
improved hatchery
and nursery methods
would be highly
beneficial.

In most of the region, the pearl industry is dependent on hatchery production for
farm stock, and this has represented a major impediment to development of a
strong industry. Now that pearl oyster hatcheries are present or being developed
in Hawaii, RMI, FSM, and Palau, it is crucial that hatcheries be made more efficient
by lowering mortality, increasing growth rates, improving the dependability of
production, and lowering costs. The frequently high predation rates associated
with ocean-based spat culture are problematic, but can be partially overcome if
means can be found to promote spat growth rates so that spat more quickly reach
sizes at which they are less susceptible to predation. If successful, this component
of the work will yield information leading to improved hatchery and nursery methods
that will assist local facilities in producing more spat with more regularity and at
lower costs. It will also assist farmers and hatchery managers in determining the
best methods for nursery rearing. All information generated by this study will be
shared with regional stakeholders and incorporated into the next edition of the
pearl oyster hatchery manual published by CTSA.
Pearl Oyster Population Genetics Component

Understanding pearl
oyster population
genetics will promote
better stock management decisions.

An improved understanding of basic pearl oyster genetics is key to conservation
of the biodiversity of wild stocks, management of farmed stocks, and broodstock
management in hatchery situations. Pearl oysters are rare, endangered, or protected
in many areas of our region, and there is evidence from previous research in the
South Pacific and Australia that genetically distinct populations may exist. If this is
the case, then this has important implications for managing stocks, particularly in
regards to the ability to transfer hatchery-produced spat or wild adults from one
area to another. As there is also evidence that genetics may have a strong role in
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determining pearl attributes that influence price (e.g., growth rates, color), more
information is needed so that the industry can make good decisions about stock
management without risking losing unique genetic characteristics that have economic
implications. All information generated by this study will be shared with regional
stakeholders and incorporated into regional discussions and decision-making
relevant to managing pearl oyster stocks.

Work Progress and Principal Accomplishments
Hatchery and Nursery Methods Component
Objective 1: Develop simple, cost-effective, land-based early
nursery techniques for black-lip pearl oysters, and perform a costbenefit analysis of these techniques compared with established
ocean-based culture techniques.
Evaluating and optimizing land-based nursery techniques
Milestone 1: Supplies and equipment for the larval rearing run and research
trial will be ordered. (S. Ellis, E. Ellis, and Haws).
Most of the supplies needed for this portion of the work were purchased by the
end of June 2004.
Milestone 2: Algal room operation will begin two months prior to the larval
rearing run to ensure trouble-free production. (S. Ellis and E. Ellis).
The existing algae room was cleaned, and necessary minor repairs were completed
by March 31, 2004. New axenic cultures of Pavlova salina, Chaetocerus
muelleri, Isochrisis galbana, and Tetraselmis suecica were received on April 2,
2004. Staff members (Deirdre Hon, John Carran, Mikelson Hemil, and Fred Martin)
were trained in all aspects of algae culture techniques from April to June. A PATS
student intern (Jayson Silbanuz) was trained for six weeks during the larval rearing
and spat settlement period.
Milestone 3: Work will begin on routinely establishing a reliable “green water”
bloom of phytoplankton for cost-effective, land-based nursery of spat. A
27,000-L tank will be filled with 1-micron filtered seawater (FSW),
commercially available algae fertilizer will be added, and aeration provided.
Water will be monitored for phytoplankton content and density. This process
will be repeated several times throughout the year until researchers are
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satisfied that a reliable method has been determined for “green water” culture.
(S. Ellis and E. Ellis).
This work is planned to commence in December 2004.
Milestone 4: Larval rearing run will be conducted to obtain spat for
experiments. (S. Ellis, E. Ellis, Muckenhaupt, and Haws, in conjunction with
other PATS staff).
Oysters were spawned on June 16, resulting in the production of 18.67 million
fertile eggs. The hatch rate was 77.25%, and a total of 3.6 million larvae were
stocked into six 300-L hatchery tanks at the Marine Environmental Research
Institute of Pohnpei (MERIP) laboratory. Spat were raised in the hatchery until
August 2, when a sufficient number of spat exceeded 1.3 mm (dorso-ventral height,
DVH) in order to start the experiment.
Milestone 5: At day 60 (or at an approximate size of 2 mm), juvenile pearl
oysters will be removed from the larval rearing tanks and placed into 1-mm
spat bags at treatment densities of 100, 200, and 300 spat per bag. Each
stocking density will be replicated three times per tank. Bags will be randomly
hung in one of four land-based 300-L treatment tanks, which will be supplied
with TMD at densities of 150,000, 300,000, 450,000, or 600,000 cells/larva
via a drip-feeding method. Water will be exchanged in all tanks twice per
day and moderate aeration provided to ensure adequate mixing. Bags will
also be rotated regularly to remove any “tank” effect in the treatment tanks.
A triplicate set of spat at each treatment density will also be placed into 1mm and 1.5-mm spat bags on an established farm in Pohnpei lagoon as a
control. A comparison of growth and survival of spat in the differently sized
bags will also be made. Bags hung in the ocean nursery will be checked once
a week and cleaned when necessary. Predatory snails will be removed and
enumerated when encountered on the lagoon farm, and water will be filtered
to 25 microns in the land-based treatment tanks to prevent snail larvae from
entering the tanks. Temperature will be recorded daily in each tank. (S. Ellis
and E. Ellis).
At the end of the spat rearing period, in preparation for this study, spat were
selected for the study by grading them using sieves. Some spat that should have
fallen through the sieve did not because they clung to larger spat. The spat used to
start this study were a mean DVH of 1.7 mm (sd = 0.35 mm), but 10% were 1.3
mm or smaller and could fit through the mesh diagonally. We did not want to
introduce bias by attempting to hand select spat by size, so we randomly assigned
spat to treatment bags regardless of size and intentionally overstocked the bags by
10%. Bags were stocked with 110, 220, and 330 spat for the stocking density
treatments. This was done in the expectation that 10% of spat were small enough
to fall through the mesh bags.
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Spat were stocked into 1-mm mesh bags only. Following a recommendation by
Mr. Masahiro Ito of the College of Micronesia Land Grant pearl project, we used
a polyvinyl chloride (PVC) frame (30 cm x 45 cm) made of ½-inch (1.3-cm) pipe
as a substrate inside the spat bags. Mr. Ito’s design includes a sheet of shade cloth
attached to the frame for spat settlement, but in our experience we found the spat
did not settle on the cloth, but on the PVC pipe only, so we used a pipe frame with
no cloth on it.
The microalgal diet used in this study consisted of equal numbers of Isochrisis
galbana (Tahitian strain), Chaetocerus muelleri, and Tetraselmis suecica cells.
Algae rations were added to experimental tanks in two batches, morning and
evening, rather than by drip-feeding. During the larval rearing run prior to the start
of the experiment, we determined that the drip-feeding method did not always
deliver the entire quantity of algae and thus was not accurate enough to use for a
feeding study. Water was exchanged 100% every two days during the study.
Milestone 6: Twenty days after stocking, twenty randomly selected spat will
be measured from each bag. Spat in each bag will be counted and feeding
rates adjusted accordingly. (S. Ellis and E. Ellis).
Spat were enumerated and samples were measured on August 23rd. Spat in bags
kept on a farm in Pohnpei lagoon were brought to the laboratory for this day and
returned to the farm the following day. To avoid disturbing the spat unnecessarily,
we did not remove them from the PVC pipe substrate while counting and measuring.
The sample of 20 spat was randomly selected by starting from one corner of the
frame and measuring the first 20 spat encountered along the frame.
Milestone 7: Forty days after stocking, 20 randomly selected spat will be
measured from each bag. Spat in each bag will be counted and feeding rates
adjusted accordingly. (S. Ellis and E. Ellis).
Spat were enumerated and samples were measured on September 13th and 14th.
Milestone 8: Sixty days after stocking, 40 randomly selected spat (all the
total remaining spat if less than 40) will be measured from each bag and the
number of spat remaining in each bag counted. (S. Ellis and E. Ellis)
For the final measurement, all spat were removed from the PVC frames. A sample
of no less than 40 spat was randomly selected for measurement (DVH). To avoid
introducing bias, all spat taken for this random sample were measured (40 to 60
spat).
Milestone 9: Data will be analyzed to determine optimum stocking and feed
density. (S. Ellis, E. Ellis, and Haws).
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The data are currently being analyzed.
Objective 2: Determine natural spawning seasons for black-lip
pearl oysters in Pohnpei, FSM and share data with a similar effort
to be conducted in Majuro, RMI so that hatchery operators may
better time their activities thus increasing the cost-effectiveness
of these operations. The same information will also assist in
scheduling and preparing for grafting operations.
Milestone 1: Necessary supplies will be ordered. (S. Ellis, E. Ellis, and Haws).
The majority of the supplies for this study were purchased by June 30th.
Milestone 2: A temperature recorder will be installed in the Pohnpei lagoon.
Temperature data from the recorders will be downloaded every three months.
Rainfall data will be obtained from the NOAA weather stations at each site.
(S. Ellis and E. Ellis).
Temperature recorders in underwater housings were placed in the three sites in
Pohnpei lagoon selected for this study (on May 5th for Awak Pah and Aru sites
and on May 10th for the Napoli site). The sites are located as follows: Napoli 06°
51.68’ N 158° 21.21’ E, Aru 06° 56.33’N 158° 19.34’E, and Awak Pah 06°
57.75’ N 158° 12.82’ E. The shuttle device for downloading temperature data in
the field has proven unreliable and thus the data will not be downloaded until the
study is ended after one year of sampling and the recorders are returned to the
laboratory.
Milestone 3: A total of 5–10 wild pearl oysters will be collected from three
different sites in each lagoon within a 2–3-day period every six weeks
throughout the year. (S. Ellis and E. Ellis).
Rather than searching for oysters for each sample date, all oysters for the study
were collected and deployed on the reef at each site at a depth of 15 meters by
January 26th, over three months prior to the first sampling. Oysters were put in
wire cages for protection, and cages were tagged with an identification number to
aid in data collection. Six oysters from each site were collected and brought to the
MERIP laboratory for each of the sampling dates so far: May 5th, June 16th, July
28th, and September 7th.
Milestone 4: Oysters will be opened, and a qualitative estimate of gonad
condition will be made with reference to presence or absence of gametes and
degree of gonad fullness. Digital images of each gonad will be taken using a
digital camera for comparative documentation and later use in training
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materials to demonstrate the various stages of development. Gonads will
also be measured. Gonad tissue will be examined microscopically to assess
the stage of the development of the gametic material. DVH and weight will
be recorded for each oyster. (S. Ellis and E. Ellis)
Oysters were measured and then opened. Gonads were assessed for potential
spawning condition and photographed with a digital camera. In order to avoid
having to sacrifice oysters, gonads were not measured. A biopsy was performed
to determine condition of gonad tissue. Oysters were then placed in cold water
(22°C) overnight. On the following day, they were placed in warm water (32°C)
for spawning induction. Spawning activity for each oyster was recorded.
Pearl Oyster Population Genetics Component
Objective 1: Collect samples from hatcheries in Hawaii, FSM, and
RMI as well as from natural stocks to provide genomic DNA for
population genetics analysis.
Genomic DNA has
been extracted from
130 tissue samples
from nine different
sites in the region.

Collection efforts have yielded 130 total tissue samples to date. Mantle tissue
samples have been collected from a number of locations in the Federated States of
Micronesia (Ahnt, Pohnpei, Nukuoro, and Chuuk) and the Republic of the Marshall
Islands (Arno, Majuro, Jaluit, and Namdrik). Additionally, samples from Kaneohe
Bay, Oahu were collected. Additional sites throughout Hawaii need to be surveyed
and samples collected for analysis, and increased sample numbers need to be
obtained from all sites excluding Arno in order to have enough tissue replicates for
a statistically sound analysis (30 samples from each site).
Genomic DNA has been extracted and archived for all samples collected to date.
Tissue samples are also archived.
Objective 2: Perform amplified fragment length polymorphism
(AFLP) analysis for genetic fingerprint.

Most of the samples
have been processed to
perform AFLP analysis, and more samples
will also be collected.

Approximately 100 total samples from FSM, RMI, and Hawaii have been
processed to perform AFLP analysis at HIMB. Preliminary results of these
experiments indicate there are significant genetic differences between farmed and
wild populations of oysters and among oysters from various regions included in the
study. However, in most instances the number of oysters included in this analysis
(i.e., only three from Kaneohe Bay) is much too low to provide statistical confidence
in these results. Additional samples are being collected to correct this.
Objective 3: Screen microsatellite library to identify diagnostic loci
for genetic fingerprint.
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Samples of genomic DNA have been extracted and pooled for production of a
microsatellite library in order to develop diagnostic microsatellite loci to identify a
genetic fingerprint for P. margaritifera. This material has been submitted to Genetic
Identification Services (GIS), a commercial enterprise based in Chatsworth, CA,
USA, that will produce the library and provide primers to screen samples at HIMB
to identify diagnostic loci. This work is currently in progress at GIS.

Work Planned
Hatchery and Nursery Methods Component
Data from the spat rearing experiment will be analyzed, and recommendations for
hatchery production of spat will be formulated. Trials to determine feasibility of the
production of “green water” to rear pearl oyster spat will begin in December.
Gonad assessment of oysters from each of the three lagoon sites will continue to
be conducted every six weeks until the end of the one-year time frame. Data will
be collated, and any seasonal or site-specific trends will be noted. This work has
also been an excellent learning and training experience for MERIP and PATS staff
and students.
Pearl Oyster Population Genetics Component
Sample collection is still ongoing. S. Ellis, E. Ellis, Muckenhaupt, Haws, and others
are currently working to obtain enough samples for processing and analysis by the
end of 2004. Hawaiian P. margaritifera samples will be collected in early 2005
for processing and analysis. While most of the samples collected and returned to
the University of Hawaii at Hilo and HIMB for processing have yielded genomic
DNA of relatively high molecular weight and integrity for analysis, some sets of
samples have not been successfully preserved for transport, and this problem is
currently under investigation. New sets of samples, storage buffer, and collection
tubes were provided to overcome this problem.
Additional AFLP primers are going to be included in future analysis to identify how
many AFLP markers are required to produce a true genetic fingerprint. More
importantly, inclusion of more samples for AFLP will be performed once Objective
1 has been completed.
Once GIS has provided primers for screening of samples, microsatellite analysis
of samples will commence at HIMB. It is anticipated that this work will begin
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some time in December as the samples collected by S. Ellis, E. Ellis, Muckenhaupt,
Haws, and others in the fall of 2004 are provided to Lewis at HIMB.

Impacts
Hatchery and Nursery Methods Component
Since the experiments are still in progress and some of the data remain to be
analyzed, the full impact of the research element of the work cannot yet be reported. This work has proved to be an excellent training exercise for the staff at
MERIP/PATS, which includes Micronesian staff and marine science students.
Pearl Oyster Population Genetics Component
Once the genetic fingerprint of P. margaritifera has been determined and comparisons of oyster stocks from various farmed and wild populations accomplished,
the results will be published in the CTSA newsletter and disseminated to stakeholders. Knowledge of the genetic relatedness of various populations of pearl
oysters throughout the region will allow managers to make informed decisions
regarding transfers of localized stocks between locations within the region. Future
development of a selective breeding program for oysters also hinges on the results
of the project’s genetics component.

Publications in Print, Manuscripts, and
Papers Presented
Lewis, T.D., C. Martin, C. Muir, M. Haws, S. Ellis, M. Ueanimatang, D. David,
and M. Nair R. 2004. Population genetics of the black-lip pearl oyster Pinctada
margaritifera. Page 350 in Aquaculture 2004: Book of Abstracts. March 2–
5, 2004, Honolulu, Hawaii. World Aquaculture Society, Baton Rouge, Louisiana, USA.
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Aquaculture Extension
and Training Support in the
U.S.-Affiliated Pacific Islands:
Black-Lip Pearl Oyster Spat
Production, Year 14
General Information
Reporting Period

April 1, 2003–July 31, 2004 (Year 14, final report)

Funding Level

Year
1
2
3
4
5
6
7

Participants

Rand Dybdahl, Pearl Oyster Specialist
College of the Marshall Islands

Amount
$100,000
$82,870
$73,600
$70,000
$75,000
$98,000
$70,000

Year
Amount
8
$75,000
9
$85,000
10
$85,000
11
$75,600
12
$100,520
13
$114,300
14
$70,000
TOTAL $1,174,890

Donald Hess, Chair
Liberal Arts and Science Department, College of the Marshall Islands
Manoj Nair R., Ph.D., Aquaculture Research Scientist
USDA Land Grant Program, College of the Marshall Islands
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Diane Myazoe, Dean
Land Grant, College of the Marshall Islands
Danny Wase, Director
Marshall Islands Marine Resources Authority (MIMRA)
Jessica Reimers and Ramsey Reimers
Robert Reimers Enterprises (RRE)
Virgil Alfred and Bobby Muller
Black Pearls of Micronesia (BPOM)

Objectives
1. Establish and implement protocols for spawning and rearing sufficient
number of pearl oyster spat per year for research, extension, demonstration,
and evaluation.
2. Provide training to local people (Marshallese and other Micronesians) on all
aspects of the pearl industry from spat production to establishment of farms.
3. Design and conduct practical research on hatchery production of spat and
farm grow-out technologies in collaboration with other scientists from local
and regional institutions.
4. Assist and advise in hatchery designs and construction.
5. Initiate and maintain algal cultures. Supervise and train at least five local hatchery staff to be able to independently perform all required activities.
6. Perform other related duties determined to be needed and appropriate by the
Center for Tropical and Subtropical Aquaculture and the College of the Marshall
Islands.

Principal Accomplishments
Objective 1: Establish and implement protocols for spawning and
rearing sufficient number of pearl oyster spat per year for research,
extension, demonstration, and evaluation.
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Two successful hatchery runs were conducted, and both
produced enough spat
for local industry and
research needs.

Project investigators conducted two hatchery runs at the College of the Marshall
Islands’ Arrak campus Land Grant pearl oyster hatchery. Project investigators
produced 1.07 million settled spat during the first hatchery run from June 1 to July
16, 2003. The spat were distributed to two local companies, Robert Reimers
Enterprises (RRE) and Black Pearls of Micronesia (BPOM), and each received
357,000 spat ranging in size from 2 to 2.5 mm. This was three times the amount
initially requested. It was also the first time in more than two years that spat have
been produced and distributed to the farms. The remaining spat were suspended
from a submerged long line at the college’s Arrak campus demonstration pearl
farm to evaluate nursery methods.
On May 15, 2004, project investigators successfully conducted the second pearl
oyster spawning trial using broodstock oysters from the Arrak demonstration farm
and RRE’s farm on Arno atoll. Male oysters began spawning within 15 minutes of
the broodstock being placed within tanks with heated seawater. So many males
spawned that their sperm turned the seawater milky in color making it difficult to
discern spawning female oysters. At least 21 oysters spawned, and tens of millions
of fertilized eggs were placed into three 750-L larval tanks. This large number was
beyond the carrying capacity of the Arrak hatchery, and the excess larvae were
progressively culled while still ensuring that enough settled spat remained by Day
42 (June 30, when the spat had grown to an average size greater than 2 mm). A
total of 260,000 spat were produced, and the two commercial farms, RRE and
BPOM, picked up 125,000 spat each on June 30, which they took to their farms
on Arno atoll. The rest of the spat were maintained for research purposes at the
CMI Land Grant pearl farm in Arrak to compare the growth characteristics and
growth rates at different areas and to evaluate nursery methods.
Objective 2: Provide training to local people (Marshallese and
other Micronesians) on all aspects of the pearl industry from spat
production to establishment of farms.

Seven local individuals
and one outer-island
worker received
training in pearl oyster
hatchery techniques
and farm husbandry.

During the May 2004 hatchery run, neighboring local workers were hired to assist
the project investigators because the promised trainees from the stakeholders never
materialized. A total of seven outside staff received training in most aspects of
pearl oyster hatchery propagation and farm husbandry. Project investigators also
trained the first outer-island worker sponsored by the Rongelap Atoll Local
Government. He received extension training in both pearl oyster hatchery and
farm grow-out husbandry. His training was the result of several requests made by
outer-island communities interested in spat grow-out as a way to lessen their
dependence on copra as a source of income. These communities could thereby
supplement their income by growing out spat to sizes requested and paid for by
the larger commercial companies. Subsequent workers would require training prior
to receiving spat to reduce grow-out mortality. Training funds are being sought
from outside sources for next year’s hatchery runs to foster the initial development
of four spat grow-out units on four other outer atolls.
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Objective 3: Design and conduct practical research on hatchery
production of spat and farm grow-out technologies in
collaboration with other scientists from local and regional
institutions.
Project investigators
tested a new settlement substrate,which
was based on the
design used by a
College of Micronesia researcher.

Unlike the first hatchery run, the spat produced in 2004 were settled on a newly
designed settlement substrate. The design was a modified version of the substrate
used successfully by Mr. Masahiro Ito in Pohnpei for his College of Micronesia
Land Grant Program pearl project. The substrate was made of shade cloth attached
to a PVC pipe frame, which was constructed to fit inside the spat bag. A settlement
slat was also placed inside the bag to catch and resettle any spat that were dislodged
from the frames during transport. Spat bags containing the frames were then
suspended from longlines at the farm sites for grow-out of the spat.
Project investigators advised industry members on grow-out techniques. In addition
to detailed instructions sent via e-mail, the pearl oyster hatchery specialist also
explained everything at two stakeholders’ meetings using an actual settlement frame
as a visual aid. The specialist told them that farm divers needed to inspect the bags
at least weekly to remove any predators and to change spat bags when fouling
had occurred. As the spat grew in size, the frame should be placed in spat bags
with progressively larger mesh so that adequate water circulation with the entrained
phytoplankton food was maintained. When the spat reached a size greater than
13 mm dorso-ventral shell length (thumbnail size), the spat should be carefully
removed from the shade cloth by cutting through the spat’s attaching byssal threads
(i.e., not pulled off) and placed into the appropriate size mesh of the farm’s pocket
panel nets for further grow-out to a size into which pearl nuclei could be inserted
by a technician to produce cultured pearls.
Objective 4: Assist and advise in hatchery designs and
construction.

Project investigators
remodeled a hatchery
at the College of the
Marshall Islands’
Arrak campus to
accommodate pearl
oysters.

The College of the Marshall Islands’Arrak hatchery was successfully renovated
for propagation of pearl oyster spat during 2003, and both runs were conducted
at this hatchery, which required fewer modifications than the larger, formerly
commercial hatchery at Woja. For example, the Arrak hatchery already had
electric power and working seawater intake pumps. In April 2003, project
investigators submitted a preliminary list of equipment needed to make the Woja
hatchery operational to its owner, MIMRA. As of July 2004, the equipment had
not yet been ordered. Therefore, project investigators continued to use the facilities
at Arrak. Additional improvements to the Arrak hatchery were also made prior to
the second hatchery run. This included the installation of submersible pumps to
move seawater between tanks.

78  Center for Tropical and Subtropical Aquaculture

Aquaculture Extension and Training Support for the U.S. Affiliated Pacific Islands

Objective 5: Initiate and maintain algal cultures. Supervise and
train at least five local hatchery staff to be able to independently
perform all required activities.
Four microalgal
species were acquired
and maintained, and
seven local individuals
were trained.

For the first improvised hatchery run, three microalgal species were acquired from
the Woja hatchery, and a fourth species was brought in from Hawaii. These starter
cultures were then used to initiate food production for the pearl oyster larvae and
settled spat during the hatchery run. However, food production was limited by the
lack of available glassware and culture flasks on site as well as by the lack of
promised trainees who would have been able to take over some of the workload
during the hatchery run.
More glassware was acquired from the Woja hatchery before the second hatchery
run so that the propagation of pearl oyster spat was no longer constrained by food
production. As mentioned under Objective 1, neighboring local workers were
hired to assist in the hatchery run, and seven outside staff received training in most
aspects of pearl oyster hatchery propagation and farm husbandry.
Objective 6: Perform other related duties determined to be needed
and appropriate by the Center for Tropical and Subtropical
Aquaculture and the College of the Marshall Islands.
The project’s top priority was the hatchery propagation of pearl oyster spat.
However, at the behest of CMI and MIMRA, the project’s pearl oyster hatchery
specialist also participated in workshops on aquaculture and resource development
on RMI’s outer-island atolls.

Impacts
Pearl oyster hatchery specialist Mr. Rand Dybdahl, in collaboration with Dr. Manoj
Nair R., succeeded in producing 1.07 million settled spat at the CMI’s Arrak
Campus research hatchery after modifying it to propagate pearl oysters during the
project’s first hatchery run. Another successful spat production was achieved at
the same location in June 2004, when 260,000 settled spat were produced and
125,000 spat were distributed to each of the two commercial companies. Thus,
local hatchery production of spat was demonstrated conclusively, making pearl
farming on RMI’s islands again possible.
For next year’s project, the continued hatchery propagation of black-lip pearl
oysters will ensure a stable supply of spat for the fledgling industry in the RMI.
Larval rearing experiments done concurrently during the run will help to identify
site-specific hatchery protocols that should be adopted for optimal propagation.
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Other deliverables from a continuation of this project include the development of
guidelines for the successful grow-out of spat, a hatchery production cost model,
publication of a site-specific hatchery manual, and the continuation of extension
training and technology transfer through local and regional workshops.

Publications in Print, Manuscripts, and
Papers Presented
Nair R., M. and R.E. Dybdahl. 2004. Status of black-lip pearl oyster farming in
the Republic of the Marshall Islands. Proceedings of the World Aquaculture
Society, Honolulu, Hawaii, March 1–5, 2004. Journal of Shellfish Research
23(1):304.
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Economic Feasibility for Freshwater Ornamental Fish Growers
in Hawaii to Market their Products Directly to West Coast
Retailers

General Information
Reporting Period

December 1, 2003–September 30, 2004

Funding Level

$29,814

Participants

PingSun Leung, Ph.D., Professor
University of Hawaii at Manoa
Stuart Nakamoto, Extension Specialist
University of Hawaii at Manoa
Clyde Tamaru, Ph.D., Extension Specialist
Sea Grant Extension Service
Lotus Kam, Graduate Student
University of Hawaii at Manoa

Collaborators

Robert Kern
Tropical Ponds of Hawaii
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Richard Spencer, Ph.D.
Hawaiian Marine Enterprises

Objective
Evaluate the economics for ornamental fish growers to either individually or cooperatively market their products directly to U.S. West Coast retailers.

Anticipated Benefits
This project will seek to respond to the following question posed by many freshwater ornamental fish growers: “Is it economically viable for producers to directly
market their product(s) individually or cooperatively?”

Work Progress and Principal Accomplishments
Evaluate the economics for ornamental fish growers to either
individually or cooperatively market their products directly to U.S.
West Coast retailers.
Project staff conducted
a survey of the freshwater ornamental
industry in Hawaii and
summarized the findings in a report.

The first part of this project has been devoted to the first two stated tasks: (1) to
compile an updated profile of all commercial growers in freshwater ornamental
production in Hawaii, including their production volume and prices by species and
current marketing channels and (2) to identify the various possible direct marketing
channels available for producers. A draft report summarizing the major findings of
the survey has been prepared and is currently under review by various concerned
parties. An extract of the summary findings is presented below.
Surveys were distributed to over 100 Hawaii aquaculture ornamentalists. Nearly
40 survey responses were received, with 16 responses from individuals actively
engaged in freshwater ornamental production. The survey responses were
consolidated to generate a profile of the industry and report on issues affecting
Hawaii’s freshwater ornamental aquaculturists (producers). In addition, 15 industry
members were contacted by phone and in person to obtain a more in-depth view
of the industry based on the perspectives of producers, wholesalers, and retailers.
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The freshwater ornamental fish producers responding to the survey reported a
combined sales of over $120,000, or approximately half of the estimated freshwater
ornamental aquaculture industry. Most of the ornamental enterprises reported they
have fewer than four employees and have been in business for over six years.
Based on the producers responding to the survey, guppies, swordtails, and platys
were the most commonly stocked species. Koi, swordtails, and gouramis
contributed to over half of the product value (25.7%, 20.0%, and 7.3%,
respectively). Swordtails, gouramis, and platys contributed to nearly half the volume
of sales (23.5%, 16.1%, and 8.7%, respectively). According to the 2003 geographic
distribution of the freshwater ornamental fish sales reported, approximately 29%
of products sold remained in Hawaii, while 71% were bound for the mainland. A
total of 65% of fish sales were conducted through wholesalers shipping products
to the mainland, whereas 4% were sold directly to mainland retailers.
According to those surveyed, the most salient issues among freshwater ornamental
producers are low prices, distribution, and resource costs (feed, water, and energy).
In order to obtain higher profit margins, Hawaii ornamentalists could sell products
at retail prices directly to the mainland. Retailers, who have access to a number of
local, national, and international supply channels, control freshwater ornamental
fish prices. Wholesalers compete for market share, exerting downward pressure
on farm gate prices. Based on the proportion of sales transacted through
wholesalers, producers could conceivably sell as much as 65% of their products
(in value terms) directly to retailers if they were willing to take on the risk and
responsibilities traditionally carried out by wholesalers. According to those
responding to the survey, 11 out of 14 ornamentalists indicated that they would
consider taking on greater risk by selling their products to mainland retailers.
However, based on current production size and scope of Hawaii freshwater
ornamental farmers, farmers may not be able to single-handedly provide the
consistency and variety demanded by retailers.
Distribution is affected by a number of factors, particularly, agricultural inspection
and shipping. Ornamentalists feel that government support of the industry could
help to streamline the agricultural inspection process. For example, they might
permit producers who comply with a certification program to bypass airport
inspection of approved products when shipping ornamental fish to the neighbor
islands. Shipping cost is a general problem for Hawaii businesses. However,
discounted airline cargo rates are available for shipping live fish. In addition,
ornamental aquaculturists who are members of plant and cut flower associations
may be able to obtain discounted shipping rates through carriers such as FedEx.
Nonetheless, it may be difficult for many of Hawaii’s ornamental aquaculturists to
sell the volume needed to benefit from the discounted rates offered (equivalent to
approximately 100 lbs). A cooperative effort, either casually or formally, may be
needed to combine shipments in order to benefit from the discount shipping rates.
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Finally, ornamentalists could increase profit margins by reducing their resource
costs. Forming alliances, such as agricultural cooperatives, can help to reduce
farmers’ production costs by leveraging volume discounts and spreading out
marketing costs. Feed and packaging, for example, could be purchased by a
cooperative in bulk quantities at a discount and sold to members of the cooperative.
The effectiveness of such organizational structures among Hawaii freshwater
aquaculture ornamentalists, however, depends on the quality of its members and
rules governing organizational decision making.

Work Planned
The second half of this project is targeted to the third stated task: to assess the
economic feasibility of the identified direct marketing channels and also the advantage of acting as a group as compared to individual marketing effort. Preliminary
cost information has been obtained from ornamentalists and directly from vendors.
The cost information will be used to build a preliminary budget for analyzing the
feasibility of marketing freshwater ornamentals directly to the West Coast. Partial
budgeting will be utilized as the basic framework for the assessment, i.e., accounting for the additional costs and additional revenue for each alternative.

Impacts
This profile of Hawaii aquaculture ornamentalists, combined with industry perspectives and marketing outlook, provides producers with a starting point for evaluating the prospect of direct marketing to the West Coast. The advantages of
direct marketing depend on individual business operations, including actual product lines, extent of marketing promotion, operating costs, and desired profitability.
An investigation of the financial impact of direct marketing, along with the insights
of Hawaii ornamentalists presented in this report, can help freshwater ornamental
practitioners to carry out informed business decisions.
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Publications in Print, Manuscripts, and
Papers Presented
Kam, L.E., P.S. Leung, and C.S. Tamaru. Draft. Direct Marketing Hawaii’s Freshwater Ornamental Aquaculture Products. Center for Tropical and Subtropical
Aquaculture Publication. 23 pp.

December 2004  85

Seventeenth Annual Accomplishment Report

86  Center for Tropical and Subtropical Aquaculture

Aquaculture of Marine Ornamental Species, Year 3
General Information
Reporting Period

June 1, 2002–September 30, 2004

Funding Level

Year
1
2
3

Amount
$128,735
$104,135
$102,325

TOTAL $335,195
Participants

Robin J. Shields, Ph.D.
The Oceanic Institute
Charles W. Laidley, Ph.D.
The Oceanic Institute
Cynthia L. Hunter, Ph.D.
Waikiki Aquarium
Karen Brittain
Waikiki Aquarium
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Objectives
The Oceanic Institute (OI)
1. Maintain and expand centralized broodstock populations of yellow tang
(Zebrasoma flavescens) and flame angelfish (Centropyge loriculus).
2. Evaluate the effects of harem size on reproductive activity and spawning performance of angelfish broodstock.
3. Determine appropriate stocking densities and sex ratio for yellow tang
broodstock.
4. Test pilot-scale rearing system for mass production of angelfish fry.
The Waikiki Aquarium (WAQ)
5. Determine uptake rate, survival, and growth of angelfish and yellow tang larvae, and/or other available species fed wild zooplankton collected from inshore waters in South Oahu.

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, allowing for
the rapid development of new aquacultured species. As expressed in the June
1997 newsletter of the American Marine Life Dealers Association, 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
Years 1 and 2
During Years 1 and 2 of this project, broodstock populations of two highly popular
marine ornamental species, flame angelfish and yellow tang, were established at
OI for seedstock production. Experiments were carried out to determine optimal
tank configuration for adult flame angelfish, in terms of system volume and to induce
spawning behavior. Systems and husbandry protocols were developed based on
750-L holding tanks, mimicking essential parameters in the fishes’ natural reef
environment, in combination with a natural photoperiod and temperature regime
and varied broodstock diet. This approach enabled the rapid onset of reproductive
activity, continuous daily spawning, and record levels of egg production from captive
flame angelfish stocks. Installation of multiple broodstock holding units based on
this design generated sufficient flame angelfish larvae to begin small-scale hatchery
rearing trials.
Several colonies of captive yellow tang were established during project Year 1.
These stocks began releasing unfertilized eggs that year and subsequently proceeded
to produce fertile spawns, enabling the first description of yellow tang yolk sac
larvae. Examination of spawning rhythmicity indicated a lunar spawning cycle for
this species. Yellow tang stocks were expanded to eight tanks during Year 2,
however, low egg fertilization rates were problematic, and larvae supply was
sufficient to carry out only preliminary rearing trials.
A breakthrough occurred in Year 1 when
a feeding strategy was
identified that kept
flame angelfish larvae
alive for 19 days posthatch.

In an effort to identify suitable diets for small marine ornamental fish larvae, a series
of replicated experiments was carried out at OI during project Year 1, comparing
the survival and growth rates and feed uptake of flame angelfish larvae offered
different zooplanktonic prey types. None of the tested diets (ss-type rotifers, oyster
trochophores, and dinoflagellate/protozoa combinations) enabled survival beyond
yolk exhaustion. Indeed, the angelfish larvae appeared to be starving despite
apparent ingestion of experimental diets. Better progress was made by applying a
semi-intensive feeding strategy to rear flame angelfish larvae in 1,500-L tanks.
Using a combined diet of dinoflagellates, ciliated protozoa, and rotifers, angelfish
larvae were reared to 19 days post-hatch, which represented a breakthrough at
the time.
During Year 1, collaborators from the Guam Aquaculture Development and Training
Center (GADTC) collected adults of several ornamental fish species, including
clown coris, but were unable to obtain spawns. Due to changes in personnel at
GADTC, this collaboration was dropped in subsequent project years.
Planned experiments to compare intensive versus semi-intensive “green water”
rearing methods for a variety of fish larvae were not accomplished during project
Year 1 (University of Hawaii and UH Sea Grant Extension Service). Owing to the
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departure of the relevant investigator, Year 1 research to develop culture methods
for feather duster worms (University of Hawaii and UH Sea Grant Extension Service)
was transferred out of the CTSA Marine Ornamentals project.
During project Year 2, larvae research at OI focused on examining the effects of
different microbial conditions on flame angelfish rearing performance. A smallscale rearing system was established, allowing rigorous testing of multiple
experimental treatments. This system was used to develop a disinfection technique
that reduced surface bacterial loading of angelfish embryos by more than 99%,
involving immersion in a 3% solution of hydrogen peroxide for five minutes.
Studies were also carried out at OI during Year 2 to examine the effects of water
source and microalgae type on the survival rate of flame angelfish yolk sac larvae.
Larvae were reared in “mature,” UV-sterilized water, or in water that had only
received mechanical filtration, with or without addition of microalgae. Highest mean
survival rate (70% to day-4 post-hatch) was obtained in groups of larvae receiving
matured water plus T. Isochrysis sp. microalgae. Nannochloropsis sp. algae was
not beneficial to early larval survival, while larvae reared in “clear,” mechanically
filtered water exhibited much lower mean survival (23%) than all other groups.
Based on these findings, the use of matured water plus T. Isochrysis sp. was
adopted as standard for first-feeding flame angelfish larvae.
In Year 2, progress
from CTSA- and
NOAA-funded projects
led to the production of
the world’s first captive-reared juvenile
flame angelfish.

In parallel to these Year 2 CTSA studies, a breakthrough was made within a
NOAA-funded project at OI in culturing a suitable zooplanktonic diet (calanoid
copepod) for flame angelfish and other tropical marine fish species that produce
very small larvae. The world’s first captive-reared juvenile flame angelfish were
produced during 2001 using this diet. Due to the combined progress in flame
angelfish larviculture within the CTSA- and NOAA-funded projects during 2001–
2002, it has been possible to direct Year 3 CTSA funding towards scale-up of egg
production and the development of pilot-scale rearing methods for this desirable
ornamental fish species.
Progress in rearing new marine ornamental fish species was also made by WAQ
researchers during 2001, with the first ever production of juvenile masked angelfish,
Genicanthus personatus, using cultured prey. WAQ researchers also provided a
zooplankton identification service for the GADTC during project Year 2, of samples
collected in Guam during Year 1.
Year 3
Objective 1: Maintain and expand centralized broodstock
populations of flame angelfish (Centropyge loriculus) and yellow
tang (Zebrasoma flavescens).
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Extensive system commissioning was undertaken to allow for expansion of both
flame angelfish and yellow tang broodstock populations.
Flame angelfish
broodstock populations
were expanded, which
proved to be a challenging endeavor, and
the broodstock system
was converted to
water reuse to mitigate
the problems.

The flame angelfish broodstock population was expanded from four tanks to 19
tanks, 13 of which were used for CTSA-funded research. With expansion of
flame angelfish broodstock populations came a series of unexpected challenges
that severely limited what was envisioned to be a relatively straightforward objective.
The first challenge was the poor survival and rapid deterioration of newly stocked
broodstock in OI saltwater. After considerable efforts to troubleshoot the problem,
we determined that the low pH (approximately 7.6) of water from the OI saltwater
well was likely detrimental to the fish, resulting in rapid loss of coloration and high
incidence of mortality. This was a surprise finding in that many marine aquaculture
systems for foodfish production operate at system pHs in the mid to low 7 range
without apparent detrimental effects on the animals. However, these coral reef
species appear much more sensitive to changes in water chemistry than previously
cultured foodfish species. Attempts to degas CO2 from the system were unsuccessful
due to the higher flow created by expansion in the number of tanks. Commercial
degassing columns were only partially successful in removing CO2, increasing pH
by less than 0.1 pH unit. Therefore, we decided to convert the replicated flame
angelfish broodstock system to water reuse, which would provide greater
opportunity to remove ambient CO2 through degassing and restore water pH to
more normal levels for coral reef species. The system installation included a degassing
column on incoming water, a fluidized sand-bed biofilter, large (oversized) protein
skimmer, and UV sterilizer (Figure 1).

FIGURE 1. Photograph of new replicated flame angelfish broodstock system
showing several of the broodstock tanks in the background and heat pump
and UV sterilizer in the foreground.
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This new system appears to have prevented the pH-induced changes in broodstock
coloration when operated at very high water reuse rates (99% or higher), but the
newly stocked fish did not initiate spawning activity as expected and continued to
demonstrate unusually high mortality rates due to Amyloodinium infestation. It is
unclear whether the high incidence of Amyloodinium is related to higher water
temperatures (>29°C) experienced in the water reuse system, or represents
contamination of stocks obtained from the local wholesaler. Therefore, we have
made adjustments to both, including the addition of a 1.5 hp heat pump to tightly
regulate water temperatures in the broodstock system and sourcing broodstock
from a new transshipper. The new broodstock system appears to be performing
well, and a new stock of flame angelfish broodstock from a new supplier should
arrive in the next few weeks.
Yellow tang broodstock
populations were also
expanded and maintained.

The yellow tang populations were also expanded under the CTSA project to eight
broodstock tanks to increase potential egg production and to examine the effect of
broodstock population size (see Objective 2).
Established populations of yellow tang and flame angelfish continue to be maintained
for seed production using current best husbandry practices. Daily measurements
of fecundity and egg fertilization rates are made for each spawning stock at OI,
and developing embryos are supplied for hatchery rearing trials as required.

FIGURE 2. Photograph of a “normal” flame angelfish (left panel) and flame
angelfish exhibiting severe coloration changes on the head (right panel). The
“disease” has been attributed to the high CO2 concentrations in water sourced
from saltwater wells.
Objective 2: Evaluate the effects of harem size on reproductive
activity and spawning performance of angelfish broodstock.
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The flame angelfish harem size experiment was stocked twice, with each experiment
running for six months prior to termination. In each case, the slow onset of spawning
activity, poor egg fertility rates, and escalating rate of mortalities and Amyloodinium
infestation compromised the experiment. As fully discussed under Objective 1, we
have made substantial changes to the broodstock holding system in response to
encountered problems and hope to complete this trial under the Phase II, Year 1
project.
Objective 3: Determine appropriate stocking densities and sex
ratio for yellow tang broodstock.
The new yellow tang broodstock tanks were successfully commissioned allowing
stocking of the stocking density trial early in 2004. However, extensive wind and
storm damage to the Doherty hatchery and broodstock facilities forced termination
of the trials to allow for roof repairs over experimental tanks. The repairs have just
been completed, and the tank systems will immediately be restocked with yellow
tangs as described under the experimental work plan to complete the proposed
studies.
Objective 4: Test pilot-scale rearing system for mass production
of angelfish fry.
During Year 3, trials were carried out to compare semi-intensive versus intensive
rearing of flame angelfish larvae. Larvae were reared either semi-intensively in
4,000-L tanks, or intensively in 200-L tanks (two tanks per method). For the
semi-intensive approach, the rearing tanks were inoculated with T. Isochrysis sp.
microalgae and cultured calanoid copepods (all developmental stages), before
stocking with two-day old flame angelfish larvae at a density of 0.7 to 0.9/L.
Larvae grazed on the tanks’ endogenous copepod populations, and rotifers were
introduced only when copepod supplies were becoming exhausted. In contrast,
the intensive 200-L tanks were stocked at a higher density (~10 larvae/L), and the
angelfish larvae were fed a defined copepod ration each day. Rotifers were
introduced to the intensive rearing tanks from day-10 post-hatch. Survival rate to
3–4 weeks post-hatch was higher (2.1%, 6%) in the intensive rearing tanks than in
the semi-intensive rearing tanks (0%, 1.4%). Fish from both groups were reared
to metamorphosis, although chronic mortality during the late postlarval phase was
problematic.
Subsequent larval rearing experiments were delayed while the new broodstock
populations were established and conditioned to generate sufficient numbers of
eggs to meet experimental requirements and while the Doherty hatchery facility
was repaired from storm damage in December 2003 and January 2004. Mass
production systems will continue to be developed and evaluated under Phase II
studies once broodstock egg production meets the necessary output for mass
production studies.
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Objective 5: Determine uptake rate, survival and growth of
angelfish and yellow tang larvae, and/or other available species
fed wild zooplankton collected from in-shore waters in South
Oahu.
At WAQ, Genicanthus personatus stocks produced only very small batches of
eggs, preventing rearing trials from being carried out. Small spawns of C. fisheri
and C. multicolor were also obtained. Trials were conducted with C. fisheri
larvae supplied by Frank Baench, using rearing methods developed in 2001. None
of these larvae survived for more than 10 days. Wild plankton was collected in
offshore tows on three occasions and by hand from near-shore reef areas on three
other occasions. These samples were screened, sorted, and identified, and cultures
were started with several of the smaller copepod species. Cultures were maintained
for up to two weeks. A starter culture of Oithona sp. was also obtained from the
Hawaii Institute of Marine Biology, and culture trials are ongoing.

Work Planned
The following research work is planned under Phase II of the project:


Continue husbandry of adult flame angelfish for seedstock production.



Continue harem size experiment.



Continue flame angelfish pilot-scale rearing trials, with emphasis on improving postlarval 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 represents a key economic
opportunity for farmers in Hawaii and Pacific Island affiliates, such as Guam, for
several reasons. Firstly, 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 aquaculture-raised, and that the actual
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numbers of cultured fish traded is miniscule compared to those traded by collectors.
This is unlike the situation currently faced by freshwater ornamental farmers in
Hawaii, who compete in markets with well-established foreign and other domestic
producers. Secondly, 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 over 85% of the coral reefs in the United States, positioning the region
well for development of an aquaculture-based industry. Success of this project will
not only provide new economic opportunity to farmers, but will also help ensure
the long-term sustainability of the marine ornamental trade by providing alternatives
to wild collection practices and a means to practice resource conservation.

Publications in Print, Manuscripts, and
Papers Presented
Invited presentation at Marine Aquarium Council of North America XV on “Research development on yellow tang and pygmy angelfishes at the Oceanic Institute
in Hawaii.” September 5–7, 2003, Louisville, Kentucky.
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.
Laidley, C.W., A.F. Burnell, R.J. Shields, A. Molnar, and T. Kotani. 2004. Research and development of marine ornamentals at the Oceanic Institute in
Hawaii. Marine Ornamentals ‘04. March 1–4, 2004, Honolulu, Hawaii.
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Aquaculture of Marine Ornamental Species, Phase II: Techniques for Large-Scale Production of Pygmy Angelfish, Year 1

General Information
Reporting Period

January 1, 2004–September 30, 2004

Funding Level

Year
1

Participants

Charles W. Laidley, Ph.D.
The Oceanic Institute (OI)

Amount
$100,000

Objectives
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.
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5. Optimize culture conditions for zooplankton suitable as prey for marine ornamental fish larvae.

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, 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.

Work Progress and Principal Accomplishments
The initiation of Phase II of the Marine Ornamental Project—techniques for largescale production of pygmy angelfish—was targeted for early in 2004. However,
storm damage to the Doherty Research Hatchery Facility and slow progress in
commissioning the new flame angelfish broodstock systems have delayed project
initiation.
Objective 1: Validate husbandry procedures developed for largescale production of flame angelfish eggs.
The marine ornamental broodstock holding system is nearly
complete.

The commissioning of the environment-controlled broodstock system (funded from
other funding sources) for broodstock population expansion is nearing completion.
The system is being installed in an insulated room and includes a series of sixteen
500-L broodstock tanks provided with a constant supply of reconditioned OI
well water (Figure 1, left panel). The water reuse system consists of an 18" cyclobio®
fluidized sand biofilter, a 50 gpm RK2 protein skimmer with 200 mg ozonation
unit, 180 W UV sterilizer, charcoal filter, and 2 hp Aqualogic heat pump (Figure 1,
right panel). It is anticipated that the system will be completed and ready for fish
stocking within the month.
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FIGURE 1. Photographs of the 16-tank marine ornamental broodstock system currently being installed in the Doherty Research Hatchery Facility at
the Oceanic Institute. The left photograph shows some of the 500-L polypropylene tanks in the insulated broodstock holding room and the right photograph shows the water reuse equipment.
Objective 2: Assess the reproducibility of mass rearing
techniques developed for flame angelfish larvae.
The larval rearing component of this project will be initiated upon development of
sufficient egg supply from newly expanded broodstock populations, anticipated
early in the new year.
Objective 3: Develop appropriate weaning protocols for juvenile
flame angelfish.
As with Objective 2, this third objective will be initiated upon producing sufficient
numbers of flame angelfish juveniles to conduct the replicated weaning trials.
Objective 4: Disseminate information on flame angelfish culture
techniques and rearing performance.
This technology transfer objective will be initiated toward the end of the project
with the goal of transferring developed culture technologies to industry.
Objective 5: Optimize culture conditions for zooplankton suitable
as prey for marine ornamental fish larvae.
Due to significant changes in staffing at the Waikiki Aquarium, this portion of the
work plan is now being conducted by OI researchers who will examine the
availability of additional zooplankton diets beyond Parvocalanus copepods to
increase the prospects for successful culture of a greater range of ornamental reef
species.
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This research effort was initiated with the recent screening of zooplankton samples
from multiple local sites including Kaneohe Bay and the Makai Pier for alternate
calanoid copepod species that may be beneficial to culturing flame angelfish and
other coral reef species in the region. In particular, researchers have targeted larger
local calanoids such as Acartia, which may assist in meeting the feeding requirements
of flame angelfish larvae in later stages of development due to poor transition to
more traditional large diets such as Artemia.

FIGURE 2. Photograph of copepod
(Arcatia sp.) recently isolated from
Makai Pier to establish a second,
larger source of copepod nauplii for
later stages in rearing process for
flame angelfish larvae.

Work Planned
Objective 1: Validate husbandry procedures developed for largescale production of flame angelfish eggs.
Each tank of the nearly completed environment-controlled broodstock system will
be provided with a constant supply of reconditioned OI well water following solids
removal, biological filtration, degassing, protein removal through protein skimming,
and either ozonation or UV sterilization for biosecurity. Water chemistry will be
maintained at optimal pH and alkalinity. Tanks will be stocked with one male and
one female flame angelfish provided with identical artificial reef structures to offer
the appropriate environment for spawning behaviors in this species. Fish will be
fed twice daily with a mixed diet also being developed within the Hawaii Sustainable
Fisheries Development project.
Tank effluents will be monitored daily for broodstock reproductive performance
based on fecundity and fertility rates for all spawns. Results will be compiled and
analyzed by two-way analysis of variance between tanks and months of the year.
Data will be presented graphically as arithmetic means and standard errors.
Objective 2: Assess the reproducibility of mass rearing
techniques developed for flame angelfish larvae.
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This part of the project will apply a standard larval rearing protocol on multiple (at
least two) scaled-up production tanks at operating volumes of either 1000 L or
4000 L dependent upon live feed and egg supplies. On each occasion, flame
angelfish eggs from natural spawning stocks (see Objective 1) will be split between
two rearing tanks to obtain a density of 3–5 eggs/L. If necessary, eggs will be
collected on multiple days to provide the necessary stocking density. Fish will be
sampled at seven-day intervals for measurement of weight, length, and growth
rate. Survival will be enumerated at the end of each trial, on day 30 post-hatch.
Arithmetic means of survival and growth rate will be calculated for each rearing
tank to provide information in the variability in performance between replicates
and between runs.
Objective 3: Develop appropriate weaning protocols for juvenile
flame angelfish.
The study will be carried out using a system of fifteen 200-L circular fiberglass
tanks, each equipped with an automatic feeder. Flame angelfish from a single
zooplankton-fed population will be stocked into the experimental rearing tanks on
day 20 post-hatch and assigned at random to the following diet groups (n=3 tank
replicates per group):
1.
2.
3.
4.
5.

Inert diet introduced day 20
Inert diet introduced day 27
Inert diet introduced day 34
Inert diet introduced day 41
Inert diet introduced day 48

For each group, the quantity of live food will be progressively reduced to zero
over a seven-day weaning period, and a known quantity of inert diet (Biokyowa)
offered daily via automatic feeder. A sample of fish will be measured for total
length every seven days for each group, enabling size comparison of weaned versus
unweaned angelfish of the same age. At the end of the experiment (day 35 posthatch), all surviving fish will be counted and samples collected for size measurement.
Fish size and survival data will be presented as arithmetic means, with variation
presented as standard error and coefficient of variation of the mean. Specific growth
rates will be calculated from the size data and compared statistically using oneway analysis of variance (ANOVA). Group survival rates will also be compared
using one-way ANOVA. Statistically significant differences among group means
will be further assessed by means of multiple pair-wise comparisons. A significance
level of p<0.05 will be used in all cases.
Objective 4: Disseminate information on flame angelfish culture
techniques and rearing performance.
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A one-day workshop on flame angelfish culture will be held at OI covering the
state-of-the-art of broodstock management, larviculture, and nursery techniques.
The workshop will open with a presentation by project researchers, covering
information on system configuration and performance data. This will be followed
by a question-and-answer session and tour of rearing facilities. The workshop will
close with a discussion on future R & D requirements and industry prospects for
marine ornamental fish culture, based on progress to date. Recommendations from
the meeting will be forwarded to CTSA, to assist in developing future problem
statements.
Objective 5: Optimize culture conditions for zooplankton suitable
as prey for marine ornamental fish larvae.
Trials will be undertaken to determine optimum zooplankton culture conditions
including culture vessel size and shape, water circulation patterns, optimum stocking
densities, best counting techniques, best harvesting methods and intervals,
maintenance feeding regimes, and enrichment practices for this zooplankton.
Culture trials will commence using methods similar to the proven methods for
existing cultured zooplankton such as rotifers and copepods. Depending on the
results of these initial trials, follow up trials will be conducted trying simplest methods
first in order to create user-friendly cultures. The goal is to develop the easiest,
most efficient culture methods using the least costly equipment for suitability in
“low-tech” fish farms.

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 represents a key economic
opportunity for farmers in Hawaii and Pacific Island affiliates, such as Guam, for
several reasons. Firstly, 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 aquaculture-raised, and that the actual
numbers of cultured fish traded are miniscule compared to those traded by
collectors. This is unlike the situation currently faced by freshwater ornamental
farmers in Hawaii, who compete in markets with well-established foreign and other
domestic producers. Secondly, 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 over 85% of the coral reefs in the United States,
positioning the region well for development of an aquaculture-based industry.
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Success of this project will not only provide new economic opportunity to farmers,
but will also help ensure the long-term sustainability of the marine ornamental trade
by providing alternatives to wild collection practices and a means to practice resource
conservation.

Publications in Print, Manuscripts, and
Papers Presented
None to date.
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Reproduction and Selective
Breeding of the Pacific
Threadfin
General Information
Reporting Period

June 1, 2002–September 30, 2004

Funding Level

$100,000

Participants

Charles W. Laidley, Ph.D.
The Oceanic Institute
Robin J. Shields, Ph.D.
The Oceanic Institute

Objectives
1. Complete methods development for pair spawning of Pacific threadfin for
application to the genetic selection efforts.
2. Establish and maintain domesticated and selected Pacific threadfin broodstock
lines.
3. Conduct controlled spawning of select broodstock lines to generate select
seedstock for growth performance evaluation.
4. Complete life cycle of growth-selected and control lines of Pacific threadfin
and determine direct effects of selection on growth performance and indirect
effects on survival, reproductive development, and generation time.
5. Gain estimate of heritability for growth and indirect effects on survival, dressing
percentage, and reproduction in Pacific threadfin.
6. Initiate research on water reuse technology to protect selected broodstock
lines from pathogen exposure and to decrease on-site water consumption.
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Anticipated Benefits
Available estimates of heritable improvements in fish growth performance through
genetic selection typically range from 10 to 23% per generation of selection amongst
species examined to date. It is not unusual for these programs to require external
support during early years due to the inherent time lags between program initiation
and delivery of improved seedstock to farmers. However, the potential benefits to
commercial aquaculture production in terms of improved growth and reduced
production costs are significant. Most costs, with the exception of feeds, are tied
to rates of production or growth. Thus the anticipated improvements in growth
performance (i.e., 10 to 23% per round of selection) will reduce time to market on
the order of 18 to 43 days and yield overall gains in farm profitability in the range
of 6.5 to 15%. Based on modest gains in the range of 15% per generation of
selection, the resulting improvement in industry efficiency would lead to increased
profits of over $100,000 based on farm gates of approximately $1 million. These
benefits will be further enhanced with industry expansion and with further rounds
of selection.

Work Progress and Principal Accomplishments
Objective 1: Complete methods development for pair spawning
of Pacific threadfin for application to the genetic selection efforts.
Strip-spawning Pacific
threadfin in pairs or
small groups proved to
be difficult, and therefore, eggs were obtained from larger
group spawns.

The first objective was to examine methods of spawning Pacific threadfin
broodstock in pairs or small groups to gain more control over the parental input to
genetic lines, as opposed to current methods based on group spawning in larger
broodstock tanks. During this project, we completed three experiments including
(1) the use of luteinizing hormone-releasing hormone analog (LHRHa) implants to
tank-spawn groups of 2, 4, or 8 broodstock, (2) the use of human chorionic
gonadotropin (hCG) to induce tank spawning of paired broodstock, and
experiments (3) and (4) in which hCG was used to induce final maturation and
ovulation in conjunction with strip-spawning of females and artificial fertilization of
eggs. Both hCG and LHRHa were successful in inducing egg-release from induced
females, but spawns were not fertile. Experiments using hCG to strip-spawn females
allowed the delineation of the time course for final oocyte maturation, but none of
the females (total 10 tested) successfully ovulated, precluding completion of the
strip-spawning protocol.
The high sensitivity of this species to stressors associated with the handling and
manipulations necessary for strip-spawning procedures places too high a risk on
valuable broodstock. Therefore, we have reverted to the original protocol of
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obtaining eggs from larger group-spawns to ensure a supply of viable eggs and
secure valuable lines of broodstock.
Objective 2: Establish and maintain domesticated and selected
Pacific threadfin broodstock lines.
Growth-selected
broodstock began
spawning sporadically
in May 2003, and the
control broodstock
followed in September.
Both produced fertile
spawns in July 2004.

Control and fast-growth fish were selected in August 2001 from a post-grow-out
population of 604 fish at approximately six months of age at a mean weight/length
of 358 g/25.6 cm. From this population, a 50-animal control group with mean
weight/length of 378 g/25.6 cm and a 50-fish “select” group with mean weight/
length of 516 g/28.9 cm were established (Table 1).
TABLE 1. Surv iv al, growt h and reproduct iv e dev elopment of cont rol and
select parent al st ock s of Pacif ic t hreadf in. Indiv idual f ish (ident if ied by
Passiv e Int egrat ed Transponder [ PIT] t ags) were weighed, measured, and
s e x e d a t a p p ro x im a t e ly 6 , 1 2 , a n d 1 6 m o n t h s o f a g e . Re p ro d u c t iv e
mat urat ion is represent ed as t he rat io of reproduct iv ely immat ure (I), male
(M), and f emale (F) f ish in each group.
Age

Date

Survival

Weight

Length

Reprod. Matur.

(g)

(cm)

(I: M: F)

(mon.)
control

select

control

select

control

select

control

select

6

Aug 01

100%

100%

377

516

25.6

28.9

50:0:0

50:0:0

11

Ja n 0 2

94%

100%

686

896

30.9

34.2

37:10:0

9:41:0

16

Jun 02

94%

98%

730

980

32.4

35.9

12:22:13

0:12:35

31

S ep 03

94%

84%

947

1173

35.6

38.2

11:22:14

1:10:31

January 2002 maturation checks (11 months of age) revealed that in addition to
maintaining significant size difference between groups (31%), 10 out of 47 control
animals had reached the male stage of sexual maturity (Pacific threadfin are
protandrous hermaphrodites), whereas 41 out of 50 growth-selected animals had
entered the male phase of sexual maturation.
June maturation checks of these same stocks again revealed a significant size
difference (34%) and the appearance of the first female animals. Interestingly, the
majority of the select group has rapidly proceeded to the female stage of
development with 12 males and 35 females while the control group was slower to
develop reproductively with 12 fish remaining immature, 22 as males, and 13
advancing to the female stage.
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By fall 2003, the growth-selected broodstock continued to maintain a distinct size
advantage (24%) and a higher proportion of females than seen in control stocks.
This data also suggests that size, rather than environmental or behavioral conditions
appear to be more important in determining the timing of sexual development and
sex change in captive stocks of Pacific threadfin.
The growth-selected group initiated monthly spawning activity in May 2003 (27
months of age), and the control group began sporadic spawning in September.
Typical of first-spawning fish, spawning activity is highly sporadic, and fertility
rates are quite low (<15%), impairing hatchery stocking. Multiple attempts were
made in early 2004 to stimulate spawning activity through LHRHa implants, but
spawns remained small and mostly infertile. In July 2004, both populations produced
fertile spawns allowing hatchery stocking for the final phase of the project.
Objective 3: Conduct controlled spawning of select broodstock
lines to generate select seedstock for growth performance
evaluation.
The July 2004 spawns
from the growthselected and control
broodstock generated
the seedstock needed
for the growth performance evaluations.

The original work plan projected a one-year period for growth to sexual maturity
and initiation of spawning. However, data obtained from this project suggests that
portions of the Pacific threadfin broodstock population reach the female stage of
development between 11 and 16 months of age, and only initiate spawning at
around 2.5 years. Due to uncontrollable delays in broodstock spawning, a nocost extension was granted to allow sufficient time for spawning and completion of
the grow-out phases of the project.
In July 2004, both the domesticated control and growth-selected broodstock
populations spawned, generating seedstock for growth performance evaluations.
Although spawns were still small and of low fertility, they did generate sufficient
numbers of fertile eggs to stock 1,000-L larval rearing tanks. Simultaneously, eggs
from wild-collected broodstock were stocked in the production hatchery for use
as a production control seedstock line. Larvae from all three lines were successfully
reared using standard Pacific threadfin hatchery procedures, yielding 722 fingerlings
from wild-collected broodstock (production controls), 716 fingerlings from control
“non-selected” domesticated broodstock (domesticated controls), and 1,030
fingerlings from the growth-selected broodstock. An unexpected finding was that
both domesticated lines, and in particular the growth-selected line, had lower rates
of opercular deformities than fingerlings generated from wild-collected broodstock
currently used for large-scale fingerling production in support of the offshore cage
industry (Figure 1).
Objective 4: Complete life cycle of growth-selected and control
lines of Pacific threadfin and determine direct effects of selection
on growth performance, and indirect effects on survival,
reproductive development, and generation time
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FIGURE 1. Opercular deformity rates of fingerlings generated from domesticated control and growth-selected Pacific threadfin broodstock in comparison to that seen in fingerlings generated from wild-collected broodstock currently used for large-scale fingerling production at the OI Production Hatchery (n=25).
Groups of approximately 1,000 fingerlings derived from wild-collected broodstock
(production controls), domesticated broodstock (domesticated controls), and
growth-selected broodstock were stocked in 25-m3 grow-out tanks and provided
feed (Moore Clark Marine Grower Diet) to near-satiation levels using belt feeders
throughout daylight hours. Samples of 50 fish are being weighed and measured
once monthly to track growth and development. At three months of age when
most juveniles had reached sufficient size (>10 cm) to survive the stressors
associated with tagging, approximately 700 to 800 from each group were triple
tagged, once with coded wire tags for specific identification and twice with visible
elastomer implants (Figure 2) in the adipose tissue behind each eye for easy external
identification. Note that juveniles less than 10 cm in length, known as runts, generally
do not survive the tagging process and were culled from the populations.
Interestingly, about 10% of the production and domesticated controls were runts
while less than 1% of the growth-selected juveniles were runts.
Fish were then placed in a single 25-m3 grow-out tank and will be split next month
into two replicated 25-m3 tanks with evenly mixed fish from each of the three
treatment groups for subsequent growout of juvenile to market size. Fish will
continue to be sampled monthly to track growth and reproductive development.
Currently data have been collected up to three months of age just prior to tagging
and stocking for the final grow-out phase (Figure 3). At present both the control
and growth-selected lines are about 25% larger than fingerlings derived from wildcollected broodstock under large-scale fingerling production for the offshore cage
industry. Note that although the growth-selected line left the hatchery at slightly
lower sizes (length and weight) than controls, they have now caught up and slightly
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FIGURE 2. Photographs of the fingerling tagging process. The top left panel
shows technical staff at OI in the process of tagging over 2,000 Pacific
threadfin fingerlings for the CTSA-funded selective breeding project. Technical staff began the process by lightly anaesthetizing fingerlings and implanting individual coded wire tags (top right panel). The fish were then implanted
with a highly visible fluorescent elastomer in the adipose tissue behind the
eye, marking the treatment groups: green for production controls, red for
domesticated controls, and yellow for growth-selected (see lower left panel).
The bottom right panel shows fingerlings swimming in the recovery tanks
immediately following implantation.
surpassed (not significant) the domesticated control group. The next three months
will determine if selection for growth is translated into significantly improved growth
performance to market size.
Objective 5: Gain estimate of heritability for growth and indirect
effects on survival, dressing percentage, and reproduction in
Pacific threadfin.
This portion of the project is scheduled post-grow-out and will be initiated
subsequent to completion of the grow-out phase of control and select lines in
approximately three months.
Objective 6: Preliminary evaluation of water reuse systems for
maintaining Pacific threadfin broodstock.
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FIGURE 3. Changes in body weight of production, domesticated, and growthselected Pacific threadfin fingerlings through the first three months. Fish
were sampled at day 25 upon harvest from hatchery to nursery I, at day 37
upon transfer from nursery I to nursery II, at day 58 upon transfer from
nursery II to 25-m3 outdoor grow-out tanks, and at day 92 during the tagging process. Fish will continue to be tracked until market size (about one
pound) at around six to eight months of age.
A low-cost water reuse system to maintain moi broodstock was installed in July
2004. The purpose of the system is to decrease water usage using various lowcost filters to maintain water quality. In addition to advantages in resource conservation, recirculation systems also can help mitigate against gas super-saturation
and the high dissolved CO2 levels / low pH levels (~pH 7.5) characteristic of
water derived from saltwater wells typical of the Pacific Islands. A lower flow of
water into the tank would result in a longer residence time, thus helping degas
some of the CO2 and increase pH.
To evaluate system performance, the system was tested under a series of operational conditions for a period of at least four days that included:
1) 120 L/min, reuse system on
2) 90 L/min, reuse system on
3) 60 L/min, reuse system on
4) 90 L/min, reuse system off
There was no correlation among flow rates with the reuse system on or off in terms
of pH (7.37 to 7.77), temperature (26.74 to 27.46), or salinity (33.03 to 33.15).
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FIGURE 4. Ammonia concentrations (mg/L) of water from a moi broodstock
tank outfitted with a low-cost water reuse system.

FIGURE 5. Total gas pressure (% saturation) of water from a moi broodstock
tank with water flow ranging from 45–120 L/min.
Ammonia was negatively correlated (non-significant) to flow, although ammonia
concentrations did not exceed 0.20 ppm (Figure 4). Total gas pressure was positively correlated with flow rate (r2 = 0.61) (Figure 5), although comparisons could
not be made between system on and system off due to malfunction of the gas
saturometer during the experiment.
In summary, it appears that the low-cost (~$5,000) water reuse system installed
for maintaining moi broodstock (approximately ninety 2- to 3-kg fish) did reduce
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required water use by about 50% before detrimentally affecting fish behavior and
food consumption, but the additional system did not improve or alleviate gas saturation or low water pH. Based on these results we would suggest the need for
more powerful recirculation equipment with special emphasis on equipment designed to degas water to lower total gas saturation, lower dissolved CO2, and
increase system pH.

Work Planned
1. Continue to maintain Pacific threadfin broodstock lines.
2. Complete juvenile grow-out to determine direct effects of selection on growth
performance and indirect effects on survival. Longer-term examination of
reproductive development and generation time may not be possible without
long-term grant extension due to the much longer than expected (3+ years vs.
1 year) generation time for the species.
4. Gain estimate of heritability for growth and indirect effects on survival and
dressing percentage.
5. Provide final project report to CTSA and publish findings in CTSA Regional
Notes.

Impacts
The aquaculture development of the Pacific threadfin is gaining substantial
momentum in Hawaii with the appearance of captive farmed product in local
restaurants and retail markets and sales to both mainland and international markets.
Recent adoption of cage culture technologies based on the joint OI/SeaGrant
Hawaii Offshore Aquaculture Research Project (HOARP) has further intensified
production capability in the sector. CTSA-funded research has provided the
cornerstone for this growing industry to date, and expected developments under
current project funding will further assist in securing requisite fingerling supplies to
meet the needs of both onshore and offshore production. Current efforts to enhance
aquaculture performance through genetic selection will provide new opportunities
to increase industry efficiency through improved growth, reduced generation time,
and greater resistance to stress and disease.
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Publications in Print, Manuscripts, and
Papers Presented
Laidley, C.W. 2004. Marine finfish culture technology at the Oceanic Institute.
Page 325 in Aquaculture 2004: Book of Abstracts. March 2–5, 2004, Honolulu, Hawaii. World Aquaculture Society, Baton Rouge, Louisiana, USA.
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Aquaculture of Hawaiian Marine
Invertebrates for the Marine
Ornamental Trade, Years 1 and 2
General Information
Reporting Period

October 1, 2002–March 31, 2004 (Year 1, final report)
October 1, 2003–September 30, 2004 (Year 2, final report)

Funding Level

Year
1
2

Amount
$55,000
$35,000

TOTAL

$90,000

Participants
Years 1 and 2

Clyde Tamaru, Ph.D., Extension Specialist
Sea Grant Extension Service
David Bybee, Graduate Student
University of Hawaii at Manoa
Julie Bailey-Brock, Ph.D., Professor
University of Hawaii at Manoa
Tom Ogawa, Research Assistant
The Oceanic Institute
David Ziemann, Ph.D., Technical Director
Fisheries and Environmental Science, The Oceanic Institute
Ethan Morgan, Research Technician
The Oceanic Institute
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Year 1 only

Anthony Montgomery, Research Assistant
The Oceanic Institute
Shaun Moss, Ph.D., Director of Shrimp Technology
The Oceanic Institute
Jennifer Hix, Research Technician
The Oceanic Institute

Objectives
Year 1
Feather Duster Worm
1. Determine the appropriate feed and feeding regimen to result in captive spawning
of collected broodstock.
2. Document larval development stages and determine time to settling.
3. Facilitate larval settlement and determine settlement preferences on different
substrates.
4. Determine growth time of settled worms to market size.
5. Summarize results in technical bulletins, newsletter articles, and where
appropriate, manuscripts to be submitted to peer-reviewed journals for
publication.
Soft Coral
1. Determine the appropriate type of substrate and water motion for culturing
each target species. Also, determine any interaction effect from the two
variables.
2. Document baseline growth rates for each of the target species.
3. Determine other critical variables that may contribute to optimal growth. This
determination will be based on observations and experiences during the course
of the first year.
4. Determine preliminary marketability and crude economic feasibility information
for the target species.
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5. Develop, in theory, a larger-scale prototype system that would incorporate
the optimal conditions and growth information obtained during Year 1 and
would also include any marketing information.
Year 2
Feather Duster Worm
Develop and transfer culture techniques for Hawaiian marine invertebrates to
promote economic opportunities without dependence on wild-caught specimens.
1. Determine the feeding requirements for broodstock maturation.
2. Determine methods for the artificial spawning of feather duster worms.
3. Validate grow-out phase in natural and artificial systems.
4. Determine estimated costs for the settled feather dusters to attain market size.
5. Summarize and disseminate the resulting information in journal articles,
newsletter articles, and workshops.

Principal Accomplishments
Year 1
Feather Duster Worm
Objective 1: Determine the appropriate feed and feeding regimen
to result in captive spawning of collected broodstock.
This objective was switched with the
induction-of-spawning activities, which
is part of the Year 2 project activities.
In its place are the results of the
induction-of-spawning trials. The
feeding regimen work will be reported
under the Year 2 project.
Project staff successfully induced spawning
in feather duster
worms.

Spawning trials were conducted in
October 2002 in four 15-gallon
aquaria, and 20 feather duster worms
were placed in each tank. The feather FIGURE 1. Sabellastarte spectabilis
duster worms were collected from the
waters surrounding the Hawaii Institute for Marine Biology (HIMB). Each tank
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was equipped with a continuous flow of seawater and a single airstone. To induce
spawning, five individuals per treatment tank were ablated at the base where the
coelomic contents could be viewed under a compound microscope. The intent
was to ensure that there were both males and females and not to set a particular
sex ratio. The ablated worms were placed in their respective tanks. Control tanks
also consisted of the same number of worms, but the only difference was that the
five worms were handled but not ablated before being placed back into their
respective tanks. Three days after the ablation, the feather duster worms in Treatment
tanks 1 and 2 were observed to be spewing gametes. It was observed that not
only were the ablated worms spawning, but those that were not ablated as well.
The entire experiment was repeated in November 2002, and the same results
were obtained. In both trials, larvae were examined under a compound microscope
to obtain the developmental series.
Additional spawning trials were conducted testing a variety of other spawning
techniques (e.g., temperature and KCL injections). Four aquaria were stocked
with ten mature worms. Heaters were placed in two of the four tanks. Temperature
was increased in the two aquaria to 29°C for a period of 48 hours. Water in the
control tanks was maintained at ambient conditions (approximately 24° C). After
48 hours, no spawning had occurred in any of the four tanks. The experiment was
replicated a second time during which water in one of the heated tanks was found
to contain very low levels of sperm, but no eggs. A third trial did not result in any
spawning activity. A similar experiment was conducted to test the effect of decreasing
instead of increasing water temperatures. Water in two of the four tanks was cooled
to approximately 18°C. No spawning was observed with this treatment as well.
Lastly, following the procedures used to spawn sea urchins (0.5 ml 0.55 M
potassium chloride injections) were also attempted. All worms subjected to this
treatment died during the process. To date, the only successful means of spawning
the feather duster worm in captivity is the ablation technique.
Initial activities at the Oceanic Institute (OI) revolved around the hiring of two
technicians (Ethan Morgan and Jennifer Hix). Two hundred fifty feather duster
worms were purchased from a local collector. The worms came from Dave
Reinhardt and were collected in Kaneohe Bay. All animals were quarantined outside
OI’s campus in order to determine whether any of the worms harbored any penaid
shrimp pathogens. The majority of the work involved construction of 15 feather
duster tanks. Each feather duster tank consisted of a 75-L plastic container, 6-L
egg collector, seawater supply, air supply, and shrimp pond water supply. Each
tank was stocked with 15 broodstock-size feather duster worms, and the experiment
began in earnest in January 2003. Three tanks received 100% shrimp pond effluent,
another three tanks received 50%, and the remaining tanks received 25% pond
effluent. Measuring growth was problematic. Survival, however, was clearly
impacted by the amount of pond effluent. The tanks that received the 100% pond
effluent suffered the highest mortalities and required constant tank maintenance
due to the sludge build-up that pond effluent brought. Growth was barely detectable
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in all of the treatments, and it is suspected that the amount of organic material in the
shrimp pond effluent is too high for the culture of the feather duster worm. No
spawning was detected in any of the treatments.
Objective 2: Document larval development stages and determine
time to settling.
Larval development
stages were documented. It was observed that larvae
settled within 7-8 days.

The successful induction-of-spawning trials conducted at HIMB provided the
opportunity to document the early life history of the feather duster worm. First
cleavage was detected within 30 minutes after spawning at 26°C. Development
was rapid, with hatching occurring with seven hours after spawning. Development
of the free-swimming larvae progressed over the course of a week, and within 7–
8 days, the larvae settled to the
bottom of the tank at which time
the distinctive cetae were present.
Elongation of the anterior portion
of the body with the characteristic
“feather” began soon after settling
of the larvae. Photographs were
taken to document the various
stages. The induced spawning and
developmental stages of the
feather duster worm were
FIGURE 2. Larval stages of the fan worm summarized in three presentations
Sabellastarte spectabilis.
given by David Bybee.
Objective 3: Facilitate larval settlement and determine settlement
preferences on different substrates.

Larval settlement
investigations were
hampered by predation.

Three different settling devices were constructed. Essentially, a 1-meter square
was constructed out of 1-inch PCV piping, and nylon netting, black plastic netting,
or concrete devices was stretched across it. These were placed at strategic locations
around HIMB and were monitored bimonthly. After almost one year of deployment,
no settling of feather duster worms was observed, despite their being placed in
areas where the density of feather duster worms exceeds ten individuals per square
meter. The level of predation on these worms is apparently extremely high, and a
new device will need to be constructed. Alternatively, with the availability of feather
duster larvae, the investigations may be a focal point to be worked on in the
laboratory rather than out on the reef flats.
Objective 4: Determine growth time of settled worms to market
size.
In October 2002, young feather duster worms (e.g., 1 mm in tube diameter) were
obtained in waters surrounding HIMB. Approximately five individuals were placed
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into 15-gallon aquaria that received a continuous supply of seawater from Kaneohe
Bay. There were four tanks in total that were set up for this trial. Over the course
of the next three months, two of the aquaria received 1 L of Chaetoceros, which
was cultured in the same fashion as used by shrimp hatcheries. Once each month,
the tube diameters of the worms from all tanks were measured, and these were
plotted against the length of time the worms were in the tank. The data clearly
show that the fed group grew significantly faster than the ones that received only
water directly from Kaneohe Bay. Apparently, feather duster worms can only
utilize phytoplankton in their diet. The finding that the group fed only Kaneohe Bay
seawater also grew during the same time period indicates that the minimum amount
of food required to sustain feather duster worms is not very great.
It was projected that it
would take one year
for settled worms to
reach market size.

Using the growth data from the worms that were being fed, a regression analysis
yielded a statistical model that summarized the rate of growth. The model:
Y=(0.039)*Days, r squared = 0.72, P<0.001 can be used to estimate the amount
of time that will result in an adult feather duster worm that has an average tube
diameter of 10 mm. Substituting 10 mm for Y and solving for Days, we obtain 200
Days, which is the estimated time interval it would take a feather duster worm to
reach a market size of a 10-mm tube diameter. The data indicate that the feather
duster worms in culture (e.g., provided live food) grow at a rate at which they can
be harvested within a year.
Objective 5: Summarize results in technical bulletins, newsletter
articles, and where appropriate, manuscripts to be submitted to
peer-reviewed journals for publication.
Results of the larval development and feeding trials are being summarized in partial
fulfillment of a Ph.D. dissertation by David Bybee. He is a graduate student in
good standing in the University of Hawaii at Manoa’s Department of Zoology.
While no written manuals have been prepared, several presentations have been
given locally and at international conferences.
Soft Coral
Objective 1: Determine the appropriate type of substrate and water
motion for culturing each target species. Also, determine any
interaction effect from the two variables.
The soft corals, like the feather duster worms, underwent an intensive quarantine
process. After the quarantine process was completed, corals were placed in tanks
that consisted of a 2,000-L oval raceway with seawater and air supply. Each coral
tank had a different type of water motion. Tank 1 had a periodic surge motion
created by two 110-L Carlson Surge Devices. Tank 2 had a semi-laminar flow
created by two spray-bars at each end that could be angled to adjust the water
velocity (note: the velocity of water was not monitored). Tank 3 had a static water
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motion with the same turnover rate as the other two tanks. This was created by
two spray-bars spread out evenly over the entire raceway. The only change in the
experimental design was a change in the regime and type of substrates tested for
the corals. The new regimes were as follows:
Species
Protopalythoa sp.
Zoanthus pacifica
Zoanthus morgan

Substrate 1
Gravel
Gravel
Gravel

Substrate 2
Coral chips
Coral chips
Coral chips

Substrate 3
Gravel mixed with sand
Lava chips (cinder)
Lava chips (cinder)

The substrates chosen were based on two different criteria. The first was the
availability of the substrate, keeping in mind what is available and affordable for
the commercial farmer. The second was growth patterns from the wild. For example,
Protopalythoa sp. is found attached to rocks under the substrate (typically sand).
The sand/substrate interface may be important to the asexual reproduction of this
coral. This question will be answered with this experimental protocol.
With the completion of all construction, the animals were stocked into all
experimental units. Each coral tank consisted of 90 individually labeled trays. Each
species was tested with three substrates and ten replicates. The Protopalythoa
trays had 3–5 polyps, while the Zoanthus species had 10–30 polyps due to their
smaller size. One important note was that Anthelia edmondsoni was not stocked
into the experiment because not enough polyps were collected in time for the
quarantine process. So, this species took a much smaller role in the project than
originally proposed. However, as polyps were collected, they were integrated into
the experiment.
Zoanthus sp.
grew remarkably faster
than the other two
species under all of the
conditions.

The experimental period extended between January 2003 and the end of April
2003. Interspecific variation as to the substrate and water motion conditions that
would result in optimal growth could be detected. However, one species, Zoanthus
sp. produced more polyps than the other species under any of the conditions
tested. This result overshadowed the differences observed for a particular species.
Growth for both Protopalythoa sp. and Z. pacifica may be inhibited by intense
sunlight exposure, or these species may require an additional source of food besides
light energy. Improvement in growth for both these species clearly requires further
investigation and goes beyond the scope of this project.
Objective 2: Document baseline growth rates for each of the target
species.
Four months of data have been obtained. As mentioned previously, one clear
result is that Zoanthus sp. clearly grew at a remarkable rate of approximately 20
polyps per month under all conditions and had reached a plateau by the end of the
growth trial. The slowing of growth is attributed to the lack of space for additional
polyps to grow because it had overgrown the test baskets.
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Objective 3: Determine other critical variables that may contribute
to optimal growth. This determination will be based on
observations and experiences during the course of the first year.
Because this portion of the project will not continue into Year 2, the growth
experiment was terminated in April. During that time, the growth experiment became
a grow-out trial where the polyps of Z. morgan were pooled and placed on lava
cinders to conduct a mass grow-out. There were at least 10,000 polyps of Z.
morgan that were ready to be shipped to Ocean Rider, Inc. in Kailua-Kona.
Objective 4: Determine preliminary marketability and crude
economic feasibility information for the target species.
Soft coral colonies were to be shipped to Ocean Rider, Inc., located in KailuaKona. They had agreed to take on the test marketing of the soft coral produced
under the auspices of this project. A problem developed that has prevented the
interisland shipping of the cultured soft corals from Oahu to Kona. Under the
scientific collecting permit conditions, which the original stock of soft corals were
collected, that original stock cannot be sold. There is a grey area as to whether the
cultured soft corals are still part of the original stock because they reproduce
asexually and are essentially a massive clone from the original stock. Likewise, the
Division of Aquatic Resources biologist (Dave Gulko) that has raised these issues
also indicated that the species of the coral that has been in culture at OI needs to
be clarified. In short, although there is sufficient biomass to start test marketing the
cultured product, there are some bureaucratic issues that remain to be resolved for
this activity to reach its full potential.
Objective 5: Develop, in theory, a larger-scale prototype system
that would incorporate the optimal conditions and growth
information obtained during Year 1 and would also include any
marketing information.
Year 2 activities for this component were not supported by CTSA, and consequently,
this objective was dropped from the project’s work plan. The bulk of the activity
will have to be developed by Ocean Rider, Inc.
Year 2
Feather Duster Worm
Objective 1: Determine the feeding requirements for broodstock
maturation.
At OI, three different potential food types (Nannochloropsis, Chaetoceros, and
pond water) were tested at three different volumes (10, 100, and 1,000 ml). Three
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replicate tanks (ca. 75 L each) per treatment volume for each food type tested
were stocked with four wild-collected animals. Animals in control tanks were given
the treatment volumes using clean seawater. A total of 36 tanks were maintained
for each treatment period. Egg barriers were installed in each tank to capture any
spawns that may have occurred during the treatment period. The barrier was a
plastic frame covered on one side with 100-micron Nytex screen. The barrier was
placed across the width of the tank in front of the drain a few centimeters above
the water to approximately 15 cm in depth. Flow rate for each tank was maintained
at approximately 1 L/min.
All animals were treated daily for two months after which two from each tank
were sacrificed for analysis (six animals total per treatment). Each worm was
removed from the test, and the crown was discarded. The animal was patted dry
on a paper towel, and the wet weight (grams) was recorded. An incision was
made, and the coelomic contents were then extracted using a pipette and placed
on a microscope slide for inspection under a compound microscope. The presence
of any gametes was then recorded according to a density scale: 0 = no gametes, 1
= <100/ml, 2 = 1,000/ml, 3 = 10,000/ml and 4 = >100,000/ml. Densities were
estimated using a haemocytometer.
Results: No significant differences were detected among the wet weights of worms
used in the study (one-way ANOVA, P>0.05). None of the worms (excluding
untreated wild animals) had spawned during treatment or demonstrated advanced
stages of egg development. The animals appear to be hermaphroditic, though smaller
individuals (ca. <1g) tended to produce sperm, and larger individuals (ca. >1.5g)
tended to produce eggs.
Objective 2: Determine methods for the artificial spawning of
feather duster worms.
To date, the ablation
technique is the only
successful method for
the artificial spawning
of feather duster
worms.

Spawning trials using wild-caught worms were conducted at HIMB. Investigations
to determine the extent of the natural spawning season are also ongoing, and
preliminary evidence indicates that the feather duster worm has a discrete spawning
season that occurs during the months of October through January.
The entire experiment was repeated during the fall of 2003 with similar results with
the exception that spawning was more varied, occurring between three and four
days after ablation. In summary, spawning success occurs in about 80% of the
trials using the ablation technique. Other trials (e.g., temperature shock, lighting,
and salinity) were also conducted but did not yield any spawning results. The
ablation technique remains as the only reported means of inducing the feather
duster worms to spawn.
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Objective 3: Validate grow-out phase in natural and artificial
systems.
A focused effort was conducted on the culture of the feather duster worm under
artificial conditions. These experiments were conducted at HIMB.

Preliminary results indicate that feather duster
worms do not grow well
on a diet of artificial or
preserved feeds.

Artificial and preserved feeds: One experiment focused on the use of various
feed types and their impact on growth in feather duster worms. The experiment
was conducted in twelve aquaria (57 L a piece) that were stocked with six small
(mean tube diameter of 4 mm) worms each. An additional tank of the same size
served as a control and was stocked with 18 small worms. Treatment 1 (tanks 1–
3) received Nannochloropsis oculata (Reed Mariculture, San Diego, California)
provided once a day at a density of 100,000 cells/ml. Treatment 2 (tanks 4–6)
received a mixture of N. oculata and rotifers consisting of a density of 50,000
cells/ml and 5 rotifers/ml. Treatment 3 (tanks 7–8) consisted of rotifers stocked at
10 rotifers/ml. Treatment 4 (tanks 9–12) was a prepared diet (RotiMac, Aquafauna
BioMarine, California), which was provided at a rate of 2.5 g/L/day. The control
tank received unfiltered seawater from Kaneohe Bay pumped through the HIMB
flow-through water system. All tanks were periodically flushed with filtered seawater
for water quality maintenance. Tube diameter measurements were taken regularly
as an indicator of growth. All treatments suffered mortalities, and minimal growth
was observed in all treatments. Highest mortality was seen in treatments 1 and 2,
both of which used the preserved N. oculata. The lowest mortality was seen in
treatment 3 (rotifers only). Mortality was exceedingly high in treatment 4 (Rotimac).
Preliminary conclusions are that Sabellastarte spectabilis does not do well on
artificial or preserved feeds as the results are in striking contrast to that obtained
during the previous project activities. In those trials, live algae (Chaetoceros sp.)
was used as the food source resulting in growth rates that were twice that of nonfiltered Kaneohe Bay seawater.
Settlement conditions: An important step in the artificial propagation of the species
is defining the appropriate conditions for settlement of the spawned larvae.
Settlement trials were conducted at HIMB and began soon after spawning was
observed. Larvae were pipetted from spawning tanks and placed in separate aquaria
at a density of approximately 15/ml. Each aquarium was filled with filtered seawater,
one half of which was exchanged every other day. Larvae were monitored for
developmental change for approximately one week after which many individuals
settled and began to metamorphose. Although mortality occurred throughout the
week while larvae were in the water column, it increased soon after settlement and
metamorphosis. Just before settlement, several substrates were placed in each
tank (black plastic mesh, nylon mesh, clear fiberglass, dark fiberglass, oyster shells,
coral rubble, concrete blocks, Styrofoam cubes, and air stones). All settlement
materials were soaked in seawater for five days prior to use in order to obtain the
necessary biofilms. Only three individuals were observed to settle, metamorphose,
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and begin to grow successfully. All three were found on the same air stone. The
high larval mortality observed is probably due to a water quality issue. Marine
invertebrate larvae are extremely sensitive to any impurity in the water. Individuals
who have successfully raised polychaete larvae in the lab have used highly purified
seawater.
Objective 4: Determine estimated costs for the settled feather
dusters to attain market size.
Work on this objective is being deferred to Year 3 of the project because of the
inconsistent results obtained during the settling phase of the culture process. From
the results obtained to date, however, the production costs appear to be low
because the worms are highly fecund, filter feeders, and at present, can utilize live
phytoplankton alone as a feed under artificial conditions. There will be a need to
protect the worms during the nursery and grow-out phases of the culture process.
However, the challenges do not seem to be insurmountable.
Objective 5: Summarize and disseminate the resulting information
in journal articles, newsletter articles, and workshops.
Two oral presentations, one poster presentation, and one manuscript were produced
and submitted.

Impacts
Progress to date indicates that at least the feather duster worm and one species of
soft coral can be developed for the marine ornamental trade. This will undoubtedly
add to the inventory of enterprises engaged in the production of marine ornamentals.
There are clearly some technical issues that remain to be resolved for the feather
duster worm, and this is not the case with at least one soft coral species. For the
soft coral, a non-technical constraint has emerged as an impediment and will need
to be addressed before the full impact of the current project’s work can be assessed.
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Publications in Print, Manuscripts, and
Papers Presented
Year 1
Presentations
Bybee, D. 2003. Reproduction of the sabellid polychaete Sabellastarte spectabilis
in Kaneohe Bay, Oahu, Hawaii. Albert Tester Student Symposium. April
16–17, 2003, Department of Zoology, University of Hawaii at Manoa.
Bybee, D.R., J.H.Bailey-Brock, and C.S. Tamaru. 2003. Observations on the
spawning of the fan worm, Sabellastarte spectabilis, in Hawaii. Fifth
Annual Hawaii Aquaculture Conference. May 11, 2003, Windward
Community College, Kaneohe, Hawaii.
Bybee, D.R., J.H.Bailey-Brock, and C.S. Tamaru. 2003. Observations on the
spawning of the fan worm, Sabellastarte spectabilis, in Hawaii. Page
132 in World Aquaculture 2003 Book of Abstracts. May 19–23, 2003,
Salvador, Brazil.
Bybee, D.R., J.H. Bailey-Brock, and C.S. Tamaru. 2004. Gamete maturation
and feeding in the fan worm, Sabellastarte spectabilis, in Kaneohe Bay
Hawaii, USA. Page 27 in Marine Ornamentals ‘04 Book of Abstracts.
March 1–4, 2004, Honolulu, Hawaii, USA.
Morgan, E., A.D. Montgomery, T. Ogawa, C.S. Tamaru, and D. Ziemann. 2004.
The effect of water motion and substrate on growth of three species of
zoanthids in Hawaii. Page 76 in Marine Ornamentals ‘04 Book of
Abstracts. March 1–4, 2004, Honolulu, Hawaii, USA.
Year 2
Presentation
Bybee, D.R. 2004. Spawning periodicity and gametogenesis of the fan worm,
Sabellastarte spectabilis, in Kaneohe Bay, Hawaii, USA. Page 38 in
Eighth International Polychaete Conference Book of Abstracts. July 5–9,
2004, Madrid, Spain.
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Pacific Threadfin Fingerling
Transport Technology Development, Year 1

General Information
Reporting Period

January 1, 2004–September 30, 2004

Funding Level

Year
1

Participants

Charles W. Laidley, Ph.D.
The Oceanic Institute (OI)

Amount
$35,000

J. Randy Cates
Cates International, Inc.

Objectives
The goal of this project is to develop a reliable and cost-effective protocol for
handling and transport of Pacific threadfin 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 the location of commercial grow-out (both onshore and offshore) operations.
This project is a component of a long-term effort by the Oceanic Institute (OI) to
establish commercial production technologies for marine food fish aquaculture and
transfer these technologies to local industry in Hawaii and the Pacific region.
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1. Compare standard bucket transfer versus the gravity-feed method for moving
fingerlings from nursery to transport tanks.
2. Set up 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 effects of adjusting water temperature, salinity, and use of anesthetics
during handling for purpose of increasing maximal transport density.

Anticipated Benefits
This project is anticipated to benefit all of the commercial marine finfish operations,
allowing maximization of available facilities for fish movement and providing
operators critical insights into the most likely concerns for operational success.
Scaled-up hatchery and grow-out 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. However, overstocking 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. It
is therefore important that the physiological tolerance limits to transport conditions
be determined for the specific species (in this case Pacific threadfin) and life-stage
of the fish being shipped. Identification of “critical” parameters provides valuable
information on areas of possible improvement in the transport process and can
reduce the number of parameters that should be followed when shipping fish for
commercial operations.

Work Progress and Principal Accomplishments
Project initiation was delayed with the extensive storm damage to the Doherty
Research Hatchery Facility that was encountered in December 2003 and January
2004. The necessary repairs were completed in October 2004 allowing for the
initiation of the Year 1 work plan. A preliminary “shake-down” trial was success-
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fully completed with results present under progress for Objective 2, and the necessary equipment and supplies have been ordered for large-scale experimental
trials.
Fingerling Transfer Between Tanks
Objective 1: Compare standard bucket transfer versus the gravity-feed method for moving fingerlings from nursery to transport
tanks.
This project work is planned for early in 2005 dependent upon fingerling availability.
Design Transport Test System
Objective 2: Set up a replicated small-scale experiment tank system to study and optimize transport conditions for small marine
finfish fingerlings.
Under this objective, we have begun to test and optimize a small-scale experimental test system as a means to develop and optimize fish movement protocols for
application to larger-scale commercial operations and to conduct laboratory-type
monitoring of parameters that cannot be easily measured under actual working
conditions. Preliminary trials saw the successful use of standard plastic insulated
48-quart “picnic” coolers equipped with air stones for delivering metered oxygen
to treatment animals (Figure 1). The system is currently being scaled up and materials are being ordered to initiate large-scale experimentation as outlined in the
project work plan.

FIGURE 1. Photograph
showing “shake-down”
transport trial examining
the effect of transport density on survival of Pacific
threadfin fingerlings.
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Effect of Transport Density
Objective 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.
Large-scale “simulated” transport trials are currently scheduled to be initated, dependent upon fingerling availability, late in 2004 and early in 2005. Based on the
results of preliminary “shake-down” trials conducted earlier, the proposed experimental test system appears appropriate for examining the relationships between
fingerling densities, changes in water chemistry, and fish survival (Figure 2). Early
results clearly indicate the importance of not overstocking transport tanks in ensuring low mortality rates during fish transport.

FIGURE 2. Preliminary data from “shake-down” fingerling transport trials
conducted with Pacific threadfin fingerlings.
Alterations to Increase “Safe” Density
Objective 4: Examine effects of adjusting water temperature, salinity, and use of anesthetics during handling for purpose of increasing maximal transport density.
Experimental trials aimed at improving transport techniques and increasing “safe”
transport density will be initiated upon completion of studies outlined under Objective 3.

130  Center for Tropical and Subtropical Aquaculture

Pacific Threadfin Fingerling Transport

Work Planned
1. Compare the current “bucket-based” transfer of fingerlings from nursery to
truck-based transport tanks with that of a gravity-fed system through the tank
drain. Under this objective, we will compare the manual fingerling transfer with
that of gravity-fed tank transfer from nursery tanks to truck-based transport
tanks. Although manual transfer by way of buckets has been a relatively simple
and straightforward approach during early stages of industry startup, the high
volume of fingerlings now being moved in support of the growing offshore
cage industry make this approach antiquated and labor intensive. However,
Pacific threadfin fingerlings have proven to be highly susceptible to handling
stress. Therefore it is important to experimentally evaluate alternate procedures
prior to subjecting large numbers of valuable fingerlings to potentially dangerous
transport procedures. Detailed records of labor requirements and time required
for fish transfer will be maintained on separate production runs to obtain a cost
benefit analysis of alternative fingerling transfer methodology.
2. Complete installation of the small-scale experimental test system for examining
and optimizing fish transport techniques.
3. Complete large-scale replicated fish transport density studies.
4. Complete studies examining potential methods to increase fingerling transport
density. Under this objective, Pacific threadfin fingerlings will be stocked into
experimental simulated transport tanks at previously determined densities to
result in 50% survival at four hours (i.e., LD50). Fingerlings will then be randomly
divided into one of five treatment protocols including: control, reduced transport
temperature, lowered salinity, light anesthesia during handling, and a combination
of the above treatments toward improving transport survival and maximizing
safe stocking densities during fish transport.

Impacts
The findings of this project will greatly benefit the development of the growing
marine finfish industry by facilitating the safe and cost-effective movement of marine
finfish fingerlings between hatchery and grow-out facilities across Hawaii and the
Pacific Islands. In particular, the offshore cage industry is expanding rapidly in
light of the successful demonstration of large-scale production of Pacific threadfin
in submersible cages. The rapid expansion of the marine finfish industry has already
outstripped the available supply of hatchery-reared fingerlings. A single operation
(Cates International, Inc.) is currently targeting production of over two million
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fingerlings per year, and at least two other commercial operations are expected to
start production within the year. Scaled-up hatchery and grow-out operations
provide new opportunities to achieve economies of scale in commercial operations.
However, current handling and transport methods were developed for movement
at the research or pilot scale, and are mostly limited to transfers within the 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 to achieve the necessary economies
of scale to become competitive in the world seafood trade.

Publications in Print, Manuscripts, and
Papers Presented
None to date.
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Amberjack (Seriola rivoliana)
Nursery Fingerling Production,
Year 1*

General Information
Reporting Period

January 1, 2004–September 30, 2004

Funding Level

Year
1

Participants

Charles W. Laidley, Ph.D.
The Oceanic Institute (OI)

Amount
$100,000

Objectives
The goal of this project is to increase the density and efficiency of longfin amberjack
fingerling production to meet fingerling demands for grow-out operations (offshore
cage and onshore) in Hawaii. In addition to being reliable, these systems must be
economically viable and environmentally responsible. Specific project objectives are
as follows:
1. Determine the maximal stocking density for nursery production systems under
advanced partial water reuse system technologies.

* After this proposal, originally titled “Greater Amberjack (Seriola dumerili) Nursery Fingerling Production,” had been
written, it was discovered that kahala actually represents two different species of fish. The species the industry in Hawaii
works with is the longfin amberjack, Seriola rivoliana.
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2. Disseminate project findings through on-site working sessions and via a full written
nursery protocol for industry dissemination.

Anticipated Benefits
This is part of an ongoing effort to diversify the Hawaiian aquaculture industry, with
emphasis on developing aquaculture technology of higher-value species such as
the longfin amberjack. 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, to make offshore cage production
economically viable, it is necessary to significantly increase the fingerling production
capacities of onshore hatchery production facilities while working to minimize water
use and waste discharge. Funding through other sources is supporting the Oceanic
Institute (OI) in its drive to develop year-round seedstock supplies and
improvements in hatchery technologies for amberjack as commercial suppliers are
starting to come on-line. However, in order to scale up production to meet the
requirements of offshore and larger onshore grow-out operations, it is also necessary
to significantly increase the efficiency and intensity of nursery operations.

Work Progress and Principal Accomplishments
Maximization of Nursery System Stocking Density
Objective 1: Determine the maximal stocking density for nursery
production systems under advanced partial water reuse system
technologies.
The nursery production
system design and tank
setup has been completed.

System design and tank setup for the nursery experiment has been completed. The
system is composed of six treatment groups with three replicates of each treatment. The control fish will be raised using a flow-through water supply as is currently operated at the OI production hatchery and nursery facility, with fish densities well below 10 kg/m3. The remaining treatments will examine the effect of fish
densities (five treatment groups) using recycled water.
The test system is composed of eighteen 180-gallon round flat-bottomed tanks
purchased from Polytank (model # PT5228) and are currently onsite. Filtration
(see diagram) will consist of a pass through a microscreen drum filter (PRAqua
model #RFM3218, currently on-site), which removes solids prior to their reach-
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ing the sump tank. Water will then be pumped through a protein skimmer (RK2
model # RK150-PF, currently on-site) and allowed to fall through a CO2 stripper
(PRAqua, to be shipped) and into a second sump. Water from the second sump
will be pumped through a fluidized sandbed biofilter (Marine Biotech Cyclobio
36, currently on-site) and into a head tank attached to the filter. Water from the
head tank will either be sent back through the CO2 stripper and into the second sump
or to the holding tanks, passing through a UV sterilizer (Aqua UV model # Viper 400,
currently on-site) and an O2 cone (Maine Biotech 12", on order).

Written Nursery Protocol and Public Workshop
Objective 2: Disseminate project findings to the industry through
on-site public working sessions and a full written nursery protocol for industry dissemination.
The technology transfer components of the project will be initiated upon completion of system setup and planned experimental trials as outlined under Objective 1.

Work Planned
1. Complete system installation.
2. Test system operation.
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3. Produce large batch of longfin amberjack fingerlings for nursery trials.
4. Run nursery trials examining the effect of fish density and water reuse systems
on nursery performance of longfin amberjack.
5. Develop written nursery protocol.
6. Conduct public workshop.

Impacts
Amberjack is one of several emerging marine finfish species thought to have outstanding aquaculture potential in the United States. A substantial market has already been developed for the species in Europe and Asia where it is well recognized for its fast growth and high market value. Difficulties in obtaining reliable
seedstock supplies (i.e., viable spawns), and low hatchery survival have generally
forced the industry in Japan and Europe to rely on the collection of fingerlings from
the wild to stock tanks and cages. These resources are not available in Hawaii and
are not sustainable in other areas of the world where wild sources of amberjack
fingerlings are already depleted. In contrast, OI began developing amberjack
broodstock and larval rearing technologies in the mid-nineties, with the establishment of the first natural spawning stock in 1999. In 2001, OI succeeded in closing
the life cycle for the species in captivity with the establishment of year-round spawning
stocks of domesticated broodstock. Although more effort is needed in both reproductive and larval hatchery technologies to attain commercial levels of reliability and hatchery output (to be addressed in Years 2 and 3), bottlenecks in nursery
phases just prior to stocking in offshore cages are quickly becoming a limiting
factor to industry start-up. Pilot-scale procedures currently in place for Pacific
threadfin production are simply insufficient to meet the growing demand of offshore cage production facilities, and this situation will only get worse as the industry begins to intensify to obtain economies of scale necessary for commercial success. It is expected that current “low-tech” approaches that are currently being
stretched to deliver 100,000 threadfin fingerlings can be intensified so that the
same tank and water resources can reliably deliver two to four times the current
fingerling supply.

Publications in Print, Manuscripts, and
Papers Presented
None to date.
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Postharvest Handling and Storage of Limu, Year 1

General Information
Reporting Period

December 1, 2003–September 30, 2004

Funding Level

Year
1

Participants

Robert E. Paull, Ph.D., Professor
University of Hawaii at Manoa

Amount
$49,972

Nancy Jung Chen, Ph.D., Researcher
University of Hawaii at Manoa

Objectives
To maintain quality and extend postharvest life of harvested limu.
1. Determine whether postharvest dips in various calcium and nitrogen solutions
can assist in quality maintenance.
2. Determine the optimum storage temperature and maximum storage duration.
3. Determine whether modified atmosphere packaging can maintain quality and
extend postharvest life.
4. Determine whether postharvest treatments can minimize epiphytic growth.
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Anticipated Benefits
The anticipated benefits from this proposal are: (i) technology transfer of recommendations, (ii) recommendations for preharvest calcium and nitrogen dips, (iii)
recommendations for postharvest storage temperatures and maximum storage duration for quality maintenance, (iv) modified storage recommendations, and (v)
postharvest dips to minimize microbial growth. These recommendations will be
released by newsletters, personal contact, and extension agents on a regular basis
to all known producers and wholesalers during the two years of this project.

Work Progress and Principal Accomplishments
General Comments
To date, Gracilaria salicornia has been the main species used for this project.
The plant has a dark, brownish-red color and crunchy texture and generally grows
into a sizable cluster. The average shelf life for this limu is four days. When stored
at room temperature, it maintained a fresh harvest appearance for the first two
days, after which the thalli started to discolor,starting at the thallus tips and changing
from brown to a pinkish-to-purplish color. Not all tips on the same cluster of plant
changed color at the same time. There was large variation in the Gracilaria
salicornia cluster in color change during storage; some clusters did not change
color until four days at room temperature. Limu with short thalli and tighter clusters
generally discolored first. Smaller clusters were more likely to start to change
color sooner. After four days, the occurrence of a pink color rendered the limu
unappealing and unacceptable. It was also observed that the thalli tended to fall off
from the clusters after longer storage periods.
Objective 1: Determine whether postharvest dips in various
calcium and nitrogen solutions can assist in quality maintenance.
The addition of ammonium chloride at 1 and 10 ppm to sea water and dipping the
limu for two minutes did not improve the shelf life. Calcium chloride at 10 and 100
ppm also showed no improvement in shelf life. Both calcium and ammonium
dips were tested at 12.5 to 23°C, and temperature did not influence the result
(Figure 1).
Objective 2: Determine the optimum storage temperature and
maximum storage duration
G. salicornia was chilling-sensitive and did not respond well to low-temperature
storage. When stored overnight at 2°C, thalli became limp and entirely pinkish138  Center for Tropical and Subtropical Aquaculture
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FIGURE 1. The influence of ammonium chloride (1 and 10 ppm) and calcium
chloride (10 and 100 ppm) dips for two minutes at 12.5, 15, 17.5, and 23°C
on limu color as Minolta Chromameter “a” and “b” values.
red. At 10°C, the color change occurred in two days. By the fourth day, more than
90% of the limu was either pink or red. The rate of color change remained the
same when the limu was stored at temperatures higher than 10°C. The pattern of
the change in appearance showed the same trend among all temperatures tested
(Figure 2).
Electrolyte leakage was used as a measurement for the cell membrane integrity.
The lower the number, the healthier the membrane. Limu thalli started to lose
membrane integrity two days after harvest; the increases in leakage were especially
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FIGURE 2. The effect of different temperatures on limu’s appearance during
storage.
high when stored at 10 and 12.5°C. Limu stored at 20°C showed the same trend
of electrolyte leakage, with a slightly lower rate. The result of the electrolyte leakage
studies indicated that 15°C was the optimal temperature for storage. At this
temperature, the electrolyte leakage remained low for four days then increased to
90% in the following two days. It is interesting that moderate temperatures only
delayed the onset of senescence, but did not postpone the whole process. The
rapid increase in electrolyte leakage and change in color when stored at 15°C
after four days indicated the occurrence of drastic physiological changes. Lower
temperature storage had no effect on thalli protein content as it changed only slightly
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FIGURE 3. The effect of temperature on electrolyte leakage and protein content in limu during storage.
by day 4 (Figure 3). Protein content increased slightly at higher storage temperatures
and then declined significantly.
Phycobilin is the major red pigment in red algae. The optical density at wavelength
564 nm can be used as a measurement of phycobilin concentration. There are dual
peaks of absorption, and while only one is necessary, optical densities were taken
at 564-nm and 497-nm wavelengths in this experiment. At storage temperatures
higher than 15°C, the phycobilin content remained steady for the first four days. At
lower storage temperatures, the phycobilin slowly disappeared (Figure 4).
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FIGURE 4. The effect of temperature on the phycobilin in limu during storage.
Respiration rate and ethylene production were measured for limu stored with and
without light at two temperatures. There was a steady rise in respiration rate when
limu was stored with or without light. Light seemed to stimulate the respiration rate
in limu stored at 16°C, but had no effect at higher temperatures (Figure 5). The
effect of light on the physiological changes of the limu may be temperature dependent.
Measurable ethylene production occurred in all the samples, and the amount varied
over the storage period. No relationship could be found between ethylene
production and respiration rate, either with or without light. Ethylene production
did not appear to be related to any of the measured physiological changes. Light
seemed to have a positive effect on respiration at low temperature and on ethylene
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FIGURE 5. The effects of light and temperature on respiration rate of and
ethylene production by limu during storage.
production at higher temperatures. The role of ethylene on limu postharvest life is
unknown. Inhibitors of ethylene action will be used to determine the role of ethylene
in limu senescence.
The decline in phycobilin was closely related to the rise of the color ‘b’ value as
measured with a Minolta colorimeter (Figure 6). Light increased the rate of the
pink color’s appearance at 21°C. Green light was not beneficial for the limu storage,
even though it has been reported to grow well under this light (Figure 7).
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FIGURE 6. The effect of light and temperature on the Minolta Chromameter
color change in limu during storage.
Dry weight showed a slight increase, except when stored at higher than 16°C,
where it steadily declined. Potein loss occurred under all storage conditions by
day 6. At the end of storage, a 50% reduction in protein content had occurred
(Figure 8). Temperature and light did not affect protein loss.
When the texture analyzer was used to measure limu thallus firmness, the results
were inconclusive. The analyzer measured compression force to break the tissue,
and the force was influenced by the thickness of the thallus. Firmness declined with
storage, but the decline was not significantly different (Table 1). By the end of the
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FIGURE 7. Effect of green light on the characteristics of limu at two different temperatures.
storage period, most of the thalli had become limp. When firmness measurements
were taken on the remaining intact thalli, the readings did not represent the initial
population. The extremely large standard deviation indicated that large variations
occurred in limu sample firmness.
Objective 3: Determine whether modified-atmosphere packaging
can maintain quality and extend postharvest life.
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FIGURE 8. The effect of light and temperature on dry weight and protein
content in limu during storage.
Initial work on different modified-atmosphere packages has just started. In addition,
the first run with high-pressure processing indicated that pressures higher than 150
MPa lead to rapid loss in thallus color.
Objective 4: Determine whether postharvest treatments can
minimize epiphytic growth.
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TABLE 1. F irm ness of t he indiv idual lim u t hallus m easured w it h a t ex t ure
analyzer. The dat a were report ed as g/unit area. (Mean ± SD)
Storage
Period

16º C

21º C

(days)

Light

Dark

Light

Dark

0

401.72 ± 102.69

401.72 ± 102.69

401.72 ± 102.69

401.72 ± 102.69

2

300.13 ± 94.34 379.88 ±

6

261.00 ± 99.91 392.38 ± 125.64

94.23 322.44 ± 80.08
271.97 ± 126.38

428.91 ± 136.25
295.23 ±

89.46

Preliminary work to evaluate different methods to evaluate epiphytic growth has
been undertaken and is continuing.
Materials and methods:
Material: Limu were purchased from Hawaiian Marine Enterprises and delivered to Honolulu in the morning after harvest. Limu were separated, placed in
plastic bags, and stored accordingly at various temperatures.
Subjective evaluation: Color and fresh weight loss: Overall condition was estimated based on a scale of 0 to 3: 0=fresh condition, 1=slight loss of appearance,
2= moderate loss of appearance, and 3=severe loss of appearance. The color
change was ranked on a scale of 0 to 6: 0=no color change, 1=<10%, 2=10 to
30%, 3=30 to 60%, 4=60 to 90%, 5=90 to 99%, and 6= 100%. Color was also
measured with a Minolta Chromameter and expressed in “a” and “b” values.
Ethylene production and respiration: Five hundred grams of limu in a plastic bag
were placed in a sealed container at room temperature. A 1-ml air sample was
taken from the head space at defined periods of time after sealing and analyzed for
ethylene production using a gas chromatography fitted with an alumina column
(75°C) and photoionization detector at 125°C and employing a carrier gas flow
rate of 25 ml/min. One ml of air from the head space was also injected into a CO2
infrared gas analyzer. Nitrogen gas was used as the carrier gas.
Phycobilin: Ten grams of limu were ground with 50 ml of 100mM phosphate
buffer (pH 7) in a Warning blender for one minute at medium speed. The homogenate was centrifuged at 10,000 rpm for 15 minutes and the pellet discarded. The
absorption of aqueous extract was measured at OD564 and OD 497. Aliquots of
supernatant was used to measure the protein concentration using the Lowry method
of protein analysis.
Electrolyte Leakage: Ten grams of sample were washed with distilled water three
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times, placed in 50 ml of 0.6M mannitol solution, and subjected to constant shaking. The conductivity was measured with an ion conductivity meter after one hour.
The tissue was then boiled for one hour in a water bath to release all electrolytes
and total conductivity was measured. The electrolyte leakage is represented as a
percentage of total conductivity.
Dry weight: Ten grams of tissue were dried at 80°C in an oven for two days, and
the dry weight was then measured.
Firmness: Individual thalli from each sample group were trimmed to 3 cm before
the compression reading was taken. Each point was the average of the measurements of 35 thalli.

Work Planned
We will continue to try and reduce the large batch-to-batch variation in limu
postharvest response. To overcome this thallus-to-thallus variation, it maybe necessary to increase sample size for each treatment and possibly increase the number of replications.
Objective 1: Ion treatments (ammonium and calcium).
This research will be expanded with our focus on postharvest dips and on Molokai
testing preharvest handling treatments. From our initial studies, a two-minute dip
had no impact; we will now test longer treatment times and different concentrations of calcium and ammonium, with and without light.
Objective 2: Storage temperature.
This objective has been largely completed.
Objective 3: Modified-atmosphere storage.
The work under this objective has just started. We will focus on different packaging methods using different initial concentrations of oxygen and carbon dioxide in
containers having different permeabilities. Since the respiration is relatively high
and because of the chilling sensitivity of the limu, the permeabilities of the container
and overwraps will be crucial.
Under this objective, we will continue to explore the potential applications of high
pressure processing. Different pretreatments will be tested along with different
processing pressures and temperatures.
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Objective 4: Epiphytic growth.
As soon as the evaluation method is selected, this objective will follow exactly as
outlined in the original proposal.

Impacts
The optimal storage temperature for Gracilaria salicornia is between 15 and
17°C. This storage temperature maintained quality, but did not extend the limu’s
shelf life. Initial testing using a two-minute postharvest dip in calcium and ammonium did not extend shelf life. High-pressure processing results suggest that pressures higher than 150 MPa lead to loss in thallus color. Studying the data has given
us a clear idea about the changes that do occur postharvest and what the best
measures of these changes are.

Publications in Print, Manuscripts, and
Papers Presented
None.
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Evaluation of Tilapia Species
and Varieties for Establishment
of a Hatchery in Guam, Year 1
General Information
Reporting Period

October 1, 2002–September 30, 2004 (final report)

Funding Level

Year
1

Participants

David P. Crisostomo, Extension Agent IV, Associate Professor
Cooperative Extension Service, University of Guam

Amount
$50,200

Victor Camacho, Peter Barcinas, Josh Golder, Francine Taitingfong, Kristen
Cruz, and Josephine Superales
Guam Aquaculture Development and Training Center, University of Guam
John Bernardo
Bernardo’s Farm
Peter San Nicolas
Seafood Aquaculture, Inc.
Angel Wang
SCOAP Fish Farm
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Objectives
1. Identify, obtain, and import into Guam male seedstock of five strains of tilapia.
2. Evaluate the growth rate, survival, food conversion, and dress out characteristics
of these five strains under local conditions in both ponds and above-ground
tank systems.
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 Guam Aquaculture Development and Training Center
(GADTC) facility.

Principal Accomplishments
Objective 1: Identify, obtain, and import into Guam male seedstock
of five strains of tilapia.
Five varieties of tilapia
fry were imported into
Guam from Thailand,
the Philippines, and
Taiwan.

This project experienced a delay just two months into the project, due to destruction
of facilities and power and water infrastructure by Supertyphoon Pongsona, which
hit Guam in December 2002. This resulted in an eight-month delay to get the
project started. Five varieties were selected based on recommendations from a
research institution in Asia and from reports. The varieties and species selected
and imported included:
1. Oreochromis niloticus var. ‘Chitralada’ from the Asian Institute of
Technology in Bangkok, Thailand
2. O. niloticus var. ‘Philippine Selected’ also from the Asian Institute of
Technology
3. O. niloticus var. ‘GMT’ from Phil-Fishgen Project, Central Luzon State
University, Philippines
4. GIFT variety, a hybrid developed from six varieties and species of tilapia,
from the Pathumthani Genetic Research Center, Thailand
5. a hybrid of O. niloticus x O. mossambicus from Taiwan
The hybrid from Taiwan (O. niloticus x O. mossambicus) was selected as the
control variety because it is the variety of tilapia commonly imported by Guam’s
commercial farmers.
Objective 2: Evaluate the growth rate, survival, food conversion,
and dress out characteristics of these five strains under local
conditions in both ponds and above-ground tank systems.
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The method for grow-out comparisons was changed after the delay because
cooperating farmers and their growing schedules were thrown out of sync. Farmers
were anxious to stock all their ponds after repairs from the typhoon were made.
They were less interested in committing ponds for the project and having to wait
for the entire growth time required by the project. So, instead of stocking commercial
ponds, fish were grown out in 100-ft2 partitioned cage in a raceway at GADTC
with flow-through water and aeration in each cage.
Fish were first held in 20-ton GADTC nursery tanks and fed a high-protein diet of
trout fry feed (50% protein) for between two and eight weeks. Fish were then
transferred to the cages and fed a high-protein tilapia feed (32%). Fish were fed a
declining feed rate based on a percentage of their body weight, ranging from 5%
to a final feeding rate of 2%. All varieties exhibited fast growth and good feed
conversion rates. The Philippine Selected variety fish were stocked into the cages
at a size of 99.5 g and reached a final average weight of 1,055.2 g (approximately
2.3 pounds). The Chitralada variety fish were stocked at a size of 205.2 g and
reached a final average weight of 1,035.6 g. However, there were several individuals
of the Chitralada variety that were in excess of 1,300 g. The GMT variety was
stocked at an initial average weight of 62.5 g. Their final average weight was
779.4 g. Average daily growth was greatest for the Philippine Selected at 5.70 g.
The Chitralada variety had a daily growth rate of 5.26 g. The GMT variety had a
daily growth rate of 3.90 g. Growth rates for the control and GIFT varieties are
not available because they have not completed their growth trials.

FIGURE 1. Growth curves of five selected tilapia varieties over a 184-day
growth period.
December 2004  153

Seventeenth Annual Accomplishment Report

Survival was 92.4% for the Chitralada variety, 94.6% for the Philippine Selected
variety, and 93.5% for the GMT variety.
Reproduction was expected to be negligible in the experimental cages. However,
recruitment was much more than expected in the GMT variety. The Chitralada and
Philippine Selected trials showed no recruitment. Recruits from the GMT trial
were easily separated from test animals due to the large difference in size.
Feeding rates and feed conversion ratios are pending following the completion of
the trial with the control and GIFT varieties.
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 of all five strains have been acquired and are being grown for the Year
2 reproduction study at GADTC. The Chitralada, Phillipine Selected, and GMT
varieties are mature, and the control and GIFT varieties are approaching maturity
(within one to two months).

Impacts
Thus far the impact has been minimal. The greatest impact will occur after Year 2
objectives have been achieved. Currently, however, three farmers have tested
some of the varieties on their farms and have responded very favorably. One
farmer has requested to have some fish to use in his breeding program. Fifty mixed
fish of one variety were given to him to grow out to maturity and examine their
breeding potential in his small-scale breeding program. One commercial producer
has requested information from the source of the Chitralada variety for possible
importation of stock for his farm. He was impressed with the growth performance
of the Chitralada on his farm.

Publications in Print, Manuscripts, and
Papers Presented
None.
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Improving Sturgeon Farming in
Hawaii, Years 1 and 2
General Information
Reporting Period

October 1, 2002–July 31, 2004 (Year 1, final report)
July 1, 2004–September 30, 2004 (Year 2)

Funding Level

Year
1
2

Amount
$18,635
$11,335

TOTAL

$29,970

Participants

Kevin D. Hopkins, Ph.D. (Year 1 Principal Investigator)
University of Hawaii at Hilo
Frank A. Chapman, Ph.D., Associate Professor
University of Florida
Howard Takata
dba Hawaiian Sturgeon & Caviar Company
Robert Kern
Tropical Ponds of Hawaii
Ron Weidenbach
Hawaii Fish Company
Jeff and Linda Koch
Mokuleia Aquafarms
Brent Burkott
Hawaii Farm Fresh Seafood
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Year 1 only

Ashley DeLoach
Tropical Ponds of Hawaii
William Lansford and Jo Sosna
Aquatic Ventures, Inc.

Year 2 only

Robert D. Howerton, Ph.D., Aquaculture Extension Specialist (Year 2 PI)
University of Hawaii Sea Grant Extension Service
James Szyper, Ph.D.
University of Hawaii Sea Grant Extension Service
John Santangelo
Tropical Ponds of Hawaii

Objectives
Year 1
1. Training: Improve the level of technical expertise of at least six Hawaiian
fish farmers so that they can nurse, handle, stage, and if possible, spawn
Acipenser gueldenstaedti.
2. Establish Sturgeon Stocks: Establish at least three (six preferred)
populations of A. gueldenstaedti and one other Russian species at farms
throughout Hawaii.
3. Reducing Deformity: Determine if increasing calcium concentrations in
incubation water will reduce the incidence of deformity in yolk sac larvae
and fingerlings.
4. Hatchery Manual: Prepare a preliminary hatchery manual for Russian
sturgeons in Hawaii.
Year 2
1. Develop larval rearing techniques for one and possibly two species of sturgeon,
A. gueldenstaedti and Huso huso.
2. Determine optimal feeding protocols for sturgeon larvae and fry and improve
survival rates during transition from live feeds to artificially prepared diets.
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3. Determine optimal temperature requirements for sturgeon larvae and fry culture.

Anticipated Benefits
Year 2
The sturgeon project may benefit the Hawaii commercial aquaculture community
by providing an alternative freshwater aquaculture species. Moreover, the market
for this particular fish and fish product may bring premium value.

Work Progress and Principal Accomplishments
Year 1
Objective 1: Training: Improve the level of technical expertise of
at least six Hawaiian fish farmers so that they can nurse, handle,
stage, and if possible, spawn Acipenser gueldenstaedti.
Two training workshops were held in
March 2003 and March
2004 for farmers,
extension personnel,
and students.

The first of two sturgeon reproduction and hatchery workshops was held at
Hoowaiwai Farms and the Pacific Aquaculture and Coastal Resources Center
(PACRC) on the island of Hawaii from March 10–11, 2003. This training was cosponsored by the U.S. Agency for International Development/Initiative for Future
Agriculture and Food Systems-funded project “Bridging Gaps to Insure LongTerm Viability of Small Tropical Mariculture Ventures in Hawaii and the U.S.
Affiliated Islands.” The workshop was attended by 22 persons (14 farmers and 8
extension/outreach persons) plus 12 students from UHH and a local high school.
The instructor was Dr. Frank Chapman from the University of Florida. Day 1’s
hands-on activities involved eight-year-old A. gueldenstaedti and included seining,
weighing, tagging with PIT tags, anaesthetizing, egg sampling via incision followed
by suturing, and evaluation of the stage of egg maturation. During Day 2, a whole
day of classroom lectures and discussions covered all aspects of sturgeon culture,
concentrating on hatchery and nursery techniques. Also during this reporting period,
detailed diagrams and instructions for assembly of standardized nursery systems
were prepared and distributed to the farmers.
A second workshop was held over three days at Akolea Farms in Hilo in March
2004 just before the World Aquaculture Society meeting in Honolulu. Attendees
included several farmers and students from an university aquaculture production
class. This workshop was led by Dr. William Shelton from the University of
Oklahoma. The highlight of the training was an attempt to spawn a 100-lb female
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sturgeon with three males. Participants received hands-on experience in PIT tagging,
staging of eggs (including determining the extent of migration of the nucleus), dosage
computations and preparation of LH-RHa for injection, injection of the four fish,
and observation of the fish after injection. Unfortunately, the female was not quite
ready to spawn as the egg nucleus had migrated only about seventy-five percent of
the way to the animal pole. Although a spawn was not obtained, the fish showed
typical “courtship” behavior after injection. In addition to the hands-on training,
Dr. Shelton also lectured on the MIST (minimally invasive surgical technique) for
removal of ovulated eggs. It must be noted that the project did not have adequate
funds for this second training, so the farmers paid for Dr. Shelton’s expenses.
An important side result of the training programs was the demonstration of sexual
dimorphism and maturation of A. gueldenstaedti in Hawaii. However, this
maturation does not appear to be synchronous, probably as a result of the constant
21°C water in which the fish are maintained. Twenty-six fish were sexed in
2003:
Sex Ratio (n=26)
Female
54%
Male
31%
Unknown (probably male) 15%
The stage of egg maturation was determined based on a four-stage method in
which stage 2 eggs are small (200 microns) with profuse adipose tissue, stage 3
eggs are starting to enlarge (1.5 to 2.5 mm) with uneven pigmentation, and stage 4
are large (3.0+ mm), pigmented eggs. Fourteen eight-year-old females were examined in 2003:
Egg Maturation (n=14)
Stage 2
14%
Stage 3
50%
Stage 3.5 21%
Stage 4
14 %

Objective 2: Establish Sturgeon Stocks: Establish at least three
(six preferred) populations of A. gueldenstaedti and one other
Russian species at farms throughout Hawaii.
An opportunity arose to cooperate with sturgeon farmers in Florida to obtain eyed
eggs from Russia. However, an earlier attempt to transship them from Florida had
not been successful for a number of reasons. A test shipment (jointly-funded by the
project and one of the farms) of 200+ A. gueldenstaedti fry was conducted in
late February. The fish arrived with minimal mortality and were eventually distributed
to two new sturgeon farmers and one existing farm. The fish distributed to the two
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FIGURE 1. Size of Acipenser gueldenstaedti at almost eight years of age. Note
the sexual dimorphism.
new farmers subsequently died. At one of the new locations, this was probably
caused by highly acidic rainfall from the nearby active volcano. The cause of the
deaths at the other new location is unknown. A dozen fish have survived at the
other farm and have attained an average weight of 2.5 kg at 21 months of age. This
growth rate is essentially the same as was observed with fish that the farm imported
in 1995.
Two additional attempts were made to import sturgeon eggs or fry during 2003. In
the first case, arrangements were made to obtain part of a shipment made to
Rokaviar in Florida from Italy. Before transshipment from Florida could be made,
massive mortalities started to occur precluding transshipment to Hawaii. In the
second attempt, a Russian supplier was contracted to supply fish to both Dr.
Chapman’s associates in Florida and this project. As it was extremely difficult to
prepay the $2,000 downpayment to the Russian supplier using government funds,
one of the cooperating farmers assumed all of the risk and made the downpayment
with the hope that he would be reimbursed when a shipment was actually made.
Unfortunately, the first part of the shipment to Florida was not successful and the
supplier requested a delay to 2004.
After numerous attempts, project researchers were finally
successful in obtaining
viable sturgeon fry in
June 2004.

In 2004, attempts to obtain fish from Russia were again unsuccessful. An order for
10,000 Siberian sturgeon, A. baeri, eggs was made with an alternate source in
Austria. This source arranged a shipment of eggs from Italy that was received in
June 2004. This shipment was funded by another cooperator with half of the eggs
being sold at cost to the project.
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Upon arrival, the shipping water temperature was 22°C with a calcium content of
54 mg/l and magnesium content of 20 mg/l (= a hardness of 171 mg/l as CaCO3).
The cooperator placed his half of the eggs into a recirculating system on Oahu
while the remaining eggs were shipped to Hilo. An estimated 6,500 eggs arrived in
Hilo (19.25 eggs/ml). A sample indicated approximately 5% were dead or infertile.
One hundred eggs were placed into an incubator using the farm’s ambient water
(19°C, 4 mg/l Ca and 1 mg/l Mg). The remaining eggs were placed into an incubator
with chilled water (15°C) to which calcium chloride and sodium bicarbonate had
been added to increase calcium levels above 20 mg/l and buffer pH fluctuation,
respectively.
Eggs incubated in the ambient water were markedly larger and showed faster
development than the eggs at the lower temperature and higher calcium. First
hatch occurred within 13 hours of stocking into the ambient water and was
completed within another 24 hours. Only 22% of the eggs hatched in the ambient
water. Approximately 36 hours after stocking, the first hatch was noted in the
chilled water with almost 90% hatch within the next 24 hours. Fry were very active
in both systems, and freshly hatched brine shrimp were added to both systems
starting before the yolk plugs were shed. At ambient temperature, feeding was
noted on Day 8 after hatch.
In the chilled system, at 5 days post hatch, inactive larvae were noted on the
incubator floor. Within the next 24 hours, most of the fry settled to the bottom.
TAN was 0.4 mg/l. Water exchange was not helpful, and most of the fry died. An
examination of the dead fish showed that they still had their yolk plugs.
Surviving fry from the chilled water system were nursed for several more days until
they were eating brine shrimp. At that time, 100 large fry were distributed to each
of two private farms on Oahu and two private farms on the Big Island. Additionally,
three batches of 100 were sent to the UH Hilo farm for use in an experiment on the
effect of hardness on incidence of deformities (see Objective 4). The fish originally
allocated to a farm on Maui and a third farm on Oahu were not delivered because
the farmer did not complete the state-required permitting process.
To facilitate comparison, a standardized hatchery system was designed, materials
were purchased by the project, and the system was constructed by the cooperators
at the four farms and UH Hilo. System materials were also delivered to two other
farms to which fish were allocated but not delivered. See figure 2 for a schematic
of the system based on three 50-gallon culture tanks, filters, and a pump.
The distributed fish, which were survivors from the chill-water incubator, were
stocked into the standardized systems (100 fish per system were shipped, but the
numbers surviving shipment is not clear for all farms) and cultured for 109–131
days. They were initially fed a combination of brine shrimp and Nutra ST feed
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FIGURE 2. Sturgeon nursery systems schematic (not to scale).

Siberian sturgeon
populations have been
started at four farms.

before being weaned purely to the commercial diet. The average survival per system was remarkably consistent across the systems, only about 10%. The reason is
unknown, but may be related to the overly high water temperature during egg
transport. The bimodal distribution of average fish weights is also of interest and
may reflect the commercial or research orientation of farms: Oahu #2 and Hawaii
#1 are commercially oriented versus the research orientation of Hawaii #2 and
UH Hilo. After this first year of the project, there were four Siberian sturgeon
populations on two islands.
Farm
Location

Approx.
D ays

Oahu #1

Total
Remaining
Fish

Average
Weight
(g)

0

Comments

Suspicion of Trichodina
infection

Oahu #2

109

16

6

Hawaii #1

110

11

8

Hawaii #2

72

23

18

UH Hilo

72

35

14

From 3 experimental systems
(see objective 3)

Objective 3: Reducing Deformity: Determine if increasing calcium
concentrations in incubation water will reduce the incidence of
deformity in yolk sac larvae and fingerlings.
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Project researchers
determined that
farmers need to
supplement their water
with calcium during
the nursing stage.

This particular research objective was developed because of substantial differences in deformity rate encountered with A. gueldenstaedti larvae in the mid1990s. This simple experiment used the same standardized recirculating systems
as the farmers did, with three tanks in each system. The difference was that Ca
levels were varied in the experiment whereas the farmers used their ambient water.
Nineteen fish, which survived transport, were stocked into each replicate. No
significant levels of deformity were noted in any of the treatments. However, after
removing the one replicate in each of two systems in which the fish died of anoxia
because of clogged pipes, it is obvious from the analysis that increasing calcium
levels had a positive effect on survival and growth.
Average
Calcium
(mg/l)

Approx. Average Average
D ays
Survival Weight
(% )
(g)

9

72

16

7

21

72

25

12

39

72

39

17

Comments

Numbers adjusted for system failure

Numbers adjusted for system failure

Objective 4: Hatchery Manual: Prepare a preliminary hatchery
manual for Russian sturgeons in Hawaii.
Work on this objective started during this year and will be completed during Years
2 and 3 of the sturgeon project after results from those years are available. A
sizable amount of literature has been collected and reviewed during Year 1. A
listing of that material will be placed on the PACRC Web site early in 2005.
Year 2
No activity during this period. Due to the difficulty in obtaining sturgeon eggs or
fry, the Year 2 work has not yet begun. The experiments are to take place at the
PACRC facility at the University of Hawaii at Hilo. Due to delays in the beginning
of construction, this facility is not anticipated to be completed until June 1995.
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Work Planned
Year 2
We plan to continue investigating alternative sources for sturgeon fry and/or eggs
to begin this work. We also plan to look for alternative sites to carry out the
investigations.

Impacts
This three-year project will provide the basic information needed for the
establishment of a local sturgeon industry in Hawaii. This addition to the list of
culture species would have advantages of a larger market niche: the mainstream,
white tablecloth restaurant trade for both meat and caviar and the international
markets for smoked sturgeon and caviar. Additionally, sturgeon is well suited to
cool freshwater, which is abundant at higher elevations and on the windward sides
of the various islands.
More precisely, the Year 1 project has had the following impacts:


Farmers and potential farmers have attended two trainings on sturgeon
reproduction and hatcheries. The second training was funded, in large
part, by the farmers themselves.



Four populations of Siberian sturgeon are surviving on two islands.



It has been demonstrated that obtaining imported eggs or larvae is highly
problematic at the present. This indicates that the farmers should plan to
breed their own stock and not rely on imports.



Growth and survival is clearly suboptimal at the ambient calcium levels on
the island of Hawaii. Farmers must plan to increase those levels to improve growth and survival of young fish.



Several farmers are actively trying to import sturgeon seedstock, in addition to the stock that will be used by the Year 2 and 3 sturgeon projects.

The successful completion of this project may have long-term positive implications
for the Hawaii aquaculture industry. By providing a new, high-value freshwater
aquaculture species, commercial farmers may be able to significantly increase farm
revenue. As sturgeon take a number of years to reach market size and/or become
sexually mature allowing roe to be harvested, it will be some time before the positive
economic impacts of this project are seen.
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Publications in Print, Manuscripts, and
Papers Presented
Hopkins, K., H. Takata, and F. Chapman. 2004. Growth and maturation of Russian sturgeon Acipenser gueldenstaedti in Hawaii. Page 272 in Aquaculture
2004: Book of Abstracts. March 2–5, 2004, Honolulu, Hawaii. World Aquaculture Society, Baton Rouge, Louisiana, USA.
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