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

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

Administrative Center
CTSA is jointly administered by the Oceanic Institute and the University of
Hawaii. The Oceanic Institute has fiscal and administrative responsibilities for CTSA
operation. CTSA’s Administrative Center is located at the Oceanic Institute on
the island of Oahu in Hawaii. A second office is located at the University of Hawaii’s
Manoa campus, also on the island of Oahu. CTSA staff provide all necessary
support services for the Board of Directors, the Executive Committee, the IAC,
the TC, project review panels, and project work groups. Executive Director
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:
n

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

n

appoints and removes members of the IAC and the TC;

n

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

n

approves the proposed strategy for project selection;

n

approves the Annual Plan of Work, including budget allocations;

n

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

n

directs the Executive Director to respond to its information needs.

The Board of Directors includes these members:
n

Mr. John Corbin
Hawaii Department of Agriculture Aquaculture Development Program

n

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

n

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

n

Dr. Bruce S. Anderson
Oceanic Institute

n

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

n

Dr. Singeru Singeo
Land Grant Programs, College of Micronesia

n

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

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

n

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

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

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

n

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

n

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

n

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

The IAC has 19 members:
n

Dr. Paul Bienfang
University of Hawaii at Manoa
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n

Mr. J. Randy Cates
Cates International, Inc.

n

Mr. David Cohen
Aquatic Innovations

n

Mr. Brian Goldstein
Kona Bay Marine Resources, Inc.

n

Mr. John Gourley
Micronesian Environmental Services

n

Ms. Linda Gusman
Island Aquaculture

n

Mr. Donald Hess
College of the Marshall Islands

n

Mr. Steve Hopkins
Rain Garden Ornamentals

n

Mr. Theofanes Isamu
Palau Bureau of Marine Resources

n

Mr. Robert Kern
Tropical Ponds of Hawaii

n

Mr. Jeff Koch
Mokuleia Aquafarm

n

Mr. Peter San Nicolas
Seafood Aquaculture, Inc.

n

Mr. Neil Sims
Black Pearls, Inc.

n

Dr. Richard Spencer (Chair)
Hawaiian Marine Enterprises

n

Mr. Joseph Tabrah
The Oceanic Institute

n

Mr. Andy Tafleichieg
Yap Marine Resources Division

n

Mr. Frank Toves
Anki’s Enterprise

n

Mr. Ron Weidenbach
Hawaii Fish Co.
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n

Dr. Leonard Young
Hawaii Department of Agriculture Aquaculture Development Program

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

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

n

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

n

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

n

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

n

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

n

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

The TC has 17 members :
n

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

n

Ms. Kristen Anderson
University of Hawaii at Manoa

December 2005 n 7

Eighteenth Annual Accomplishment Report

n

Mr. Richard Bailey, Jr.
Aquatics Design and Construction, LLC

n

Dr. John Brown
University of Guam

n

Mr. David Coleman
Leeward Community College

n

Mr. David Crisostomo
University of Guam

n

Mr. Simon Ellis
Mid-Pacific Marine Consultants

n

Dr. Maria Haws
University of Hawaii at Hilo

n

Dr. Kevin Hopkins
University of Hawaii at Hilo

n

Mr. Tom Iwai
Anuenue Fisheries Research Center

n

Dr. PingSun Leung
University of Hawaii at Manoa

n

Dr. Wai-Kit Nip
University of Hawaii at Manoa

n

Dr. Anthony Ostrowski
Oceanic Institute

n

Mr. Vernon Sato

n

Dr. Peter Schupp
University of Guam

n

Mr. Howard Takata
University of Hawaii at Hilo

n

Dr. Christopher Winn
Hawaii Pacific University
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PROGRAM SCOPE
During 2005, the Center for Tropical and Subtropical Aquaculture completed
work on projects funded under its Fifteenth Annual Plan of Work and continued
work on projects funded under its Sixteenth and Seventeenth Annual Plans of
Work. Also, CTSA initiated work on projects developed under its Eighteenth
Annual Plan of Work and began developing its Nineteenth Annual Plan of Work.
Nine projects were funded under CTSA’s eighteenth year program, which was
approved by CTSA’s Board of Directors on January 13, 2005. Six were continuations of projects begun under the programs of previous years, and three were
new projects.
Since the inception of CTSA in 1986, it has funded 185 research, demonstration,
development, and extension projects. Nineteen projects were active during 2005.
These projects fall into five categories:
n

Information Dissemination

n

Extension Support to Further Industry Development

n

Marketing and Economics

n

Development of New Technologies

n

Demonstration and Adaptation of Known Technologies

These projects address information dissemination:
w Pacific Regional Aquaculture Information Service for Education
(PRAISE), Year 16
w Publications, Year 14
w Publications, Information, and Library (PRAISE)
These projects address extension support:
w Disease Management in Hawaiian Aquaculture, Years 10 and 11
w Addressing Some Critical Bottlenecks to Commercially Viable HatchDecember 2005 n 9
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w National Aquaculture Extension Conference
These projects address marketing and economics:
w Optimal Harvesting Strategies for Farmed Fish and Shrimp in Hawaii
w Feasibility Analysis of Shrimp Waste Processing Alternatives
These projects address development of new technologies:
w Amberjack (Seriola rivoliana) Nursery Fingerling Production,
Years 1 and 2
w Bioprocessing Pacific Island Byproducts for Prodution of Value-added
Feed Ingredients
w Marine Ornamentals Phase II: Techniques for Large-scale Production of Pygmy Angelfish, Year 1
w Aquaculture of Marine Invertebrates for the Marine Ornamental Trade,
Year 3
w Pacific Threadfin Fingerling Transport Technology Development,
Years 1 and 2
w Post-harvest Handling and Storage of Limu, Year 1
w Development of Cost-effective, High-performance Feeds for Chinese Catfish (Clarius fuscus)
These projects address demonstration and adaptation of known technologies:
w Evaluation and Propagation of Tilapia Strains for a Self-sufficient
Tilapia Industry on Guam, Year 2
w Improved Stocks and Managment Practices for Commercial Tilapia
Culture in Hawaii and the Pacific Region—Hawaii Component,
Year 3
w Sturgeon Aquaculture in Hawaii, Year 2
w Intensive Microalgae Production, Year 1
On the following pages, we present a summary of the principal accomplishments
of these active projects. For more project details—such as funding, objectives,
and anticipated benefits—please go to the Progress Reports section.
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Information Dissemination
Publications, Information, and Library (PRAISE)
The publications component of this project strives to provide the premier resource
for information about aquaculture in the Pacific, and project staff continues to help
disseminate CTSA project results throughout the region. In Year 14 of the
“Publications” project and during the “Publiations, Information, and Library
(PRAISE)” project, the Center published and distributed its quarterly newsletter
in June and December 2004 as well as March and June 2005. The CTSA staff
assisted with the editing and layout of one publication and disseminated numerous
other CTSA and RAC publications throughout the region.
The PRAISE program or library component of this project provides research
support services that empower regional aquaculturists to compete in the business
world. These services range from development of educational products to direct
delivery of research information. For a relatively small investment, the Pacific region
gains access to information that has enabled users to apply successfully for grants,
design better facilities, increase survival rates, produce quality merchandise, and
market the results. Regional educators and librarians have also benefited through
product development and resource sharing.
The aquaculture community in the Pacific has an ongoing need for the services we
offer. Hamilton Library is the only research library in the Pacific. With transportation
costs so high, electronic transfer of resources makes this project cost effective.
Every year we receive the grateful commentaries of our users assuring us that they
couldn’t have done it without our assistance or that their task would have taken
considerably longer without our help.
During Year 16 of its grant period, the project experienced some harsh setbacks
caused by the flash flood that hit the library in October 2004. The flood disrupted
all services and destroyed the PRAISE Web server. After a two-week interruption
in service, we were able to meet all but one of our objectives—at least at a minimal
level. The PRAISE staff is considerably behind in meeting Objective 1 for Year
16. The staff is working diligently to bring all services back online, and we expect
to catch up during the coming year barring any unforeseen library liabilities.

Extension Support to Further Industry Development
Disease Management in Hawaiian Aquaculture
To date, participants have used resources from this project to address applied
research on health management issues important to the aquaculture community in
Hawaii. This support infuses necessary resources for the research and development
of diagnostic and control services aimed at specific disease problems currently
December 2005 n
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limiting aquaculture production in the state. All project activities contribute to the
long-term goal of the project, which is to assist aquaculture business operations in
the region in developing solutions to emerging or long-standing disease problems.
The work proposed for Year 11 for the Cryptocaryon vaccine is a continuation
of the process of developing a vaccine to protect fish populations from the high
mortality rate associated with this parasite. This work is the second phase of a
proposed three-year project. Having identified the most immunogenic lifecycle
stage of the parasite (the trophont) and established a C. irritans ELISA diagnostic
to assess the immune response against this parasite in fish serum, we are ready to
proceed into the second year of research. The focus of this second year of research
is the isolation of immunogenic C. irritans protein(s) and vaccination trials required
to assess protection stimulated against them. We anticipate that the eventual outcome
of this project will be a vaccine that will protect many types of fish, such as cagecultured and tank-reared food fish, and marine ornamentals.
The proposed work to establish cell lines for a few selected fish species is the
result of requests from the local aquaculture community to have these established
lines readily available for future diagnostic purposes. The cell lines will be cultured,
maintained, and continually passed a minimum of 50 times over a six month period.
Once established, these cell lines will be used for the isolation and propagation of
viruses or rickettsial organisms that may affect these species.
The endeavor to improve diagnostic support to the industry is a multi-step approach,
combining basic research and practical outreach efforts. In the past, the majority
of the workload of the Disease Management project has been to respond to calls
for assistance where disease is affecting productivity. One refinement to this approach
is to work with local farmers to prevent disease outbreaks by providing an
individualized water quality and disease assessment of their facility. By doing so,
participating farmers can examine how their facility could be managed in a way
that protects their aquaculture products from specific disease issues. This work
has been the major focus of effort for the ADP Health Management Associate this
year. Additionally, work is in progress to establish a statewide SPF shrimp plan.
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 black-lip (Pinctada margaritifera) pearl culture industries of Hawaii and
Micronesia are nearly entirely dependent on hatchery production rather than wild
caught spat, as is the case in many other parts of the Pacific. Since pearl hatchery
technology is relatively new and methods are often proprietary, this effort focused
on refining and disseminating methods developed during previous CTSA work for
the benefit of the six pearl oyster hatcheries in Micronesia.
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A variety of improvements were made to “traditional” hatchery methods. A
comparison of ocean-based versus land-based nursery methods revealed that
maintaining spat initially for three weeks in a land-based nursery system improved
survival, did not affect growth rate and was cost-effective. To inform hatchery and
spat collection efforts, the spawning condition of oyster stocks at Pohnpei Island
of the Federated States of Micronesia (FSM) was monitored for one year to
determine if spawning was seasonal. A trend towards the presence of ripe gonadal
material was found during the period of June–August 2004, but black-lip pearl
oysters appear to be trickle spawners throughout the year.
A second component of this work was a population genetics study of regional
(Hawaii, FSM, and the Republic of the Marshall Islands) black-lip pearl oyster
stocks. Preliminary results indicate a high degree of genetic variability, thus confirming
the precautionary recommendations of workers to use resident broodstock and
also avoid transferring animals between islands. Completion of this component is
projected for October 2005.
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)
The goal of this project was to assist in the development of an economically
sustainable aquaculture industry in the U.S.-affiliated Pacific Islands with an initial
emphasis on producing black-lip pearl oyster “spat” (small, post-larval, settled
oysters) in hatcheries for the pearling industry in the Republic of the Marshall
Islands (RMI). The project was also to train locals in the developed hatchery
technology.
Black-lip pearl farming is one of the very few lucrative and sustainable commercial
aquaculture activities that can be undertaken by existing commercial companies in
the RMIs and their outer island communities that have relied largely on copra
production in the past. The RMI’s wild population stocks of large pearl oysters
could be seeded to produce cultured pearls, however, these stocks have not
recovered from past over-fishing. The collection of large numbers of wild spat has
failed in RMI in the past, although this option is viable in French Polynesia and the
Cook Islands. Black pearl culture in the RMI depends, therefore, on the supply of
spat for existing commercial farms as well as new pearling ventures in the future.
This project can best be termed a qualified success, as the main technical objectives
were met, but the vested stakeholders interpreted the outcomes as different from
their expectations.
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Marketing and Economics
Economic Feasibility for Freshwater Ornamental Fish Growers in
Hawaii to Market their Products Directly to West Coast Retailers
Environmental conditions favor Hawaii’s ornamental aquaculture industry, which
has been growing an average of 13% annually since 1993 to its current product
value of $750,000. Hawaii’s geographic location permits a shorter travel time for
shipments to the United States West Coast than for shipments from Asia. Still,
local ornamentalists must compete with the prices of their Asian competitors. To
remain profitable, Hawaii ornamentalists must consider altering their business strategy,
for example, through cooperative or direct marketing strategies, in ways that reduce
their production costs and increase their revenues.
The overall goal of the project was to determine whether it is feasible for Hawaii
freshwater ornamental producers to market their products directly to retailers in
the West Coast of the U.S. Mainland. This goal was met by (1) developing an
industry profile of existing freshwater ornamentalists based on farmers surveyed
and interviewed, (2) conducting a partial budget analysis identifying the profitability
due to a change in marketing strategy.
Optimal Harvesting Strategies for Farmed Fish and Shrimp in Hawaii
The core goal of this project is to allow shrimp and finfish growers to harness the
power of bio-economic models and personal computers to effectively manage
their farm operations when facing both production and price risks. Given an effective
management tool and the appropriate training to use it, shrimp and finfish growers
could potentially increase their profitability. Hence, the objective of this project is
to develop decision aids for optimal stocking and harvesting strategies.
A model by Yu and Leung (2005) incorporates the multi-cycle and multi-pond
nature typical of commercial shrimp farms operating on a year-round basis. For
this project, we have extended this shrimp farming model to analyze impact–from
variability in survival rate, growth rate, price seasonality, and labor force constraints
–on the optimal production schedule and its resulting economic performance. The
influence of these factors is quantitatively described within the context of the operating
parameters of the former Ceatech USA, Inc.
We have demonstrated that application of this model could potentially increase the
profitability of multi-pond, multi-cycle shrimp farming operations. We also have
developed a document similar to a user’s guide. Due to the present situation of
Ceatech USA, Inc., we have attempted to scale down the present model for
implementation by small-scale operations. In addition, we have also collaborated
with the shrimp program of the Oceanic Institute in adapting the model for optimizing
partial harvesting strategies. Work is also underway in adapting the model to marine
fish culture.
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Feasibility Analysis of Shrimp Waste Processing Alternatives
The goal of the project is to identify different processing alternatives for utilizing
shrimp head and other wastes from shrimp processing in Hawaii. In this part of the
project, we present results of the research with regards to available technologies
of utilization, taking into consideration scale and volume of shrimp waste available
from production in Hawaii.
We reviewed published and unpublished sources. We made direct contacts with
shrimp waste byproducts companies. Information was presented from published
documents as well as from the personal communications with shrimp waste
byproduct manufacturers.
During the two months of research, we conducted an extensive investigation of
available technologies for shrimp waste utilization to determine optimal method(s)
of utilization of shrimp waste for the local aquaculture industry. The objective was
to find an economically viable approach for waste stream utilization, taking into
account environmental issues.
Numerous approaches to utilization of shrimp waste byproducts were identified, and a
number of methods of byproducts preparation were described. Potential sources and
volume of shrimp waste were determined, and necessary assumptions have been made.
This information will be used to choose an optimal technology for waste utilization,
taking into consideration possible scale of operations, potential applications of byproducts,
economics, and market perspectives for final products. Critical factors in economically
viable recovery and utilization of shrimp waste were determined.

Development of New Technologies
Marine Ornamentals Phase II: Techniques for Large-scale
Production of Pygmy Angelfish
This project is the second phase of ongoing work targeting the development of new
culture techniques for difficult-to-rear ornamental coral reef species in Hawaii and the
Pacific. The rationale for developing new culture techniques for difficult-to-rear marine
ornamental fish in Hawaii was the economic potential of a larger, more diversified
ornamentals sector, focusing on high-value tropical reef species. Also recognized as an
important selling point for the developing industry was the positive perception of cultured
versus collected reef fish among an increasingly environmentally aware customer base.
Initiated in January 2004, this project targeted the development of large-scale
production methods for flame angelfish, the transfer of those methods to the industry,
and an assessment of the commercial feasibility of culture operations. This work
got off to a slow start after storm damage to the Doherty Research Hatchery
December 2005 n
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facility at the Oceanic Institute, and recurrent disease issues brought slow progress
in scaling up flame angelfish broodstock populations.
However, these initial obstacles have been overcome successfully through the
commissioning of improved quarantine and broodstock holding systems and a switch
from water derived from shallow saltwater wells to sterilized ocean water. The
switch in source waters has clearly resulted in a dramatic improvement in daily
fertility rates, with more than a dozen flame angelfish pairs now spawning on a
regular basis. Still, egg viability continues to be a key area of focus for upcoming
broodstock holding and larval rearing trials.
In parallel with broodstock efforts, continual progress is being made in the
development of live prey culture methods for rearing flame angelfish larvae. Over
the report period, we also began transferring marine ornamental and copepod
culture technologies through three activities: a workshop on the use of copepods
for culturing Hawaiian marine finfish, a presentation on yellow tang culture technology,
and a new HPU undergraduate course.
Aquaculture of Marine Invertebrates for the Marine Ornamental Trade
The ultimate goal of this three-year project is to develop technologies that could
result in the artificial propagation of the feather duster worm. The intent is to decrease dependence of the ornamental trade on wild-caught worms and create new
enterprises that could help diversify Hawaii’s economy. We have not yet achieved
natural spawning of captive broodstock, but project work group members have
been successful in developing a means for the induction of spawning.
Investigations carried out under this project have also resulted in a large body of
information about many aspects of the life history of this worm. We have determined the following facts that were previously unknown: the species is a protandrous
hermaphrodite, has a peak spawning period between the months of October and
December, and has a very short larval stage. Preliminary results from the larval
settlement trials that we’re conducting this year indicate that worm density may
reach more than 1,800 individuals per square foot. These results indicate that the
commercial production of feather duster worms is within the grasp of the project
work group. A focused effort, however, will be needed to see that this desired
outcome can be achieved.
Pacific Threadfin Fingerling Transport Technology Development
With the startup of large-scale offshore culture operations, the demand for fingerlings
has already increased 10-fold, with current demand approaching two million
fingerlings per year, and the expected expansion of operation size and number of
commercial ventures is likely to further increase fingerling demands. One area in
need of attention is the requirement to move large numbers of fingerlings between
commercial sites, such as from hatchery to growout facilities.
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This project initiates research to establish and optimize fish transport protocols for
Pacific threadfin fingerlings. Year 1 of this project focused on establishing critical
baseline performance data for Pacific threadfin fingerlings during transport over a
range of densities (10 to 50 g fish/L) and time periods (up to 8 h). Results clearly
demonstrated a strong relationship between density and fish survival, with good
survival (>95%) at 10 g/L and increasing mortality rates as transport densities
increased.
Through a preliminary trial, we also determined that pre-oxygenation of water in
transfer buckets and initial flushing (to remove mucous and scales associated with
fish transfer to the transport containers) were both critical to prevent large initial
mortalities. With remaining fingerlings we also conducted a preliminary trial
examining the potential of transporting larger (25g) juveniles. The surprise finding
was that the larger fish exhibited notably less scale loss and mucous secretion,
resulting in 100% survival at densities as high as 60 g/L. Better understanding the
developmental changes in handling response may prove valuable in determining
the optimal size for transport to offshore cages and may facilitate air shipment of
large fish.
The final trial under this study began examining potential methods of increasing the
number/density of fish transported in open systems through manipulation of
transport temperature, salinity reduction and use of anesthetics to lower metabolism
and reduce water quality deterioration. Results from the first trial had higher survival
rates than expected but also demonstrated beneficial effects of fish handling under
light anesthesia in terms of reduced ammonia production and increased survival.
Unexpectedly, lower water temperature during shipping resulted in high rates of
mortality and, thus, may not be an applicable method for this species.
The second year of this project will also focus on further refining shipping protocols,
field-testing and commercial implementation of procedures in collaboration with a
commercial operation and transfer of results to the local aquaculture community.
Amberjack (Seriola rivoliana) Nursery Fingerling Production
This project has experienced long-term delays. Captive kahala (otherwise known
as amberjack) broodstock has failed to yield viable eggs, and mortality events
have occurred at the Oceanic Institute’s Pilot Production Hatchery facility.
Post-harvest Handling and Storage of Limu
This project is attempting to determine if various treatments will help maintain the
quality and extend the post-harvest life of harvested limu. The optimal storage
temperature for Gracilaria salicornia is between 15 oC to 17 oC in the dark.
This storage temperature maintained quality but did not extend limu’s shelf life.
The two-minute and 60-minute post-harvest dips in calcium, ammonium, and
nitrate did not extend shelf life. Results from high-pressure processing suggested
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that pressures as low as 100 Mpa would lead to loss in thalli color and cell membrane integrity. Treating limu with hot seawater at 42 oC for five minutes was
beneficial in maintaining limu appearance and extended post-harvest life. We are
now conducting further testing to determine the temperature ranges and treatment
times that give the maximum effect. It is also possible that heating may facilitate the
effectiveness of calcium application after harvest.
Development of Cost-Effective, High-performance Feeds for Chinese
Catfish (Clarius fuscus)
Which feed is best for Chinese catfish? The answer to that major question has
remained elusive for Chinese catfish producers. In particular, farmers would like to
know the critical nutritional parameters so as to be able to choose a feed that
would support good growth performance for this species. This project, as stipulated
by CTSA, is not “an academic nutritional study.” The overall goal of this project is
to improve production efficiency and increase the overall production of Chinese
catfish statewide. This goal is to be achieved by identifying the most cost-effective
commercial diet for use in the culture of this species.
This project has been in progress for only a month and is currently challenged by
the uncertainty of the co-investigator’s position. Dr. Tacon is one of the finalists for
the Aquaculture Coordinator’s position at the University of Hawaii. If he were to
fill the position, his share of the duties would fall on the PI, Dr. Tamaru, who is
responsible for completing all project objectives.

Demonstration and Adaptation of Known Technologies
Evaluation and Propagation of Tilapia Strains for a Self-Sufficient
Tilapia Industry on Guam
The overall goal of the project is to determine the best variety of tilapia to utilize in
the commercial development of a tilapia hatchery in Guam. Currently, an amount
in excess of 300,000 pounds of tilapia is produced and marketed locally in Guam.
Increased interest from the neighboring islands of the Commonwealth of the Northern Marianas Islands (CNMI) has prompted this collaborative project.
This project will evaluate the breeding potential of five strains of tilapia. We will
combine the outcome with the results from the Year 1 growout trials – all in an
effort to determine the best variety for serving as the nucleus of a tilapia hatchery
and providing sufficient fry for Guam farmers. Professionals from the CNMI will
travel to Guam during the peak of the project to observe and train on the set-up
and breeding protocols developed for the Guam tilapia hatchery. These profes-
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sionals will then return to the CNMI and establish tilapia hatcheries to satisfy the
demand of their local aquaculture industry.
To date, this project has satisfied one of the objectives of the project. Goal 1:
Establish a raceway-based hatchery at the Guam Aquaculture and Development
Training Center (GADTC) with the broodstock matured during the first year. We
have designed a hapa-based system for the raceways at the GADTC. We have
also acquired a permit to use the necessary drug to produce all-male tilapia juveniles for stocking commercial ponds.
Improved Stocks and Management Practices for Commercial
Tilapia Culture in Hawaii and the Pacific
This project aims to improve the quality and availability of stocks for commercial
tilapia culture in Hawaii. In general, stocks have gone unmanaged for maintenance
of genetic quality, and so they have deteriorated to the point of showing suboptimal growth, survival, and fry production. Also, external sources of fingerlings
that can be stocked are distant, expensive, or unreliable for access. These constraints
will be addressed by demonstrations and practical growth experiments.
Most of the project activities take place at the farm facility of the aquaculture
program at the University of Hawaii at Hilo (UHH). Just one month into the project,
we have established a tilapia project working area at the farm, including shared
space in the laboratory and greenhouse. We have obtained a state import permit
for juvenile blue tilapia (Oreochromis aureus) and have made contact with a
supplier on the U.S. mainland.
Sturgeon Aquaculture in Hawaii
Farmers in Hawaii attempting to import species of Russian sturgeon have
observed considerable variability in egg quality and have had problems with first
feeding of larvae and difficulty finding acceptable foods for fingerlings as well
(Takata, pers. comm. 2002). Animals that have been cultured in Hawaii for the
past 10 years have exhibited very encouraging growth rates, but attempts at
induced spawning and reproduction have yet to be completed. Therefore, the
feasibility of closing the lifecycle of sturgeon in Hawaii is not yet known.
The overall goal of this project was to build from the results from Year 1 of the
sturgeon project and to improve larval and fingerling survival, as well as evaluate
the efficacy of techniques for sexual determination.
In the end, however, we were unable to obtain any egg-sac larvae, fry, or fingerlings.
Thus, no project objectives were accomplished.
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Intensive Microalgae Production
The mass production of microalgae is a critical and often rate-limiting step for
aquaculture operations throughout the state. This project will evaluate bioreactor
systems (for mass algal production) that incorporate advances in controlled algal
production technology yet maintain relative simplicity of design and operation.
With a start date of September 1, 2005, the project was only recently initiated.
Work has begun with the development of an industry survey for dissemination to
industry members of the Hawaiian Aquaculture Association (HAA) to determine
algal production requirements. In addition to this work, the water treatment system
for our prototype algal bioreactor is being redesigned to provide greater sterility to
the unit. Upcoming work will generate a current review of available algal bioreactor
systems, and then we will complete and begin evaluating the pilot-scale production
system.
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A Look Ahead at Year 19
Development
The development of the Year 19 program began in January 2005 with a call for preproposals that was based on the priorities identified by farmers and researchers in the
region. The IAC and TC reviewed and selected the submitted pre-proposals that
would aid industry development. Out of the 22 pre-proposals received in response to
the call, CTSA requested seven applicants to submit a full proposal.
Besides those seven proposals, the Year 19 Plan of Work includes support for a
national conference and a proposal for Year 2 of a project on tilapia aquaculture.
Thus, the Center’s staff will forward nine proposals, in addition to the PRAISE
and Publications proposal, to the Board of Directors for approval in January 2006
as the Year 19 Plan of Work.

Proposals
1. Bioprocessing Pacific Island Byproducts for Production of Value-added Feed
Ingredients
2. Development of DNA Markers for Pacific Threadfin Aquaculture
3. Improving Outputs in the Commercial-scale Production of Swordtails
in Hawaii
4. Evaluating Alternative Diets for the Harlequin Shrimp (Hymenocera picta)
5. Risk Assessment to Identify Potential Shrimp Virus Impacts in Hawaii and
Development of Biosecurity Protocols
6. Developing Bivalve Culture to Diversify and Position Hawaii as a Supplier
of Safe, Premium, Edible Shellfish Products
7. Seedstock Transportation and Spawning Synchronization in Sturgeon
8. Improved Stocks and Management Practices for Commercial Tilapia Culture
in Hawaii and the Pacific Region, Year 2
9. National Aquaculture Extension Conference
10. Pacific Regional Aquaculture Information Service for Education (PRAISE)
and Publications, Year 2
December 2005 n

21

Eighteenth Annual Accomplishment Report

Review
In July 2005, 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 September 23, 2005. The IAC chair will present the proposals to CTSA’s Board of
Directors for approval on January 24, 2006. CTSA staff will incorporate these
proposals into the Year 19 Plan of Work and will submit this Year 19 Plan of
Work to the U.S. Department of Agriculture Cooperative State Research,
Education, and Extension Service for final approval.
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Progress Reports
Individual summaries of the principal accomplishments of the active projects during 2005 are
presented on the following pages. The reports detail each project’s funding, participants,
objectives, anticipated benefits, progress, work planned, impacts, and publications. For
information and results from projects in previous years, go to the Annual Accomplishment
Report for the correlating year.
Publications, Information, and Library (PRAISE)
[also Publications, Year 14 and Pacific Regional Aquaculture Information
Service for Education (PRAISE), Year 16]

Page 25

Disease Management in Hawaiian Aquaculture, Years 10 and 11

Page 33

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)

Page 43

Aquaculture Extension and Training Support for the U.S.-affiliated
Pacific Islands with Special Emphasis on Hatchery Propagation of the Blacklip Pearl Oyster (Pinctada margaritifera), Year 15

Page 49

Economic Feasibility for Freshwater Ornamental Fish Growers in Hawaii
to Market Their Products Directly to West Coast Retailers

Page 59

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

Page 69

Feasibility Analysis of Shrimp Waste Processing Alternatives

Page 75

Marine Ornamentals Phase II: Techniques for Large-scale Production
of Pygmy Angelfish, Year 1

Page 79

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

Page 89
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Pacific Threadfin Fingerling Transport Technology Development,
Years 1and 2

Page 97

Amberjack (Seriola rivoliana) Nursery Fingerling Production,
Year 1

Page 107

Post-harvest Handling and Storage of Limu, Year 1

Page 111

Development of Cost-effective, High-performance Feeds for Chinese
Catfish (Clarias fuscus)

Page 123

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

Page 127

Improved Stocks and Management Practices for Commercial Tilapia
Culture in Hawaii and the Pacific Region – Hawaii Component, Year 3

Page 131

Sturgeon Aquaculture in Hawaii, Year 2

Page 137

Intensive Microalgae Production, Year 1

Page 141
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Publications, Information, and
Library (PRAISE)
also Publications, Year 14 and Pacific Regional Aquaculture
Information Service for Education (PRAISE), Year 16

General Information
Reporting Period

January 1, 2004–June 30, 2005 (PRAISE, Year 16, final report)
April 1, 2004–June 30, 2005 (Publications, Year 14, final report)
April 1, 2005–September 30, 2005 (Publications, Information, and Library)

Funding Level
Publications

Year
1
2
3
4
5
6
7

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
PIL
$49,676
TOTAL $380,232

PRAISE

Year
1
2
3
4
5
6
7
8

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
PIL
$25,000
TOTAL $369,880
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Participants

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

Objectives

Publications
1. Inform educators and industry members of pertinent aquaculture information,
and update them on the status of aquaculture in the region through various
forms of media.
2. Inform the aquaculture community and interested parties of the progress of
CTSA projects in relation to our mission through the dissemination of our and
other publications.
PRAISE
Year 16
1. Create the chapter template and gather the basic information for Volume 9:
Synopsis of Culture Techniques of the educational series on aquaculture
techniques under development by the faculty at the University of Hawaii at
Hilo (UHH).
2. Establish and maintain a listserv for Pacific aquaculture.
3. Continue to provide established services.
4. Technology transfer.

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

Anticipated Benefits
Publications
The main benefit of this project is that CTSA publications and the efforts of its
administrative staff function as a nucleus for information exchange between the
aquaculture industry and ongoing research programs by disseminating the results
of CTSA projects and other aquaculture-related information throughout the region.
PRAISE
PRAISE directly affects the aquaculture industry at many levels. Farmers, students,
and researchers can quickly access information they need to support their work.
Local industry advocates and state employees have utilized PRAISE to gather
supporting documentation and research assistance to facilitate the permitting system
for aquaculture. PRAISE staff provides educational support and teaching to increase
information literacy.

Work Progress and Principal Accomplishments
Publications
Objective 1: Inform educators and industry members of pertinent
aquaculture information, and update them on the status of
aquaculture in the region through various forms of media.
The quarterly Regional Notes newsletter was published in June, September and
December 2004, as well as March and June 2005. The September 2005 issue of
the newsletter was not published, since the position of publications specialist was
vacant from May through late September 2005.
Articles highlighted various aquaculture-related events in the region, provided CTSA
program updates, reported on the Executive Director’s trips to Hilo and the
Commonwealth of the Northern Mariana Islands (CNMI) and the Board of
Director’s first semi-annual meeting in Guam, offered insights into research at the
Oceanic Institute and information about a College of Micronesia Land Grant pearl
project.
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The revised Procedures of CTSA manual was published and distributed in April 2004.
The project staff also has 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.
The project staff has completed the 2005 Annual Accomplishment Report and is
currently w orking on the Year19 Plan ofW ork.TheRegional Notes featured
articles on CTSA’s Black-lip Pearl Oyster, Pacific Threadfin, Disease Management,
Aquaculture Extension and Training Support, and Freshwater Ornamental projects.
The project team participated in editing and formatting one publication, CTSA
Publication No. 151, Direct Marketing Hawaii’s Freshwater Ornamental
Aquaculture Products, which is available on our Web site (www.ctsa.org) and in
printed form as a 15-page Aquafarmer Information Sheet.
Project staff responded to requests from throughout the CTSA region and the
continental U.S. for CTSA publications and manuals. Project staff also acted on
regional requests for publications published by other RACs.
PRAISE
Year 16
Objective 1: Create the chapter template and gather the basic
information for Volume 9: Synopses of Culture Techniques of the
educational series on aquaculture techniques under development
by faculty at the University of Hawaii at Hilo (UHH).
This objective has not been met. The flood mentioned in the Executive Summary
resulted in the loss of the PRAISE server and the work stored on it. Some data
was backed up; some of it has to be recreated. The server was replaced in early
June 2005, and the staff is working to restore files. The work will be done as we
can get to it.
PIL
Objective 1: Collect data to support the educational series on
aquaculture techniques that te UHH faculty is developing.
This objective is ongoing.
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Year 16 and PIL
Objective 2: Etablish and maintain a listserv for Pacific aquaculture.
We created a listserv and continue to maintain it. The listserv was underutilized, so
we have tried a different setup. Two new lists have been created to facilitate
communications for CTSA’s Industry Advisory Committee and Technical
Committee. All members of both committees have been subscribed.
Objective 3: Continue to provide established services.
The PRAISE staff continues to offer established services. The PRAISE assistant
has kept the PRAISE Web site up-to-date with the latest industry news and
employment information. We have expanded the “Find-it-yourself” section, and
we are now working to make it more user-friendly. We continue to fill search
requests and document delivery to the U.S.-affiliated Pacific Islands. We explain
the impacts are in the following section. The PI and the Agriculture Development
in the American Pacific (ADAP) librarian work closely with librarians in the Pacific
to promote services and education. Between the two of them, they make at least
one site visit to the Pacific every year. We are striving to assist in developing
affordable resource sharing within the region.
Due to changes in CTSA policy, for the first time since this project’s inception, no
funding year overlap was allowed. As a result, during the time between the end of
PRAISE, Year 16 and the beginning of the Publications, Information, and Library
grant, the project assistant did not work for a month and a half. Only minimal service in
document delivery could be provided as the principal investigator (PI) had time.
Objective 4: Technology transfer.
The PRAISE staff is investigating how to build resources that would benefit the
region and looking for content that is in demand. As part of the Gray Literature
project, we continue to pursue copyright clearance for documents already listed.
This project had been interrupted by the flood but has resumed.

Work Planned
Publications
The staff will produce and publish the December 2005 and March 2006 issues of
the quarterly newsletter. The December 2005 issue will be a double issue to make
up for the missed publication in September. The team will work to upgrade the
quality, depth and breadth of its information services with the goal of making Regional
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Notes the premier authority on aquaculture in the Pacific. Staff will also maintain
the Web site and finish both the 2005 Annual Accomplishment Report and the
Year 19 Plan of Work. The project team continues to look for sources to write an
article on the traditional practices of aquaculture in Hawaii or a related subject.
PRAISE
PRAISE staff will be gathering data for UHH. Hiring of an assistant is planned to
provide technical support for file transfer to upgrade the website. Both assistants
will be working on digitizing documents for the grey literature bibliography.
As a recommendation for follow-up activities for PRAISE, Year 16, we point to two
bodies of information would prove valuable for the regional aquaculture community if
they were available electronically: 1) the papers of the University of Hawaii’s Marine
Option Program and 2) documents pertaining to Hawaiian fishponds. Digitization of
these papers would be a great contribution to the research world.

Impacts
Publications
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, ultimately, the American economy.
PRAISE
The dollar value of the PRAISE service is staggering. Based on rates one would
pay to the information industry’s major suppliers (Dialog Information Service, Inc.
for access to ASFA, plus document delivery charges based on the average cost
per article from Ingenta, Inc.), we present below the dollar value for our primary
service:
Year 16
29,008 queries, averaging 3 minutes each, or:
1,450 hours online @ $60/hr. = $ 87,000
1,312 articles @ $18.00 ea. = $ 23,616
Total $110,616
Replying to 646 requests for direct assistance, we responded to 4,985 queries via
e-mail to PRAISE patrons. The 1,312 articles represent 17,234 pages delivered
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almost exclusively by e-mail. In addition, the staff responded to 354 miscellaneous
requests. The PRAISE Web site is a bonus; it allows users to make requests
online, publicizes research done in the Pacific via the Gray Literature Bibliography
and gives local vendors a venue to advertise themselves to the world.
PIL
1,774 queries, averaging 3 minutes each, or:
88.7 hours online @ $60/hr. = $ 5,322
46 articles @ $18.00 ea. =
$ 828
Total $ 6,150
Replying to 24 requests for direct assistance, we responded to 137 via e-mail to
PRAISE patrons. The 46 articles represent 590 pages delivered exclusively by
e-mail. In addition, the staff responded to two miscellaneous requests. The PRAISE
Web site is a bonus; it allows users to make requests online, publicizes research
done in the Pacific via the Gray Literature Bibliography, and gives local vendors a
venue to advertise themselves to the world.

Publications in Print, Manuscripts, and
Papers Presented
Publications
None to date.
PRAISE
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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Disease Management
in Hawaiian Aquaculture,
Years 10 and 11
General Information
Reporting Period

December 1, 2003–December 31, 2004; no-cost extension through
May 31, 2005 (Year 10, final report)
December 1, 2004–September 30, 2005 (Year 11)

Funding Level

Year
1
2
3
4
5

Participants
Years 10 and 11

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
11
$100,000
TOTAL $741,502

Teresa Lewis, Ph.D., Assistant Researcher
Hawaii Institute of Marine Biology (HIMB), University of Hawaii at Manoa
Dee Montgomery-Brock, Ph.D., Aquatic Health Associate
Aquaculture Development Program, Hawaii Department of Agriculture

Year 10 only

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

Objectives
Year 10
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
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for Pacific threadfin (moi) and initial characterization of Pacific threadfin (moi)
antibodies. We plan to publish the initial findings from this research in a short article
in the CTSA Regional Notes newsletter.
Year 11
1. Generation of Cryptocaryon irritans expression libraries and initiate
immunization/challenge trials in Pacific threadfin (moi). (The final Objective in
this project will be performed in Year 12): Identification and characterization
of antigens in the efficacious vaccine fractions and characterization of the
antibody response in moi against C. irritans).
2. Identify the etiologic agent resulting in high mortality of juvenile Chinese catfish
(Clarius fuscus).
3. Establish continuous cell lines for three fish species, Greater amberjack (Seriola
dumerili), flame angelfish (Centropyge loriculus), and Chinese catfish
(Clarius fuscus) for viral and rickettsial disease diagnostics in cultured and
wild populations of fish.
4. Provide on-site workshops with individual aquaculture farmers in the area,
examining water quality and general fish health.
One additional item was added to the ADP component of the Year 11 project.
No additional funding is associated with this item.
6. Secure and improve the reputation of Hawaii SPF shrimp with the creation of
a State of Hawaii SPF shrimp plan.

Anticipated Benefits
The development of a vaccine that is protective against C. irritans will be of great
benefit to marine aquaculture as this parasite is very problematic for many saltwater
species of fish. Currently, the only way to treat fish is by chemical treatment,
freshwater dips (for certain tolerant species) and time-consuming tank treatment
and rotation. Once we identify which proteins produced by the parasite are the
most immunogenic, we will strive to produce a vaccine that is inexpensive and
easy to administer (i.e., immersion vaccine).
Few cell lines currently are available that will support the growth of fish viruses
specific for Hawaiian aquaculture species. Establishment of cell lines for amberjack,
flame angels, and Chinese catfish will greatly increase the disease surveillance/
diagnostic capability for these species.
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System/stock assessments provided through ADP give an individualized study of
each aquaculture system. These studies benefit farmers more than group workshops,
as individual issues and concerns can be addressed at the time of each site visit.

Work Progress and Principal Accomplishments
Year 10
Objective 1: 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.
Year 11
Objective 1: Generation of Cryptocaryon irritans expression
libraries and initiate immunization/challenge trials in Pacific
threadfin (moi). (The final Objectives in this project will be
performed in Year 12): Identification and characterization of
antigens in the efficacious vaccine fractions and characterization
of the antibody response in moi against C. irritans).
We determined that the free-swimming form of the parasite (theront) is the most
immunogenic stage of the parasite, therefore the best suited for development of the
expression library. This form of the parasite possesses cilia; these cilia facilitate the
establishment of infection on the surface of fish as the parasite moves across the
surface actively feeding and, then, as it embeds itself into the fish surface, forming
a trophont.
Using an immobilization assay originally developed for Ichthyopthirius multifiliis,
we have confirmed that serum (containing antibodies) from control fish do not
immobilize C. irritans theronts while serum from fish that were infected and then
resolved the infection actually inhibit ciliary motion of the parasite (Figure 1). The
fish immunized earlier in the year with theronts are still protected against re-infection
with C. irritans five months later (experiment ongoing).
The first five samples in the graph represent the control fish and, as illustrated on
the next page, none of the fish were capable of immobilizing the parasite. The
second five bars represent the percent of theronts immobilized by serum samples
from fish immunized against C. irritans. For the immunized group, an overall
average of 97% of theronts were immobilized. The significance of this result is the
fact that if the parasite cannot move freely with ciliary action, it is not going to be
capable of establishing an infection on the skin surface or gills of fish.
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Figure 1. Immobilization Assay
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Comparison of C. irritans theronts co-incubated with tilapia serum (A) from control
fish that have never been exposed to C. irritans and (B) from fish who have
recovered from a previous C. irritans infection, resulting in clumping of the cilia or
immobilization of parasite (note differences in the cilia in the two pictures below):

A. Free-swimming theront

B. Immobilized theront

Mr. Ichiro Misumi is a Ph.D. student working on this project, and one of his first
accomplishments was to develop a technique to maintain parasites in vitro, thus
providing us a source of parasites for extended periods without having to maintain
parasite infected fish. Genomic DNA (gDNA) has been isolated from
Cryptocaryon, and two attempts have been made to produce an expression library
for this parasite. Using a commercially available expression library kit, gDNA was
digested with a restriction enzyme to produce 1-3 kB size fragments and then
ligated into an expression vector. After transforming E. coli with the recombinant
vector, we screened for positive clones using a colony blot protocol provided by
Qiagen (Figure 2).
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Figure 2. Colony blot of recombinant E. coli after co-incubation with immunoblot
reagents (A) Negative blot with no apparent colonies (B) Positive blot in which
colonies expressing control protein are visualized as dark spots on the blot.

Unfortunately, no protein products were expressed other than the positive control
provided with the kit.
Although we have collected serum (plus baseline control serum samples for
reference) from other Hawaiian species (tilapia and sergeant majors) that have
been experimentally infected, we have not yet conducted any large-scale
experiments using moi. Initially, this work was delayed due to the renovation of the
wetlab we use to house these fishes. Also, the tilapia were readily available and
cultured at HIMB in freshwater to ensure they had never been infected with C.
irritans until we challenged them with the parasite. The commercial availability of
a monoclonal antibody against tilapia IgM was another reason tilapia were used in
these initial studies, as it allows us to perform immunoblot analysis to begin to
characterize the parasite proteins that interact with tilapia antibodies.
We are now providing filtration and UV sterilization to the flow-through seawater
such that fish can be maintained. We obtained moi from the Oceanic Institute
hatchery in June 2005 and housed them in filtered, UV-sterilized water to keep
them parasite-free. We will infect a small number of these fish (n=10) by cohabitation
with C. irritans-infected mollies to confirm their susceptibility to parasite infection
and to allow us to identify the amount of time it generally takes to initiate infection
in controlled conditions.
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In the summer of 2005, two summer interns (sponsored by a UH-Manoa Marine
Science Undergraduate Research Fellowship and a Howard Hughes Medical
Institute Undergraduate Fellowship) assisted with the project, and the project was split
along two separate tracks. The expression library construction was undertaken a third
(and final) time by one student, and the other student was assigned to identify and purify
any C. irritans proteins that were reactive with immunized fish antibodies. The expression
library construction was unsuccessful, and we believe this DNA approach may have
failed due to the unique codon usage that occurs in ciliates.
To identify possible immobilization antigens (i-antigens) from the parasite,
Cryptocaryon theronts were sonicated in a buffer containing protease inhibitors
and then assayed for total protein concentration. In other ciliates, both free living
and parasitic, i-antigens have been identified ranging from 30-60 kDa. We hoped
to identify one or more i-antigens from C. irritans in this same range.
The proteins were separated electrophoretically on a gel (by molecular weight) and
then transferred to a PVDF membrane. Immunoblotting was performed to see which
protein(s) fish antibodies recognized and whether this protein was found in samples
from immunized fish as well as control fish. A 30 kilodalton (kDa) molecular weight
protein was observed to be immunoreactive with fish antibodies from the immunized
fish and not recognized by fish antibodies in the control fish (Figure 3).
Figure 3. A) Immunoblot of the proteins of C. irritans when incubated with fish
serum from an immunized fish. The left lane of the membrane contains a dualcolor, pre-stained, broad range protein standard. The approximate sizes of the
protein bands (kDa) are labeled against the left side of the membrane. The lane
adjacent to the molecular weight standard contains the non-reduced proteins of C.
irritans, with a prominent band reactive at approximately 30 kDa (arrow). B)
Immunoblot of the proteins of C. irritans when incubated with fish serum from a
freshwater (control) fish. The left lane of the membrane contains a dual-color, prestained, broad range protein standard (same as in 3A.). The adjacent lane contains
the non-reduced proteins of C. irritans. The 30 kDa band seen in Figure 3A is
not present in this sample from a control fish.
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The C. irritans vaccine development project is continuing into Year 11 of the
Disease Management project, and we are currently working to purify enough of
the 30 kDa C. irritans protein for vaccination/challenge trials and for protein
sequencing in preparation of producing a recombinant sub-unit vaccine by this
method.
Objective 2: Identify the etiologic agent resulting in high mortality
of juvenile Chinese catfish (Clarius fuscus).
Numerous site visits were made to the facility where this disease was previously
responsible for high mortality among catfish populations. However, we have not
been able to find fish displaying clinical signs of this disease. Some fish from the
facility were sacrificed in the hopes of detecting the agent for this disease. However,
all were negative by gross exam, histopathology, and bacteriology.
Objective 3: Establish continuous cell lines for three fish
species, Greater amberjack (Seriola dumerili), flame angelfish
(Centropyge loriculus), and Chinese catfish (Clarius fuscus) for
viral and rickettsial disease diagnostics in cultured and wild
populations of fish.
The funding for Year 11 (HIMB component) was released in August 2005. In
addition to continuing the Cryptocaryon work, we are just now initiating experiments
to establish cell lines from amberjack, flame angel, and Chinese catfish.
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Objective 4: Provide on-site workshops with individual
aquaculture farmers in the area, examining water quality and
general fish health.
Summary of CTSA/ site visits conducted July–September 2005:
Number of aquaculture sites visited:

8

Number of water quality tests conducted:

272

Number of wet-mount microscopic exams:

68

•
•
•
•

Of the eight sites visited, four of them are on the island of Hawaii.
Four of the sites visited were in the business of culturing ornamental
fish.
Three of the sites visited were in the business of raising fish for human
consumption.
One of the sites visited is in the business of raising crawfish for human
consumption.

We plan two more site visits for the month of November 2005.
Objective 5: Secure and improve the reputation of Hawaii SPF
shrimp with the creation of a State of Hawaii SPF shrimp plan.
Preliminary work has been started in this area, in the form of a letter requesting
feedback from the growers of Hawaii SPF shrimp.

Work Planned
We are currently in the second year of vaccine development, focusing on the
Objective outlined in the Disease Management in Pacific Aquaculture, Year 11
proposal. Although we have been unsuccessful in generating an expression library
for Cryptocaryon, using a different method we have identified an immunoreactive
parasite protein from immunized fish that is a putative immobilization antigen. This
protein is currently being isolated and purified for use in immunization/challenge
trials and will also be sequenced. We anticipate that this work will be completed
by early November and full-scale immunization/challenge trials will be initiated as
soon as the purified protein is available.
Once the protein is sequenced, and if we see significant protection from the
immunization trials, we hope to be able to produce a recombinant protein suitable
for use as a sub-unit vaccine. In the interim, we have immunized a small number of
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moi with live theronts (as described above for tilapia) and plan to challenge them
monthly (starting November 2005) to determine how long protection against the
parasite is conferred in this species as well as characterize the antibody response
against C. irritans in moi.
All in all, project results reveal that fish can clear an infection with C. irritans and
retain immunity against the parasite for a period of time. This supports the hypothesis
that a successful vaccine can be developed against this economically significant
fish pathogen.

Impacts
Cryptocaryon irritans possesses very broad host specificity and has caused
significant disease problems in many fish species in marine aquaculture and in private
aquaria. Therefore, it is of concern to essentially all marine finfish aquaculture
endeavors in Hawaii. Development of an effective vaccine will be beneficial to
both edible and ornamental finfish trades by limiting the losses that traditionally
occur due to Cryptocaryon in cultured fish populations.
Currently, the main diagnostic cell lines used for fish virus diagnostics are derived
from carp and salmon. Viruses that thrive in other species often cannot be cultured
in these cell lines. Therefore, development of cell lines for other locally important
aquaculture species will greatly enhance our ability to diagnose viral pathogens.
In terms of financial impacts from the ADP component, a local producer saved approximately $8,000 during an outbreak of an ectoparasite disease detected during
clownfish health exams conducted as part of a CTSA-funded site visit. (Dollar figure
supplied by owner. Dollar figure based on the fact the producer experienced a high
mortality previous to treatment and zero mortality post-treatment.)

Publications in Print, Manuscripts, and
Papers Presented
Montgomery-Brock, Dee and Clyde S Tamaru. Weighing the risks of imported
commodity shrimp to Hawaii’s SPF shrimp industry. USMSFP Industry
Briefs, 11(2).
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.
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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. 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.
The student on the project, Mr. Ichiro Misumi, presented an overview of the
expression library immunization strategy and how it may prove efficacious for
aquacultutre vaccine development at the World Aquaculture Society meeting held
in Honolulu, HI, in March 2004.
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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–December 31, 2004; no-cost extension through
June 30, 2005 (final report)

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
Quentin Fong, Ph.D.
University of Alaska Fairbanks at Kodiak

Objectives
1. Improvement of hatchery and nursery methods
2. Pearl oyster population genetics

Principal Accomplishments
Improvement of Hatchery and Nursery Methods
The high cost of hatchery production of black-lip pearl oysters, coupled with
chronically poor survival in the early stages of the ocean nursery stages of farming,
led to an investigation of the practicality of simple, land-based nursery techniques
outlined in Objective 1 of this study. The work was conducted at a small, costeffective pearl oyster hatchery based at the Pohnpei Agriculture and Trade School
(PATS)/MERIP Marine Laboratory in Pohnpei, FSM, by researchers from MERIP
and PACRC/UH-Hilo. Dr. Fong, University of Alaska, directed economic analysis.
Findings from this study show that keeping spat for three weeks in a land-based
system significantly improved survival, while it did not affect growth rates of animals,
when compared to a lagoon-based farm in Pohnpei. After three weeks, the growth
rate for farm-raised animals was significantly higher than those in the land-based
system. A simple cost benefit analysis also showed the land-based nursery system
to be economically competitive with ocean farming, primarily due to the high cost
of labor incurred in checking spat for predatory snails on the ocean farm.
These findings have significant impact for hatchery producers and farmers alike
and would lead to a minimum savings of US$13-18,000 per million spat produced,
just in costs saved through improved survival. This figure does not take into account
other positive attributes, such as further improved survival and reduced labor from
stocking spat onto the ocean farms at a larger size.
A second important aspect addressed by this project was that of determining if
pearl oysters in Pohnpei have a spawning season. This knowledge would greatly
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help hatchery managers plan their spawns and farmers plan their grafting services.
The level of pearl oyster gonad maturity was monitored over a period of one year
at three different sites in a Pohnpei lagoon. Results from this study showed a trend
of peak gonad maturity around the period of June–August 2004 followed by lower
maturity in October and a gradual increase in maturity level entering into December
2004 through February 2005.
Animals in spawning condition were found all year round, with the exception of
one sample at one site. This information adds to the growing evidence that P.
margaritifera is a an incomplete spawner and has a reproductive strategy to
spawn throughout the year with peaks around periods of higher food densities that
are usually associated with higher water temperatures. A longer-term study would
be necessary to confirm these trends. Once confirmed, this information is also
useful for the purpose of scheduling pearl oyster grafting, as it is desirable to perform
this operation when the gonads have been recently emptied of gametic material.
Pearl Oyster Population Genetics
The purpose of this work is to gain a better understanding of pearl oyster population
genetics in the Central Pacific. The degree of variability between pearl oyster stocks
found at different islands is significant to the growing pearl oyster industry and
particularly the four pearl oyster hatcheries in Micronesia. Previous work in Australia
and the South Pacific showed that pearl oysters exhibited a significant degree of
genetic variation between sites, which was not always related to geographic
proximity.
Genetic variability may affect pearl quality, color, environmental adaptation, growth
parameters and disease resistance. If Central Pacific stocks exhibit a significant
degree of variability, it would confirm current precautionary recommendations that
pearl oysters (adult or spat) not be transferred between islands (the spread of
disease could also be prevented). Additionally, hatcheries should attempt to use
broodstock from the island to which hatchery-produced spat is destined, so as to
maintain the genetic integrity of each island’s stock. Aside from preserving
biodiversity, this practice could have important commercial ramifications, as it is
known (if not fully understood) that pearl color and quality varies between locales
and that these attributes have a genetic component.
Pearl oyster tissue samples were collected from nine locations in the Central Pacific
and shipped to the Hawaii Institute for Marine Biology, where Dr. Teresa Lewis
conducted genetic analysis. Amplified fragment length polymorphism (AFLP)
analysis was performed to develop a genetic fingerprint. Genomic DNA (gDNA)
was also extracted to identify diagnostic microsatellite loci to identify a genetic
fingerprint for P. margaritifera. This material was submitted to Chatsworth, Calif.based Genetic Identification Services (GIS), which produced four microsatellite
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libraries, and these libraries were screened to identify diagnostic microsatellite
motifs. Additional gDNA samples have been provided to GIS and currently primer
pairs are being specifically designed for the various motifs. Once this work is
complete, a batch run of all gDNA samples will be performed at HIMB in the
EPSCoR core facility, and the data analyzed.
Preliminary AFLP results of these experiments indicate significant genetic differences
between farmed and wild populations of oysters and between oysters from various
locations included in the study. Final results and presentation of these results to
CTSA is projected for October 2005.

Impacts
This work provided solid data on improved hatchery and nursery methods that
will be beneficial to all six pearl oyster hatcheries in Micronesia. Comparison of
land- and ocean-based nursery systems also answered the burning question, what
is the most cost-effective means of rearing spat? High costs have been a major
bottleneck to the regional industry.
All methods and procedures have been clearly documented, one of the first truly
transparent efforts in disseminating hatchery and nursery methods. The pearl hatchery manual originally published in 2002 by a team of specialists funded by CTSA
was revised with updated information from this work and is being distributed to all
major stakeholders in the region (and posted on the UH-Hilo/PACRC Web site).
Information from the gonad study may be helpful in timing hatchery and spat collection efforts, but its utility was limited by the reduction of the original scope of
work for this project from two years to one. A similar effort in the Republic of the
Marshall Islands (RMI), which was also funded by CTSA, has not released its
findings.
The population genetics study and the outreach that accompanied it have helped
increase awareness of the need to protect potential commercially valuable genetic
diversity in pearl oyster stocks. This information will be used to update the “Best
Management Practices for Black-lip Pearl Oyster Culture in Micronesia” (Haws
and Ellis, 2003).

Recommended Follow-up Activities
Future efforts should focus on continuing to improve the economic and production
efficiency of hatchery methods and early growout stages, particularly for small46 n Center for Tropical and Subtropical Aquaculture
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scale, tropical hatcheries. More training and extension is also needed to encourage
and support beginning and established farmers on all phases of pearl production.
The pearl oyster population genetics study should be expanded to include samples
from other locations, particularly the main and Northwestern Hawaiian Islands.

Publications in Print, Manuscripts, and
Papers Presented
Publications
Ellis, S.C., E. Ellis, M.C. Haws and D. Wise. 2005. Hatchery and nursery methods for the black-lip pearl oyster (Pinctada margaritifera) in the Western Pacific. Pacific Aquaculture and Coastal Resources Center, University of Hawaii at Hilo. 75pp.
Ellis, S.C., E. Ellis and M.C. Haws. 2005. Comparison of simple land-based
rearing techniques with traditional lagoon-based nursery methods for Blacklip Pearl oyster spat (Pinctada margaritifera). Regional Notes, a newsletter of the Center for Tropical and Subtropical Aquaculture. June, 2005.
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.
Presentations
Lewis, T.D. and S. Bender. 2005. Population genetics of the black-lip pearl oyster (Pinctada margaritifera). Student presentation at University of
Hawaii Manoa, MSURF internships.
Lewis, T.D., C. Martin, C. Muir, M.C. Haws, S. Ellis, M. Ueanimatang, D. David
and M. Nair. 2003. Population genetics of the black-lip pearl oyster
(Pinctada margaritifera). Abstract and presentation at the World Aquaculture Society Meeting, May 2003.
Lewis, T.D., C. Martin, C. Muir, M.C. Haws, S. Ellis.2003. Population genetics
of the black-lip pearl oyster (Pinctada margaritifera). Student presentation, REU internships, University of Hawaii at Hilo.
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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 15
General Information
Reporting Period

August 1, 2004–July 31, 2005 (Year 15, 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
15
$92,156
TOTAL $1,267,046

Manoj Nair R., Ph.D., Aquaculture Research Scientist
CRE/USDA Land Grant Program, College of the Marshall Islands
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Diane Myazoe, Dean
CRE/USDA Land Grant Program, College of the Marshall Islands
Donald Hess, Chair
Liberal Arts and Science Department, 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
The goal of this project was to assist the development of an economically sustainable aquaculture industry in the U.S.-affiliated Pacific Islands with an emphasis
during the past two years on producing black-lip pearl oyster spat for the pearling
industry in the Republic of the Marshall Islands (RMI). Another goal focused on
training locals in hatchery methodology and pearl farm husbandry. Outlined below
are the specific objectives:
1. Refine spawning and hatchery techniques, and provide a regular supply of
black-lip pearl oyster spat to satisfy industry needs.
2. Improve spat survival and growth during the nursery phase.
3. Collect database on spat growth and survival to update and incorporate into
an already funded cost production model for hatchery propagation and growout
of black-lip pearl oyster spat.
4. Transfer technology by publishing a site-specific black-lip pearl hatchery manual
and by providing extension training and support for black-lip pearl oyster culture.
Conduct workshops in the RMI and other U.S.-affiliated Pacific Islands, such
as Guam, American Samoa, and the FSM.
5. Extension training and support for other commercially important aquaculture
species.
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Principal Accomplishments
The major constraint to industry expansion has been removed, as spat have been
successfully propagated during the period of the project at the Arrak Campus Hatchery of the College of Marshall Islands (CMI). The first hatchery run in June 2003, for
example, produced more than three times the requested needs of settled spat for each
of the two participating commercial pearling companies. The remaining spat were grown
out on the Arrak demonstration pearl farm. After two years, these experimental pearl
oysters at the time of this report have grown large enough (i.e. >100mm shell length)
that they now could be seeded (i.e., a nucleus implanted) to produce cultured pearls.
Thus, we have demonstrated the feasibility of the project to use hatchery-propagated
spat to revive the pearling industry in the RMI.
The above success, however, was not reflected in the almost 0.5 million spat from
the first two hatchery runs distributed to both of the two participating commercial
companies, which claim that almost all of their spat died during initial growout. In
return for providing them with free spat, the companies initially were meant to
provide the project investigators with data on spat growth at different locations.
Given the limited amount of feedback obtained from the companies, the growout
advice provided by the principle investigator apparently went unheeded; the spat
apparently went unattended; and the spat mortality apparently went beyond anything encountered in the investigator’s previous 20 years of experience in growing
out spat anywhere (on 18 other pearl farms in five countries).
Later, at a stakeholders meeting, the companies said that growing out spat “was
too hard,” and they agreed initially to let outer-island communities, interested in
generating an alternative/supplementary income, grow out spat that they would
then buy from the communities. However, towards the end of the first year of this
project, the companies reneged on this agreement, thereby thwarting the outerisland communities’ entree into pearling.
The two companies continued to withdraw support for the project when it became
certain that CTSA funding could not be used to renovate the defunct commercial
hatchery at Woja. At the first stakeholders meeting in April 2003, all had agreed
that for producing pearl oyster spat during the first few hatchery runs, it seemed
more expedient to convert the experimental sea cucumber hatchery at Arrak than
to wait for the Marshall Islands Marine Resources Authority (MIMRA) to take
control of the Woja hatchery and buy the necessary equipment to make it operational again. This equipment was finally ordered more than two years later, and the
Woja hatchery is just now becoming operational in September 2005. Having committed themselves to renovate the Woja hatchery, the companies refused further
project spat, even though the principal investigators (PIs) offered to grow out the
spat to a larger size at the Arrak demonstration farm before distribution to the
pearl farms, i.e., the PIs offered to take on additional responsibility to reduce spat
mortality during initial growout.
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This project can best be termed a qualified success, as the main technical objectives were met, but the vested stakeholders interpreted the outcomes as different
from their expectations.
Objective 1: Refine spawning and hatchery techniques, and provide a regular supply of black-lip pearl oyster spat to satisfy industry needs.
At an April 2003 meeting, industry stakeholders agreed that the former commercially owned hatchery at Woja was in such a state of disrepair that it would be
more expedient to modify the existing sea-cucumber hatchery at the CMI’s Arrak
campus for the project’s first pearl oyster spawning trial and hatchery run. The
initial improvisation culminated in a successful hatchery run in June 2003. The
project scientists produced more than sufficient quantities of settled spat (1.07
million) to meet the immediate needs of existing farmers (the two commercial
companies had each requested 100,000 spat, but each were given some 370,000
settled spat in the initial distribution and some 20 additional bags of spat in a
second distribution upon request several weeks later). The remaining spat provided for experimental research and demonstration at the Arrak pearl farm.
With further modifications (e.g., the addition of an aeration system) and improvements (e.g., the purchase of water heaters and submersible pumps) to the Arrak
hatchery, the project scientists conducted another successful pearl oyster spawning trial on May 15, 2004 that went like “clockwork.” The tens of millions of
fertilized eggs produced was, again, well beyond the carrying capacity of the
Arrak hatchery, and the excess larvae were culled/discarded progressively to
ensure that enough settled spat (small, post-larval pearl oysters) remained at Day
42 (June 30, when the spat had grown to an average size greater than 2.5 mm) to
fulfill the RMI pearl industry’s spat growout needs. The spat (>>100,000 for
each of the two commercial farms, RRE and BPOM) were picked up by the
commercial companies on June 30 and taken to their farms on Arno atoll for
growout.
The comparative “ease” of the second hatchery run resulted from small refinements
and “tricks of the trade” (e.g., light aeration in the larval tanks to aid the planktonic
larvae to swim upwards in the water column as well as to evenly distribute their phytoplanktonic food) incorporated by the experienced PI into his standardized hatchery
protocol (see site-specific manual, in prep.). It should be noted, however, that the
improvements to the site were done “on the cheap,” as everyone initially assumed that
subsequent hatchery runs would take place at Woja once the renovations at that
larger, “purpose-built” hatchery were completed.
The shortcomings of the Arrak hatchery’s “temporary” refit became very apparent during the two major hatchery runs in 2005. Both of these hatchery runs were
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severely curtailed when electrical power surges burnt out the UV sterilization units
(the UV lights are used to “sterilize” incoming seawater during a water change of
the larval rearing tanks), resulting in a major influx of competing protozoans and
unwanted bacteria.
As the commercial companies were so adamant last year in declining our offers of
further spat from our project, we drastically culled the numbers of pearl oyster
larvae and switched back into experimental mode. We determined the growth of
pearl oyster spat kept in the hatchery for a longer period before going to sea for
further growout in order to salvage some information from both these hatchery
runs (please see experimental results below, under Objective 2).
Objective 2: Improve spat survival and growth during the nursery
phase.
The first pearl oyster hatchery run in 2005 was conducted between the spawning
trial on Feb. 10 and April 27 (i.e., 75 days), when the remaining spat were removed from the Arrak nursery tanks and suspended on the longline on the demonstration pearl farm at Arrak. The hatchery run started with more than 6.5 million
eggs released from just five ripe/gravid spawning females. On Day 5, however, a
power surge burnt out the UV light bulbs. We salvaged the run by culling/discarding almost 90% of the larvae (i.e., we suspected that they may have been morbid
if on the tank bottom or swimming weakly near it).
Switching into experimental mode, we saved the larvae swimming near the top of
the water column and later removed them as spat from the hatchery settlement
tanks on Day 45 (at which time the average spat shell length/dorso-ventral length
or DVL was 2.44 ± 0.60mm with a range of 1.70 – 3.37mm; n = 126) to compare spat growth kept in the land-based nursery tanks with spat grown at sea on
the demonstration pearl farm. On Day 75, the DVL of the spat kept in the nursery
tanks was significantly greater compared to the DVL of spat taken to the farm.
The DVL of the spat in the nursery tanks averaged 7.33 ± 1.20mm (range 3.40 –
12.23mm; n = 71), whereas the DVL of spat on the farm averaged 5.42 ± 0.91mm
(range 3.48 – 6.92mm; n = 62).
This size difference seemingly reversed the results of several previous comparisons, where an initial growth spurt was seen when the spat taken to sea encountered more than just the four species of microalgal food in the limited diet of their
hatchery counterparts. In this experiment, however, the incoming seawater was
only filtered down to 25µ so that the seawater still contained algal food that supplemented the hatchery diet of four microalgae species. The spat grown at sea had no
additional costs associated with their growout; whereas, the spat on land necessitated costs for food production and electrical power associated with pumping
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seawater. In an earlier comparison that the PI had conducted in Western Australia, where electrical power was only $AUS0.06/kW hour, spat growout on land
was simply not cost effective. It is likely even less cost effective in the RMI, where
electrical power is charged at a rate of $US0.20/kW hour.
The last pearl oyster hatchery run for this project was conducted in 2005 between
the spawning trial on May 25 and Aug. 9 (i.e., 75 days), when the few remaining
spat were removed from the Arrak hatchery and suspended on the longline on the
demonstration pearl farm at Arrak. The hatchery run started with more than 30
million eggs released from just three ripe/gravid spawning females. During the first
week, however, a power surge, again, burnt out the UV light bulbs and their ballasts.
We, again, drastically culled the numbers of pearl oyster larvae and switched back
into experimental mode to determine the growth of pearl oyster spat kept in the
hatchery for a longer period than the usual 42 days after spawning before being
taken to sea for further growout. At Day 75, the spat averaged a shell length
(DVL) of 9.07 ± 1.74 mm (range 5.83 - 12.77mm; n = 54). The rather “stunted”
growth of the spat also was not helped by their feed being composed of only three
microalgae species instead of the usual four species. The fourth species had died/
overheated, as the air conditioner in the algal room had not cooled efficiently for
some time after the above power surge.
Neither of the above hatchery runs produced a number of settled spat sufficient
enough to repeat the same growout experiments done at Arrak on optimum spat
stocking density, types of containers, depths of hanging, onshore growout during
nursery versus farm growout (see Appendix 1). The general applicability of the
results of the Arrak experiments also suffered from having no comparable spat
survival and growth data from other locations, as the commercial pearl farmers
simply stated that all their spat had died.
Objective 3: Collect data on spat growth and survival to update
and incorporate it into an already funded cost production model
for hatchery propagation and growout of black-lip pearl oyster
spat.
Data obtained from the small-scale experiments conducted at Arrak under Objectives 1 and 2 above have been recorded, tabulated in Excel-based worksheets
and analyzed (see Appendix 1). But without a much larger database of results
from the commercial companies, we would be most hesitant to try to extrapolate
our possible anomalous (i.e., the growth rate of spat at Arrak is much less than the
PI has recorded in five other pearling countries) experimental results into the cost
production model of Dr. Quentin Fong.
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Objective 4: Transfer technology by publishing a site-specific
black-lip pearl hatchery manual and by providing extension training and support for black-lip pearl oyster culture. Conduct workshops in the RMI and other U.S.-affiliated Pacific Islands, such as
Guam, American Samoa, and the FSM.
The draft outline of the hatchery manual was completed some time ago, but none
of the seven local hatchery trainees were literate enough for a written manual to be
of much use. The promised CMI graduates and government trainees never materialized. While the hatchery positions were advertised nationally, applicants were
hired for their proximity to the rather “remote” Arrak hatchery (to minimize transportation difficulties) rather than for their academic credentials (i.e., none had completed high school).
As a consequence, almost all of the practical pearling training resulted from “handson” competency trials conducted after they were shown what to do in the hatchery
or on the pearl farm. The original idea of translating the manual into the local
language was scrapped when it was realized that there were no Marshallese word
equivalents for any of the key hatchery apparatus.
The need for a site-specific pearl oyster hatchery manual is lessened further by the
efforts to make over the Woja hatchery. The Arrak pearl oyster hatchery is effectively superseded. Now that the CTSA funding for this project has ceased, the
new Director of MIMRA apparently has “told” the Dean of Land Grant that to
make the Woja hatchery commercially viable, all pearl farmers should buy spat
from that hatchery in future. The Arrak hatchery now may revert to use mainly for
aquaculture extension training and experimental work on sea cucumbers or some
other commercially important aquaculture species.
Throughout the past two years, the PIs have fielded a number of requests from the
outer-island communities interested in pearl oyster mariculture as another source
of income. In an attempt to benefit the RMI pearling industry as a whole, the PIs
proposed that the outer-island communities be paid for growing out spat to a size
required by the existing pearl farms. When the commercial companies later reneged on this agreement, the PIs conducted a series of radio programs/announcements and gave presentations to explain the concept of “satellite farming” (please
see Impacts below) to the mayors of interested local governments. They wanted
to give all atolls a chance to participate in the proposed pearling extension training
at Arrak that was slated to begin after CTSA funding ceased in July 2005 (see
Recommended Follow-up Activities below).
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Objective 5: Extension training and support for other commercially important aquaculture species.
During the past two years, no formal requests have come to the PIs for extension
training and support for commercial aquaculture species other than for pearl oysters. On behalf of the Rongelap Atoll Local Government, Dr. Nair, however, did
attend a finfish mariculture workshop held in Indonesia before the 2005 World
Aquaculture Society Conference.

Impacts
Black-lip pearl farming is one of the very few sustainable commercial aquaculture
activities in the Republic of the Marshall Islands that can be undertaken by companies
and by outer-island communities that traditionally have been dependent almost
solely on copra for income generation. Additional economic opportunities may
reverse the current trend of the outer islanders gravitating to the capital to seek
work (more than 30% of the RMI’s workforce is unemployed). To provide an
alternative/supplementary income source on RMI’s outer-islands, pearl farming is
advocated because pearl oysters can be cultured using simple, relatively low-cost
technology (i.e. many inexpensive farm longlines and pearl nets can be purchased
for the equivalent capital cost of a single hatchery) that is suitable for small-scale
operations/community-based production.
Extension training in all aspects of pearl farming can then be given to outer-island
community representatives, who have already expressed an interest in pearl oyster
hatchery propagation and growout husbandry techniques. The project concept of
“satellite farming” involves technology transfer by providing hatchery-produced
spat to community-based growout farmers on the outer islands. These groups can
thereby supplement their incomes by growing out spat to sizes requested and paid
for by larger commercial pearl companies or “wealthier” atoll communities wishing
to “fast-track” their commercial pearling enterprises. The confidence and
competence gained by the growout farmers should empower them to start their
own pearl farm in the future at these outer-islands.
The ultimate end product, a cultured pearl, is high in value, non-perishable and
easy to transport to well-established markets. If total pearl production in the RMI
reaches worthwhile “critical value,” buyers will come to attend pearl auctions as
they do in more established pearling countries.
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Recommended Follow-up Activities
Like most of the Micronesian Islands, the wild pearl oyster stock populations of all
of the atolls in the RMI have been over fished in the past. So now all pearl farms
are dependent on hatchery-produced spat. The College of the Marshall Islands
Land Grant hatchery at its Arrak Campus, however, is now already established
and capable of producing sufficient numbers of spat for the future needs of all of
the outer-islands of the RMI. Arrak’s existing demonstration pearl is located in
the lagoon nearby, and outer-island community representatives can be accommodated in the former student dormitory adjacent to the Arrak Hatchery. Thus, pearling
trainees can receive extension training in all aspects of hatchery propagation of
pearl oysters and farm husbandry of spat during grow out at Arrak, before they
are helped to establish pearl farms on their home atolls.
USDA Land Grant and United Nations Development Program funds have been
sourced to defray most of the costs of the extension training, farm materials and
airfares to and from the outer islands. The local governments of five atolls already
have signed a memorandum to have their community nominated representative
undertake the first extension training course that is slated to begin in August 2005.

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.
Nair, R. M. and Dybdahl, R.E. 2005. Atoll community based satellite black-lip
pearl oyster, Pinctada margaritifera, farming model for alternative or
supplementary income generation in the Republic of the Marshal Islands.
Presentation at the World Aquaculture Society Conference, Bali, Indonesia,
May 9-13, 2005.
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Objectives
Evaluate the economics for ornamental fish growers to either individually or
cooperatively market their products directly to U.S. West Coast retailers.
Below are specific sub-objectives:
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
2. To identify the various possible direct marketing channels available
for producers.
3. 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 efforts.

Work Progress and Principal Accomplishments
Findings related to the first two sub-objectives have been summarized in CTSA
Aquafarmer Information Sheet #151 published in March 2005. The report has
been distributed to the participating growers, as well as to the industry at large. A
portion of the executive summary of the report is reproduced below:
Surveys were distributed to more than 100 Hawaii freshwater ornamentalists
to construct a profile of the industry and investigate issues affecting the growth
of the industry. Most of the freshwater ornamental enterprises reported that
they had fewer than four employees and have been in business for more than
six years. The freshwater ornamental fish producers reported combined sales
of more than $120,000 or approximately half of the estimated freshwater
ornamental aquaculture industry.
Based on survey responses from 16 producers, guppies, swordtail, and
platys were the most commonly stocked species. Koi, swordtail, and
gouramis contributed to more than half of the product value (25.7%, 20.0%,
and 7.3%, respectively), whereas swordtail, gouramis, and platys
contributed to nearly half the sales volume (23.5%, 16.1%, and 8.7%,
respectively). According to the 2003 geographic distribution of the
freshwater ornamental aquaculturists’ sales reported, approximately 29%
of products sold remained in Hawaii and 71% were bound for the mainland.
A total of 65% of fish sales were conducted through wholesalers shipping
products to the mainland, whereas 4% was sold directly to mainland
retailers.
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According to those surveyed, the most salient issues among freshwater
ornamental producers are low prices, distribution, and resource costs (feed,
water, and energy). 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. In order to obtain higher profit margins, Hawaii
ornamentalists could sell products at retail prices directly to the mainland.
Based on the proportion of sales transacted through wholesalers, producers
could conceivably sell as much as 65% of their product value directly to
retailers if they were willing to take on the risk and responsibilities
traditionally assumed 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, they 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 that permits them
to ship ornamental fish to the neighbor islands without having to obtain pershipment inspection approvals. Shipping cost is a general problem for Hawaii
businesses. 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. However, it is 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 discounted shipping rates.
A report summarizing the findings under the third sub-objective has been completed
for publication, as an Aquafarmer Information Sheet. Excerpts of the report are
included below:
Freshwater ornamental wholesaling was examined at two distribution levels
for three scales of production (see Table 1 in the Appendix). The impact
of an enterprise’s size on profitability was examined for small, large, and
cooperative size farms, producing eight, 26, and 40 ornamental fish product
lines at farms with corresponding water capacities of 27,000 gallons,
180,000 gallons, and 540,000 gallons. A partial budget analysis was
conducted for each of the farms to investigate the feasibility of a change in
business strategy from farm gate sales to secondary wholesaling or to
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primary wholesaling. Secondary wholesaling was defined as a farm selling
products to a mainland wholesaler that combines products to distribute to
retailers in Washington state. Primary wholesaling was defined as a farm
selling products directly to retailers in Washington.
Partial budget analysis was conducted using a spreadsheet model for each
of the freshwater ornamental operations. A major component of the model
was a product mix module that optimizes the selection of ornamental
freshwater fish cultured by the farm based on sale price, farm gate price,
pack density, water consumption, variety of species, and demand. Since
the sale prices of mainland competitors were not available, a straight markup
on all products was assumed for each set of analysis. The freshwater
ornamental product mixes used in the analysis were based on the secondary
wholesaler scenario with farm gate values of $57,649, $227,066, and
$703,732 for the small, large, and cooperative farms.
Based on the scenarios described here, none of the farms would profit as
a secondary wholesaler, selling to an intermediary who distributes to
Washington retailers. Assuming a 33% markup on the farm gate price
(i.e., 25% gross margin), the cooperative farm nearly breaks even with a
change in income of 1.7% of the change in net sales (Table 2). The
independent small and large farms (Farms A and B) were not profitable as
secondary wholesalers, experiencing a negative change in income of 159%
and 86% of the change in net sales. As expected, the large and cooperative
scale farms (Farms B and C) benefit from economies of size associated
with direct marketing expenditures in comparison to the small farm (Farm
A). Figure 1 illustrates the differences between the farm gate markups
required to breakeven for each scenario.
Only the large and cooperative enterprises (Farms B and C) engaging in
primary wholesaling activities benefited from the change in business strategy
with a net change in income of 5.4% and 13.2% (Table 2). Farm A, which
ships significantly lower-volume fish orders (approximately 60 lbs),
experienced a negative impact on net income of -3.3% of the change in
net sales. As illustrated in Figure 1, the breakeven markups are much
higher for small farms attempting to sell directly to retailers as primary
wholesalers. Since the small farm incurs higher shipping charges, the
enterprise may seek a specialization strategy in which they produce a limited
variety of higher-valued fish. The small farm’s low shipment volume to
retailers (< 100 lbs.) would result in a higher shipping cost of $56/box in
comparison to $45/box for the larger farms. Consequently, the ability for a
small aquafarmer to find a market for and to successfully produce specialty
fish is crucial to his/her success.
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Although the large and cooperative farms have a lower shipping expense
rate, the larger farms are required to support a full-time marketing person
and to produce a larger variety of fish that include lower-revenue (“bread
and butter”) product lines to satisfy the demand for a larger catalog of fish
(see assumptions in Table 1). The larger farms, however, have the
advantage of spreading out fixed marketing costs, marketing salary in
particular, over revenues from the sale of a larger volume of fish. It would
be reasonable to assume that a primary wholesaler might exercise additional
marketing effort than the secondary wholesaler. Under such a scenario,
the markup on the farm gate price required to breakeven would be higher
than that stated in the primary wholesaler analysis for each farm size.
As expected, the markup required to breakeven is higher for primary
wholesaling in comparison to secondary wholesaling strategies. The
relationship between the size of the farm enterprise and the markup required
to breakeven under primary and secondary wholesaling strategies is partly
a reflection of our assumption that the primary wholesaler’s pricing strategy
considers the direct-shipping costs faced by the buyers. In comparison to
the secondary wholesaler scenario, which assumes that cargo shipping
costs are part of the buyer’s “cost of doing business,” direct-shipping
costs were presumed to affect the competitiveness of a primary wholesaler
selling directly to retailers. We conducted the primary wholesaler analysis
using this assumption in order to incorporate the effect of the landed costs
across different production levels. The additional cost savings experienced
by the cooperative is influenced by our assumptions that the cooperative
farm has greater leverage against buyer non-payment and also higher quality
control, which results in lower mortality claims that do not exceed the
overpack allowance.

Impacts
Our analysis has impacted the industry in the two major ways. First, the industry
profile provides freshwater ornamentalists with the awareness of the size and scope
of the local industry. In addition, the profile identifies the challenges faced by the
local ornamentalists (low prices, distribution, and resource costs) and describes
the current distribution network (marketing channels), as well as the market potential for direct retail sales under the current business climate.
Second, the partial budget analysis compared secondary and primary (direct marketing) wholesaling strategies for three scales of freshwater ornamental production. Our analysis suggests that it may not be profitable for a producer to engage in
secondary wholesaling activities. However, direct retailing may be possible if the
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markup on Hawaii farm gate prices is higher than 200%. Other issues regarding
the practical level of freshwater ornamental lines and shipping discounts were considered. The analysis suggests that a cooperative strategy results in economies of
size and the potential for substantial industry discounts. Consequently, small-scale
farms (i.e., smaller than the hypothetical farms modeled in this study) may require
the services of a local wholesaler or consider the benefits of a cooperative venture
with other farms in order to remain profitable.
The barriers to direct marketing channels are lessening as a result of the ubiquity of
the Internet and online services. Direct marketing provides a number of benefits
but can be challenging for an individual farmer in the ornamental fish niche market.
The challenges of distribution, however, may be offset through collaboration and
cooperation. Based on interviews and surveys of freshwater ornamentalists, we
found that freshwater ornamentalists only expend a modest effort toward direct
marketing their products to the mainland. According to 2003 estimates of the
ornamental freshwater sales reported, only 4% of local ornamental products are
distributed directly to mainland retailers, whereas 65% of freshwater ornamental
products are distributed to the mainland through wholesalers. The outbound indirect sales of 65% are an estimate of the untapped direct-retail market available to
Hawaii producers.
The findings of the direct marketing feasibility study suggests that selling directly to
retailers is only possible for large freshwater ornamental farm enterprises or through
cooperatives made up of small farms. However, shipping discounts may make it
feasible for small farms to sell directly to retailers. The investigation on discounted
shipping suggests that collaborative efforts, in general, may provide the industry
with leverage to obtain discounts on equipment, supplies, and services that improve profitability and potentially increase Hawaii’s market share of the West Coast
demand for freshwater ornamentals.
The profile of Hawaii aquaculture ornamentalists, combined with the summary of
industry member 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. The industry profile, in combination with the direct-marketing
feasibility study, can help freshwater ornamental practitioners to carryout informed
business decisions that affect the distribution of their products.
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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.

Recommended Follow-up Activities
More data is needed to accurately profile Hawaii’s freshwater ornamental
aquaculture industry. Volume and sales data by species (or at minimum, a distinction
between freshwater and saltwater products) could help to identify the market
potential for Hawaii freshwater ornamental products. A major concern is steady
fish supply and the ability to provide a large variety of fish. An accurate picture of
local production can help to identify products in which local aquafarmers are directly
competing (duplicating efforts) and identify product lines that may serve as new
directions for production.
Future work on the appropriate structuring of an ornamental agricultural cooperative
is needed. The effectiveness of such organizational structures among Hawaii
freshwater aquaculture ornamentalists, however, depends on the quality of its
members and rules governing the organization. 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.
Arrangements to secure discount shipping rates from direct carriers should be
investigated and implemented. As illustrated in this study, an industry discount rate
on shipping costs will undoubtedly improve the direct marketing outlook for farmers
interested in primary wholesaling. Likewise, any coordinated industry efforts that
can bring about industry discounts will allow primary wholesalers to price their
products more competitively with mainland distributors and could potentially lead
to a larger retail customer base.
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Thus, additional efforts that may complement this economic study on freshwater
ornamental direct marketing includes the following work:
1. Conducting a more detailed profile of the industry in cooperation with the
Hawaii Agricultural Statistics Service. Accounting for the separate contribution
of volume and value of freshwater and saltwater products (ideally each of the
species produced) can help to coordinate industry efforts.
2. Formal arrangements with direct carrier services are needed to lower the
barriers to entry into the direct retail market for Hawaii ornamentalists.
Preliminary discussions concerning shipping discounts for the industry with
direct carriers began as a result of this investigation.
3. Finally, also needed is groundwork for the design of an ornamental aquaculture
cooperative, including a review of successful agricultural models and
consideration of features that are unique to an ornamental aquaculture venture.

Publications in Print, Manuscripts, and
Papers Presented
Kam, Lotus E., PingSun Leung, and Clyde S. Tamaru. 2005. Direct Marketing
Hawaii’s Freshwater Ornamental Aquaculture Products, Aquafarmer
Information Sheet #151, Center for Tropical and Subtropical Aquaculture,
15pp.
Kam, Lotus E., PingSun Leung, and Clyde S. Tamaru. (In press) Feasibility of
Direct Marketing Hawaii’s Freshwater Ornamental Aquaculture Products,
Aquafarmer Information Sheet #xxx, 25pp.
Kam, Lotus E., PingSun Leung, and Clyde S. Tamaru. (Submitted for
consideration) Direct marketing Strategies for Hawaii Freshwater
Aquaculture Ornamental Products. To be presented at Aqua 2006,
Florence, Italy.

66 n Center for Tropical and Subtropical Aquaculture

Freshwater Ornamental Fish Marketing

Appendices
Table 1. Farm scenarios reflecting changes in facility capacity,
market distribution, risk, and marketing activities.
Farm Characteristic

Small

Large

Co-op

Facility

A

B

C

Tank Size (Gallons)

2,250

2,250

2,250

Total Production Size (Gallons)

2700

180,000

540,000

Volume Harvested Monthly (Qty)

67,503

45,000

135,000

Tanks Harvested Monthly (Qty)

3

20

60

Total Tank Capacity (Qty)

12

80

240

Minimum Species

8

20

40

Maximum Species

12

50

80

Avg Boxes/Retail Order

3

6

6

Retail Accounts

3

10

30

Est. Boxes/Week

9

60

180

Monthly Cost to Maintain Each Species

$10

$10

$10

10%

10%

5%

5%

5%

2.5%

Farmer’s Expected Gross Margin

25%

25%

25%

Web site Hosting Monthly Fee

$25

$40

$90

Web site Monthly Updates & Maintenance

$25

$50

$75

Postage from Direct Marketing (Annual)

$200

$300

$500

Agricultural Marketing Manager (Salary/Fringe)

$500

$1,000

$1,500

Other Marketing Overhead (% Net Sales)*

$27.338

$54,675

$54,675

Distribution

Risk Assumptions
Risk of Non-payment (% of Gross Revenue):
Rish of Fish Mortality Claims beyond Overpack
Allowance (% Net Sales):

Marketing Activities

Fee Schedule
Minimum

Rate

Monthly Sales
$0

2.90%

$3,000

2.50%

* misc. professional services,

$10,000

2.20%

office supplies, telephone, etc.

$100,000

1.90%

Electronic Payment Service Transaction Cost

5%

5%

5%

Electronic Payment Service Fees

$.30

$.30

$.30
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Table 2. Comparison of the effect of a change in business strategy, from farm gate sales
to secondary or primary wholesaling, for different farm sizes.
Direct Marketing Strategy

Small Farm
A

Large Farm
B

Co-op Farm
C

NCI as a % of change in net sales
Secondary wholesaler, 33% farmgate markup
Primary wholesaler, 200% farmgate markup

-159%
-3.3%

-86%
12%

-1.7%
34%

Farm gate markup required to breakeven
Secondary wholesaler
Primary wholesaler

101%
207%

41%
174%

25%
135%

Figure 1. Markup on farmgate prices required for a farm enterprise to
breakeven under secondary and primary wholesaler conditions.

Breakeven Markup on Farmgate Prices

250%

200%

207%
174%

150%
135%
100%
101%
70%

50%

34%
0%
Small (Farm A)
6,750 gallons

Large (Farm B)
45,000 gallons

Co-op (Farm C)
135,000 gallons

Harvest Capacity
Secondary Wholesaler
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Objectives
Develop, test, and make operational a quantitative management model to assist
shrimp and finfish producers in Hawaii in determining the stocking and harvesting
strategies that optimize profitability.

Anticipated Benefits
Ultimately, shrimp and fish farmers will use this model and customize it to individually
increase production and improve profitability.
The development of these decision aids will involve close collaboration between
the project team and industry participants in order to best mimic the actual decision
process and make the decision aids as realistic as possible. Growers have agreed
to participate by providing the necessary information for development, testing, and
refinement of the decision aids. The goal is to develop a simple to use but realistic
decision tools to assist shrimp and finfish growers in planning decisions for stocking
and harvesting. Implemented on personal computers, these aids will be specific to
each grower’s operation yet will also have general characteristics for wider
application.

Work Progress and Principal Accomplishments
This is a continuation of a project funded by a special CSREES/USDA grant that
ended on December 31, 2004. Due to a delay in paperwork processing, the
project account was finally set up in late March 2005. Despite the break, work
has continued to refine and test the multi-pond and multi-cycle harvesting/stocking
scheduling model for shrimp growout operations. This work is in close collaboration
with Dr. Paul Bienfang, using data from the Ceatech operations.
We have documented the mathematical structure of the model in a paper in
Mathematics and Computers in Simulation. In addition, we have attempted to
use artificial neural network as an alternative procedure to predict shrimp growth.
The results are promising and a paper documenting the major results has been
accepted for publication in Aquacultural Engineering.
Using an extended version of the developed optimal scheduling model, we continued
to investigate the impact of shrimp farming variables, such as growth rate and price
seasonality, on the optimal production schedule and its resulting economic
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performance. The influence of these factors is described quantitatively within the
context of the operating parameters of the former Ceatech USA, Inc. The
managerial objective expressed is to project a scheduling scenario that maximizes
net revenue from a 40-pond farm during a two-year planning horizon, subject to a
set of biological and economic conditions.
The inherently practical results indicate that these factors can be managed to
substantially improve the profitability of such a shrimp farm. Apparently, continued
development and application of this capability could have profound implications
for the profitability of many multi-pond, multi-cycle farming operations. We have
documented detailed results of this investigation in a forthcoming (accepted) paper
in Aquaculture. We have also prepared a more layman document summarizing
the operations of the model as a decision support system. This document will
appear as a chapter in a forthcoming book titled Shrimp Culture: Economics,
Markets and Trade.
The general framework of the Scheduling Decision System (SDS) is divided into
five modules: (1) an input module contains general information on farm production,
operating, and market conditions; (2) a biological module models the growth and
survival functions appropriate for the farm setting, using NeuralWare’s Neuralworks
Predict; (3) an economic module models the economic outcomes associated with
variations in biological production and/or market fluctuations; (4) a scheduling
module incorporates constraints (precedent conditions) on harvesting and planting,
and then the module subsequently solves the scheduling model for maximum overall
net revenue (and profit) from all growout ponds over the planning horizon, using
Frontline’s Linear Programming Solver; and (5) finally, a result module facilitates
presentation of the optimal production schedule as charts and tables.
As the next step, we will implement this model on a farm. Due to the present
situation of Ceatech USA, Inc., we have also scaled down the present model for
implementation for small-scale operations. We have presented a demonstration of
this scaled-down version to Mr. Mitch Smith with the idea that Mr. Smith will
entice some of his clients (local shrimp farmers) to look into the possibility of
adopting the scheduling system. However, due to their busy schedules, we have
not yet been able to demonstrate the system to these small shrimp operations.
In the meantime, we have been working with the shrimp program at the Oceanic
Institute in modifying and extending the model to optimize a proposed partial
harvesting scheme. Although initial investigation suggests that partial harvesting
could be beneficial under certain conditions, we have not yet begun optimizing this
strategy. We need to develop growth curves and feeding rates for large shrimp
under different production scenarios in order to develop efficient models for
identifying optimal harvest strategies.
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In the last two months, we have commenced adapting the scheduling model for
farmed fish. We have made contacts with Kona Blue Water Farms and Cates
International. We have put together a prototype spreadsheet model to optimize
the schedule of a single cage for illustrative purpose. Kona Blue Water Farms was
evaluating this prototype model at the time of the report.

Work Planned
1. Implement a practical version of this shrimp scheduling system at the former
CEATECH USA, Inc. (now doing business as Sunrise Capital, Inc.) facility, if
the new management is interested and agrees to collaborate.
2. Continue the collaboration with the shrimp program of the Oceanic Institute
on extending the scheduling model to evaluate the economics of partial
harvesting.
3. Continue model development to optimize harvesting schedules of marine fish
culture; to apply the developed model on farm; and document the model and
results.

Impacts
Shrimp and fish farmers ultimately will use this model and customize it to individually increase production and improve profitability.
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Papers Presented
Manuscripts Accepted for Publication
R. Yu, P.S. Leung and P. Bienfang. Predicting shrimp growth: artificial neural network
vs. nonlinear regression models. Aquacultural Engineering.
R. Yu, P.S. Leung and P. Bienfang. Optimal production schedule in commercial
shrimp culture. Aquaculture.
R. Yu, P.S. Leung and P. Bienfang. A decision support system for efficient scheduling
of multi-pond and multi-cycle commercial shrimp culture. Chapter 21 in
Shrimp Culture: Economics, Market and Trade, Blackwell Publishing,
Ames, Iowa, USA.
Papers Presented
R. Yu and P.S. Leung. 2005. Optimal harvesting strategies for a multi-pond and
multi-cycle shrimp operation: a practical network model. Book of Abstracts
World Aquaculture 2005: Bali, Indonesia, pp. 330.
R. Yu and P.S. Leung. 2005. Integrating an artificial neural network model with the
optimal scheduling model: application to a commercial shrimp farm.
Presented at the Triennial International Federation of Operational Research
Societies (IFORS) 2005, Honolulu, Hawaii, July 11-15, 2005.
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Alternatives

General Information
Reporting Period

August 14, 2005–September 30, 2005

Funding Level

$34,850

Participants

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

Anticipated Benefits
The final research report will determine the feasibility of implementing different
shrimp waste alternatives on a commercial scale in Hawaii. Research identifying
potential market uses for shrimp waste may be a model for identifying and seeking
markets for other seafood waste products. A natural advantage to the marketing
of materials from Hawaiian-raised shrimp is the increasing interest in using locally
grown and manufactured products, as well as the perception of Hawaii as a pristine
natural environment. The final report will attempt to predict the economic feasibility
of such a project, in order to facilitate industry decisions regarding the use of
shrimp wastes.

Work Progress and Principal Accomplishments
Potential sources and volume of shrimp waste were determined, and necessary
assumptions have been made. We discovered that the only potential and viable
source of shrimp waste in Hawaii is from one company located in Kauai, the
former Ceatech USA, Inc., which currently is not operating.
Other shrimp farmers sell whole, unprocessed shrimp to the market, so they generated limited quantities of waste. Given critical factors for economically viable
recovery, such as distance from waste generators, scale of operation, and pro76 n Center for Tropical and Subtropical Aquaculture
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cessing requirements, these farms cannot guarantee a reliable and sufficient supply
for a potential shrimp waste (SW) processor. Wild catching of shrimp is highly
seasonal and also cannot be considered when planning the capacity of a shrimp
waste utilization facility.
Imported shrimp accounts for a considerable amount of shrimp consumed in
Hawaii, but they are not processed here, and, as a result, imported shrimp cannot
be considered as a potential supply source. The potential volume of shrimp waste
from the Ceatech farm could be as high as one ton per day, which represents a
small volume that can justify an investment only in a small operation and relatively
simple technology.
A few technologies that potentially could be used for small-scale operations were
identified and described. These technologies allow producing valuable byproducts,
such as chitosan, protein, shrimp waste meal, and compost. Some of these products could be sold on the local market, and some (such as extra-pure chitosan)
could be marketed nationally.
In the first stage of the project, different processing alternatives (22) for utilizing
shrimp head and other wastes from shrimp and other seafood processing were
identified. These alternatives included preparations for high-protein meals for animal feeding, high-value natural products, and specialty foods.
The next stage is to complete an engineering cost analysis of basic operations for
processing waste streams from shrimp and other seafood processing. We will
evaluate costs, including transportation, storage, handling, manufacturing, and equipment expenses, under various volume scenarios. For this stage, further work with
shrimp-waste byproduct producers and equipment manufacturers will be conducted.
The third stage of the project is to do market analysis for shrimp-waste byproduct
to evaluate market potential. Local and national markets will be investigated in
regards to competition and buying potential.
The last stage is to present an economic feasibility analysis. The technology will be
recommended based on production costs, volume, market potential, and profitability. Different alternatives will be compared.
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Work Planned
The project timeline is summarized below:
Objectives
1. Identify alternatives for shrimp head disposal
2. Engineering cost analysis
Analysis of production and processing costs
Storage, preservation, and handling costs
3. Market analysis for product demand
4. Midterm Report
5. Deliver report on economic feasibility

1 2 3
X X X
X
X

4 5 6
X
X X X
X X X
X
X X
X

Month
7 8 9 10 11

12

X
X
X
X

X

X
X
X
X

X X
X
X X
X X

X

X

Impacts
The research reports will provide practical information for the implementation of
alternative product streams from shrimp culture waste. These reports will address
both the engineering economics for production and the identification of markets
for the proposed materials. The final report will attempt to predict the economic
feasibility of such a project in order to facilitate industry decisions regarding the
use of shrimp wastes.

Publications in Print, Manuscripts, and
Papers Presented
None to date.
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Marine Ornamentals Phase II:
Techniques for Large-scale
Production of Pygmy Angelfish,
Year 1
General Information
Reporting Period

January 1, 2004–September 30, 2005
(no-cost extension through December 31, 2005)

Funding Level

Year

Amount

1

$100,000

Participants

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

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.
5. Optimize culture conditions for zooplankton suitable as prey for marine ornamental fish larvae.
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Anticipated Benefits
Successful completion of this project will assist the ornamental trade 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 chosen species could be transferred to other
highly desired ornamental fish, such as yellow tang, allowing for the rapid
development of new aquacultured species. Several benefits, apart from cost savings,
will accrue to the industry from the financial investment in research and development
of captive propagation, including new economic development, job creation, and
an increased emphasis on the importance of maintaining coastal resources.
Additional economic benefits will flow throughout the industry, strengthening
producers and aquarium and pet retail stores. Consumers will benefit from healthier
fish.

Work Progress and Principal Accomplishments
The initiation of Phase II – techniques for large-scale production of pygmy
angelfish – was targeted for early 2004. However, storm damage to the Doherty
Research Hatchery Facility at the Oceanic Institute and recurrent disease issues
delayed project initiation until late in the year. Once initiated, limited production of
eggs from angelfish broodstock further delayed the primary objectives.
Objective 1: Validate husbandry procedures developed for largescale production of flame angelfish eggs.
The successful scaling up of production of flame angelfish eggs has been limited by
recurrent outbreaks of marine parasites leading to chronic mortality of stocks. In
addition to fish health challenges in the newly commissioned system, poor spawning performance by flame angelfish broodstock in our established, outdoor system
led us to consider the possible effects of water quality on fish health and egg
production. In February 2005, we began using sterilized ocean water from the
Makai Pier with much improved results (Figures 1 and 2).
Immediately upon introduction of sterilized ocean water to the system, flame angelfish broodstock egg production and fertilization rates improved dramatically,
and they continue improving to date. Despite this progress in egg production and
egg fertilization rates in the past six months, egg viability remains a limiting factor in
our research. A trial (under HSFD-funded research) is currently underway to
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investigate the effects of ocean water vs. OI source water on egg production and
egg quality, including egg viability. Eggs from this trial will also be used for CTSA
research under Objective 3.

Flame Angel Mean Monthly Egg Production
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Figure 1. Flame angelfish mean monthly egg production. Arrow indicates the
start of sterilized ocean water use in the system.

In order to effectively maintain large numbers of broodstock pairs and scale up production
of eggs, it is imperative that we are able to prevent and effectively treat fish diseases. In
past trials, we have had the unfortunate experience of recurrent outbreaks of marine
parasites, especially Amyloodinium ocellatum and/or Crytocaryon irritans. These
parasites are also problematic in public marine aquariums and throughout the saltwater
aquarium industry. It appears that local collectors and transhippers are both heavily
infected with these parasites. Therefore, we are now focusing on improving broodstock
stocking and quarantine protocols through more rigorous screening of new stocks and
a high frequency tank rotation protocol (twice per week) for at least one month prior to
stocking broodstock in experimental systems.
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Flame Angel Mean Monthly Fertility Rate
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Figure 2. Flame angelfish mean monthly fertility rate. Arrow indicates the
start of sterilized ocean water use in the system.

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 soon-to-come
development of sufficient egg supply from newly expanded broodstock populations.
As mentioned earlier, our stocks are currently producing large numbers of eggs, and
we believe the egg viability issues will be cleared up soon.
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 200-L or 1000-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 3-5eggs/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 or 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.
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Objective 3: Develop appropriate weaning protocols for juvenile
flame angelfish.
As with Objective 4, this objective will be initiated upon producing sufficient numbers
of flame angelfish juveniles to conduct the replicated weaning trials. The study will be
carried out using a system of 15 200L 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) will be 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 un-weaned
angelfish of the same age. At the end of the experiment (day 35 post-hatch), 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 one-way 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.
Over the report period we began transferring marine ornamental and copepod culture
technologies through three activities: a workshop on the use of copepods for culturing
Hawaiian Marine Finfish at the OI Learning Center (November 2004), a presentation
on yellow tang culture technology at the Hawaii Aquaculture Association meeting at the
Windward Community College in Kaneohe (May 2005), and a new HPU undergraduate
course on Culture of Marine Ornamentals (June/July 2005). Activity under this
technology transfer objective will increase toward the end of the project, with the goal
of fully transferring developed culture technologies to industry.
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Objective 5: Optimize culture conditions for zooplankton suitable as
prey for marine ornamental fish larvae.
Parvocalanus culture methods continue to be refined and are now yielding mean
culture densities up to 10 copepod nauplii/ml under daily harvest and 25 to 30 nauplii/
ml on a three-day harvest cycle. Scale-up to date includes the maintenance of reliable
1-L stock cultures, 20-L and 250-L intermediate scale cultures on twice-weekly harvest.
Pilot-scale cultures (1,500-L) are currently being commissioned with anticipated
application to flame angelfish larval rearing efforts toward the end of our Year 1 efforts.
Efforts were also initiated to screen 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). 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.

Figure 3. Photograph of copepod (Acartia
sp.) recently isolated from Makai Pier to
establish a second source of larger copepod
nauplii for later stages in the rearing process
for flame angelfish larvae.
Zooplankton samples were collected off the Makai Pier in late September 2005, using
a 100-micron net towed at speeds no greater than 1 knot. Water quality data was
collected to provide physical parameters for maximum survival of the animals collected.
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Samples were washed with filtered seawater and placed into containers with aeration
for holding. Acartia (Fig. 4) were identified using a dichotomous key and isolated
using sterile methods under a dissecting microscope. Flasks were stocked with 20
Adults in 1 L of water (density of 0.02) and fed equal amounts of Isochrysis and
Chaetoceros. Populations were checked every three days by collecting all animals,
rinsing with salt water and counting under a microscope. Live cultures were returned to
a cleaned and refilled flask. Two populations have survived and continue to reproduce,
although at a low rate, which warrants examination of feed and water parameters.
More samples will be collected in the following months and populations established
using higher density stock values to attempt to yield greater production numbers. Larger
vessels have also been prepared for use in the scale-up of cultures.
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Figure 4. Acartia sp. stock (2L) culture densities since isolation.

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, using simplest methods first to create
user-friendly cultures. The goal is to develop the easiest, most efficient culture methods
that are suitable to use on “low-tech” fish farms.
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Work Planned
The following research work is planned under Phase II of this project:
•

Continuation of efforts to improve broodstock husbandry and scale up
production of viable eggs toward scale-up of flame angelfish juvenile
production.

•

Continuation of effort to scale up cultures of both Parvocalanus and
Acartia copepods toward increased capacity for larval rearing in captivity.

•

Initiate flame angelfish pilot-scale rearing trials, with emphasis on improving
post-larval survival rates.

•

Scale-up of larval rearing production methods.

•

Technology transfer through CTSA-sponsored workshops and
publications.

Impacts
The ultimate goal of this project is to assist in the development of a marine ornamental
aquaculture industry in Hawaii and the Pacific. For several reasons, this goal
represents a key economic opportunity for farmers in the state of Hawaii and for
the U.S.-affiliated Pacific Islands like Guam.
First, a void in aquaculture production of marine ornamental species exists
worldwide. Estimates suggest that less than 5% of all marine ornamental species
traded on the open market are aquaculture-raised and that actual numbers of
cultured fish traded are miniscule compared to those traded by collectors. This
situation is unlike that situation faced currently by freshwater ornamental farmers in
Hawaii, who compete in markets with well-established foreign and other domestic
producers.
Second, it is well known that the health of coral reef ecosystems around the world
is degrading severely and that wild collection practices are likely unsustainable
unless alternatives are sought. Moreover, the Hawaiian Islands are home to more
than 85% of the coral reefs in the United States, giving the region a good position
for developing an aquaculture-based industry. Success of this project will not only
provide new economic opportunity to farmers but also help ensure the long-term
sustainability of the marine ornamental trade. This project’s success will bring
sustainability by offering alternatives to wild collection practices and a means to
practice resource conservation.
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Publications in Print, Manuscripts, and
Papers Presented
Laidley, C.W. 2003. Research and development on yellow tang and pygmy angelfishes
at the Oceanic Institute in Hawaii. Louisville, Kentucky, September 5-7, 2003.
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, Honolulu, Hawaii, March 2004.
Laidley, C.W. 2004. Production of marine finfish using copepods. Presented at the OI
sponsored workshop on the use of copepods for culturing Hawaiian marine
finfish, Oceanic Institute, Waimanalo, Hawaii, November 30, 2004.
Laidley, C.W. 2005. Yellow tang culture development. Presented at the Hawaii
Aquaculture Association Meeting, Windward Community College, Kaneohe,
Hawaii, May 25, 2005.
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Year
1
2
3
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Objectives
Develop and transfer culture techniques for Hawaiian marine invertebrates in order
to promote economic opportunities without dependence on wild-caught specimens.
1.
2.
3.
4.

Validation of captive maturation and spawning at pilot scale.
Determination of settlement substrate for mass culture of feather duster worms.
Field-testing growout techniques of hatchery-produced feather duster seed.
Production of a “How-To” manual on the artificial propagation of feather duster
worms.
5. Technology transfer in the form of journal articles, newsletter articles, and
workshops.

Anticipated Benefits
Advancements in the artificial propagation of marine species have led to the belief
that culturing marine ornamental organisms can alleviate some of the fishing pressure
on wild stocks as well as create small- or large-scale industries. Commercially
cultured feather duster worms could provide an alternative source of animals for
the aquarium trade and also ease the burden on coral reefs caused by collecting
practices. High demand suggests that this type of aquaculture also has the potential
to provide substantial economic benefits to commercial farmers (DLNR catch
data 1986-1994). Realization of this potential, however, hinges upon the successful
development of culture technologies that are cost-effective enough to overcome
the economic constraints of doing business in Hawaii.
Progress made over the course of this project, Years 1-3, is also resulting in an
increased knowledgebase in the reproduction and ecology of the species. Given
the paucity of information on polychaete biology in general, let alone on the target
species, the investigations are providing much needed basic information for the
scientific community as well as for aquaculturists.

Work Progress and Principal Accomplishments
Objective 1: Validation of captive maturation and spawning
at pilot-scale.
Oceanic Institute
Captive maturation trials have been ongoing at the Oceanic Institute for two consecutive years, combining both indoor (Year 2) and outdoor (Year 3) trials. Food
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sources investigated have been cultured phytoplankton and shrimp pond effluent.
The shrimp pond effluent was found to be excessive when used directly and even
when diluted. Current outdoor trials are testing the efficacy of two commercial
phytoplankton diets, Nannochloropsis oculata and a shellfish diet, both from
Reed Mariculture. The shellfish diet is a combination of four algaes.
The results to date reveal that maturation of captive broodstock worms can occur
when fed Nannochloropsis oculata for both the male and female sex. However,
we have yet to achieve a stage of maturity in wild-caught worms where spawning
could be induced under the culture conditions tested to date. Likewise, no natural
spawning of captive broodstock has been achieved to date with both indoor and
outdoor captive broodstock trials. Captive maturation and natural spawning remain challenges that require further investigation.
Hawaii Institute of Marine Biology (HIMB)
For unknown reasons, the spawning trials held during the initial period (October
through December 2004) of the initial stages of this Year 3 project did not result in
successful spawning as reported in previous years. We decided the best corrective action to take was a closer examination of the spawning stage.
Wild-caught worms in the waters surrounding HIMB have been undergoing routine histological examination for the possession of sexually mature gametes for at
least two consecutive years. During the reporting period, the slides were examined and the data summarized in order to determine the extent of the natural spawning
season of this worm in Hawaiian waters. This information until now has yet to be
determined. The data indicate that a small percent of the wild population can be
found at the stage of maturation (Stage 3) where spawning can be induced between March through December. We observed this stage over a much broader
time period than was previously expected (e.g., October through December).
Spawning trials were attempted in June, July, and August 2005, and successful
induction of spawning was achieved during the months of June and July, although
at a very low percent of success (1 of 4 trials). Spawning was achieved only when
female worms were characterized as Stage 3 (e.g., possessed abundant oocytes
that were freely floating in the coelomic cavity).
Although spawning could be achieved, finding individuals of the appropriate stage
of maturity is a challenge during this time of year. For example, in the June trials,
only three females out of 60 worms were found to be of a suitable stage of maturation; in July, only three females out of 58; and, in August, out of 60 worms, none
were found at Stage 3.
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It would appear that, while a few individuals are capable of spawning in the wild over
a much broader time period than previous thought, the peak in the spawning activity is
between October through December. A focused effort on increasing spawning success by utilizing the Stage 3 criteria will be conducted during the upcoming spawning
season (October to December 2005). This time period is outside of the project, and
a no cost-extension has already been requested and granted.
The histological data summarized in Figure 1 also revealed conclusively that the feather
duster worm is a hermaphrodite. The early indications are that it is a sequential
protandrous hermaphrodite starting out with a preponderance of males and changing
into females as they grow in size. Confirmation, however, will require a much more
intensive sampling scheme that covers worms of all sizes and is currently beyond the
scope of this project. Still, this information is a new finding for this species of worm.
Likewise, it is not known whether the hermaphrodite responds to the technique of
inducing it to spawn, and this aspect of the species may have been a contributing factor
to the poor responses experienced earlier in the project.
Objective 2: Determination of settlement substrate for mass
culture of feather duster worms.
Because of the poor spawning results during the earlier portion of the project, this
objective had to be put on hold in 2004. The off-season spawning trials, however,
provided an opportunity to conduct preliminary settlement trials, one of which was
initiated in July 2005. The larvae that resulted from the one successful spawning
were stocked into a 200-L fiberglass tank. The tank was equipped with a single
air stone for aeration and plastic-mesh netting, and it was filled with filtered seawater in a closed system. Feeding of larvae occurred on the seventh day after hatching or during the time period when settling is known to take place. Larvae were fed
live Chaetoceros sp. once a week.
A very encouraging result of this trial has only recently been obtained and is summarized in Figure 2. Settled worms are clearly visible on the bottom of the tank,
along the sides of the tank, and among the plastic-mesh netting. However, a clear
preference for settlement was observed for the three-inch air stone, as indicated in
the photograph. The density of settled worms on the various substrata are summarized in Table 1.
Table 1. Density of settled feather duster worms on various substrates.
Substrate
Side of Tank
Bottom of Tank
Plastic Mesh Netting
Airstone
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Density (individuals/ft 2)
0.9
1.1
8.0
1,881.0
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The number of settled worms on the plastic-mesh netting when expressed in terms
of area (ft 2) is larger than the number of worms settled on the sides or bottom of
the rearing tank, yet the observed density pales in comparison to what is observed
on the air stone. The number of settled worms extrapolates to more than 1,800
individuals when calculated on a per-square-foot basis. Air was continuously
pumped through the air stone, and the larval feather duster worms would have to
actively swim and settle on the stone to remain at the density observed. This result,
while extremely encouraging, should be considered preliminary, as no replicates
were conducted. A concerted effort is underway to see if this result can be replicated and, more important, if we can better understand its implications.
Objective 3: Field test growout techniques of hatchery produced
feather duster seed.
While the settlement experiments still need to be determined, other items that are
important in the growout of the cultured worms can still be inferred from investigations on wild worms. For example, the distribution and abundance of feather duster
worms in a protected marine environment like HIMB (Figure 3) should provide
some indication of what the growout requirements might be for this species.
From the information obtained from this activity, it is clear that the south edge of
Coconut Island is a preferred habitat of the feather duster worm. Water quality
parameters and total suspended solids (TSS) were found to be consistent with the
other sites. Water motion and occurrence of coral substrate, however, were found
to be higher at this particular location. The increased water motion is consistent
with a higher density of worms, as the food in the water column has a higher
probability of reaching the worms. The 100 ppm TSS value detected around the
waters of HIMB may also serve as an indicator of the level of food required to
support feather duster worms in the wild.
The kinds of substrate that the feather duster worms inhabited were also investigated to provide insight into the settling substrate and possible locations for a
growout farm (see summary in Figure 4). Clearly, the association of the worms
with live coral is one factor that needs to be taken into consideration to optimize
successful growout of the worms. It is thought that the coral provides protection
from predation, resulting in a higher abundance. Interestingly, the feather duster
worm also settles on floating dock structures, indicating the larvae freely swim and
can utilize a floating platform for growout. This would allow the growout facility to
utilize more than a single dimension in its design. The data presented has been
summarized in a manuscript and is being submitted to a peer-reviewed journal for
publication.
Feeding trials using Chaetoceros sp. have been repeated at HIMB with this trial,
including sufficient replication to insure acceptance in a peer-reviewed journal. A
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summary of the results obtained is provided in Figure 5. The data is consistent
with the previous trial conducted during the Year 1 project: if worms are provided
with a live food at levels above that found in the wild, they will grow at a significantly (P<0.01) elevated rate and achieve market size within one year.
Objective 4: Production of a “How-To” manual on the artificial
propagation of feather dusterworms.
This objective has been put on hold, as not all of the information required to produce a quality manual has been obtained. It will be a focal point during the no-cost
extension period that has already been requested for this project.
Objective 5: Technology transfer in the form of journal articles,
newsletter articles and workshops.
A workshop to cover the induction of spawning method is to take place during the
no cost extension period of the project.

Work Planned
•

Additional spawning trials will be conducted between October and January
for the purpose of producing larvae in order to complete the settling experiments.
This remains as the major challenge in the development of a protocol for the
artificial production of the feather duster worms.

•

A workshop covering induction of spawning of feather duster worms is being
planned for between the months of October and December 2005.

•

A manual for the artificial propagation of the feather duster worm is to be
produced during the no-cost extension period of the project.

•

A minimum of three manuscripts are to be produced and submitted to peer
reviewed journals for publication during the no cost extension period.

Impacts
While this project has made no economic impacts to date, because of the paucity
of information on the biology of the species and for polychaete worms in general,
the spawning technique, larval development, distribution and abundance have
broadened the base of scientific information.
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Publications in Print, Manuscripts, and
Papers Presented
Publications
Bybee, D.R., Bailey-Brock, J.H. and C.S. Tamaru. (in press) Larval Development
of Sabellastarte spectabilis in Hawaiian waters. Scientia Marina.
Bybee, D.R. 2005. Spawning periodicity and gametogenesis in the fan worm
Sabellastarte spectabilis. Pacific Science 55(1):100 (abstract).
Bybee, D.R., J.H. Bailey-Brock, and C.S. Tamaru. (submitted) Evidence for
sequential hermaphroditism in the fan worm Sabellastarte spectabilis.
Pacific Science.
Bybee, D.R., J.H. Bailey-Brock, and C.S. Tamaru. (in preparation) Distribution
of the fan worm Sabellastarte spectabilis around Moku O Lo’e (Coconut
Island) in Kaneohe Bay, (Oahu, Hawaii). Pacific Science.
Bybee, D.R., J.H. Bailey-Brock, and C.S. Tamaru. (in preparation)
Gametogenesis and spawning periodicity in the fan worm Sabellastarte
spectabilis (Grube 1878). World Aquaculture Society.
Presentations
Bybee, D. 2005. Vermiculture of feather duster worms in Hawaii. Hawaii
Aquaculture Association Annual Conference. Windward Community
College, Kaneohe, Hawaii, May 26, 2005.
Bybee, D.R., J.H. Bailey-Brock, and C.S. Tamaru. 2004. Reproduction and larval
development of Sabellastarte spectabilis (Grube 1878)
(Polychaeta:Sabellidae) in Hawaiian waters. In Proceedings of 8th
Interational Polychaete Conference. Madrid, Spain, July 5-9, 2004.
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Pacific Threadfin Fingerling
Transport Technology
Development, Years 1 and 2
General Information
Reporting Period

January 1, 2004–December 31, 2004; no-cost extension through
June 30, 2005 (Year 1, final report)
September 1, 2005–Septebmer 30, 2005 (Year 2)

Funding Level

Year
1
2

Amount
$35,000
$35,000

TOTAL

$70,000

Participants

Charles W. Laidley, Ph.D., Director
Finfish Department, Oceanic Institute
Randy Cates
Cates International, Inc.
Neil Sims
Kona Blue Water Farms

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 growout (both on- and offshore) operations. This
project is a component of a long-term effort by the Oceanic Institute (OI) to
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establish commercial production technologies for marine food fish aquaculture and
transfer these technologies to local industry in Hawaii and the Pacific region.
Below are specific project objectives:
Year 1
1. Compare standard bucket transfer versus the gravity-feed method for moving
fingerlings from nursery to transport tanks.
2. Setup a replicated small-scale experimental tank system to study, and optimize
transport conditions for small marine finfish fingerlings.
3. Establish the effects of stocking density on survival time and quantitative changes
in water quality parameters over time, during simulated transport of Pacific
threadfin fingerlings.
4. Conduct preliminary examination of the effects of adjusting water temperature,
salinity, and use of anesthetics during handling for the purpose of increasing
maximal transport density.
Year 2
1. Continue to examine the effects of adjusting water temperature, salinity, and
use of anesthetics during handling for the purpose of increasing maximal transport
density.
2. Examine the effect of fish size/age on transport survival.
3. Test and modify transport procedures under commercial field conditions to
verify scale-up and make any necessary modifications from small-scale
experimental methods.
4. Submit recommendations on optimal handling and transport techniques for
distribution via a fact sheet and publication in CTSA newsletter.

Anticipated Benefits
This project will benefit all commercial marine finfish operations, allowing maximization of available facilities for fish movements and providing operators critical
insights into likely areas of most concern for operational success. Scaled-up hatchery
and growout operations provide new opportunities to achieve economies of scale
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in commercial operations. Large numbers of fingerlings can be moved at very high
densities, given adequate attention to handling protocols, stress reduction, and
water quality.
Over-stocking of fingerlings or inattention to protocol can quickly lead to high
mortality rates, especially after unanticipated delays or equipment failure. In contrast, packing fish at low density may ensure transport success, but it greatly
increases equipment and staffing requirements. Therefore, it is 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
Year 1
Objective 1: Compare standard bucket transfer versus the gravityfeed method for moving fingerlings from nursery to transport tanks.
This component of the project work was planned for early 2005 but was not
completed due to fingerling shortages. Given the great importance on study of
fingerling shipment protocols, a specific hatchery run (separate from production
runs for commercial industry) was conducted to provide fingerlings for transport
trials (see below).
Objective 2: Setup a replicated small-scale experimental tank
system to study and optimize transport conditions for small marine
finfish fingerlings.
Under this objective, we successfully tested and optimized a small-scale
experimental test system as a means to develop and optimize fish movement
protocols for application to large-scale commercial operations, and to conduct
laboratory-type monitoring of parameters that cannot be easily collected 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).
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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.
Trial I – Effects of Density In Trial I, moi fingerling (3 g) were stocked into 45 L
plastic coolers (i.e., “transport tanks”) at densities of 12, 16, 20, 24, 28, 32 g/L
with four replicates per treatment (25 L working volume), based on previous pilot
trials. Oxygen was added to the water and maintained above 8.0 mg/L.
Temperature, dissolved oxygen, and oxygen flow, pH, and mortalities were
measured every 15 minutes for the first hour, then every 30 minutes thereafter.
After mortalities were counted, they were replaced into the tank within a mesh bag
to simulate mortalities during the actual transport of moi fingerling. Water samples
filtered down to 0.7 µm were collected and stored at –20 ºC for future analysis of
ammonia concentration.
The results of this study showed that a large percent of the mortalities from each
treatment occurred within the first hour of the experiment (Figure 2). This outcome
was associated with the rapid reduction of dissolved oxygen levels (to ~ 4 mg/L at
higher densities) and rapid deterioration of water quality during transfer of the
fingerlings from the nursery tanks to the experimental transport system. The rapid
onset of mortalities at higher densities and slower, dose- and time-dependent
increases in ammonia concentrations (Figure 3) led us to repeat this trial with more
careful attention to early dissolved oxygen levels and great attention to the quality
of water moving with the fish to the transport containers.
Trial II – Effects of Density Based on the results of the first transport trial, a
second trial was initiated to improve survival by improving the water quality for the
moi fingerling. Transport tanks were stocked at 10, 20, 30, 40, 50 g/L with ca. 4
g fish, with four replicates per treatment. The trial was performed similarly to Trial
I, except that when transporting the fingerlings from the large nursery tanks to the
transport tanks, the water in the buckets was pre-oxygenated and flushed thoroughly
for two minutes to remove excess scales and mucous from the water in attempts to
improve water quality.
Total mortality after eight hours was similar to that of the first trial, although mortality
occurred much more slowly in the second trial, emphasizing the importance of
good water quality throughout the transfer process (Figure 4). Under the current
shipping protocol, fish densities should not be increased above 10 g fish/L, or a
safe density of approximately 2 fingerlings/L. In this second trial, total ammonia
nitrogen again increased with both time and transport density (Figure 5) to peak
levels, in the range of 8 to 9 mg/L at the highest fish densities.
Trial III – Preliminary Trial Using Larger Fish A third trial was performed to
examine if larger fish are better able to survive the rigors of transport. Ca. 25 g fish
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were stocked into individual transport tanks (1 replicate) at a density of 20, 30,
40, 50, and 60 g/L (25 L working volume). When the fish were transferred from
the nursery tank to the transport tanks, no flushing or oxygenation of water in the
buckets occurred. Survival of these larger fish was 100% after four hours. A
notable observation was the lack of scales and mucous in the water throughout the
trial. It is hypothesized that the smaller fish (3-5 g) have underdeveloped scales
and a high production of mucous from the skin, both which slough off when handled.
In contrast, larger, more developed fingerlings have well-developed scales and
less mucous production from the skin. Although larger fish have somewhat lowered
metabolic rates compared with smaller (5 g) fish, this characteristic alone would
not explain the many fold greater rate of survival.
Objective 4: Examine effects of adjusting water temperature,
salinity, and use of anesthetics during handling for the purpose
of increasing maximal transport density.
Under this objective, Pacific threadfin fingerlings were stocked into experimental
simulated transport tanks at a density of 20 g fish/L. Fingerlings were randomly
divided into one of five treatment protocols including: control, reduced transport
temperature (21°C), lowered salinity (25 ppt), light MS222 anesthesia (20 g/L)
during handling, and a combination of the above treatments toward improving
transport survival and potential maximal safe stocking densities during fish transport.
Unexpectedly, lowering water temperature to 21°C (actually, 18°C in some cases)
led to high mortality rates, whereas all other treatment groups demonstrated relatively
low mortality rates in this trial. Based on these results, it appears that Pacific threadfin
fingerlings are quite sensitive to temperature changes, and, thus, lower metabolism
through lowered water temperature may not be appropriate for this species.
However, this trial will need to be repeated with a smaller reduction in transport
temperature.
Although control survival rates were also very high (96%), both lowering transport
salinity to 25 ppt and handling under light anesthesia with MS222 increased 6 h
transport survival rates to 100% and lowered total ammonia nitrogen production
(Figure 6). Observations also indicated that increased survival and lowered ammonia
production were associated with less scale loss and lower mucous release into
transport waters. The combination treatment with lowered transport temperature,
decreased salinity, and use of anesthetic during handling was compromised by the
unexpected increase in mortality rate in the lowered temperature treatment group.
Therefore, we will repeat this trial in Year 2, using higher shipping densities and
smaller reduction in transport temperatures in an attempt to more fully explore the
benefits of these treatments in improving maximal “safe” transport density in open
transport systems used for moving fingerlings to offshore cages.
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YEAR 2
Objective 1: Continue to examine the effects of adjusting water
temperature, salinity, and use of anesthetics during handling for the
purpose of increasing maximal transport density.
Year 1 efforts indicate that the maximal “safe” transport density can be improved (i.e.,
increased) through manipulation of the transport conditions. However, shortages of
fingerlings from the OI production hatchery precluded completion of this work. Therefore,
under our Year 2 work plan, OI will continue efforts to improve water quality and
increase the maximal “safe” density for transporting moi fingerlings to the offshore cages
through use of anesthetics during handling, along with lower transport temperature and
lowered salinity. In Year 2 studies, modifications will include use of higher transport
densities (~50 g fish/L), lesser temperature drop (from 26 to 22 °C), and lower salinity
(from 33 to 22 ppt). In addition, we will examine the effects of ammonia chelating
products. Otherwise, experimental methods will be the same as those methods used in
Objective 4 of Year 1 research activities.
Objective 2: Examine the effect of fish size/age on transport survival
With the discovery during Year 1 of the fingerling transport project that 25 g fish can be
safely transported at densities of 60 g fish/L or higher, whereas smaller (3-5 g) Pacific
threadfin begin experiencing significant mortality at densities above 10 g fish/L, stimulates
us to propose further study of the relationship between fish size (developmental stage)
and transport survival. Using the simulated transport system developed in Year 1, we
will examine fish survival at four densities (25, 50, 75 and 100 g/L) through the early
fingerling developmental period at 5, 10, 15, 20 and 25 g body weights to determine
the optimum size/age at which to transport fish.
Objective 3: Test and modify transport procedures under commercial
field conditions to verify scale-up and make any necessary
modifications from small-scale experimental methods.
Results of small-scale experimental systems will be verified at larger scale and under
commercial operating conditions to make certain that developed methods can be safely
adopted by commercial industry. A scaled-up transport system, based on results of
Year 1 findings, will be designed and tested under commercial operations. The transport
system will be a smaller scale replicate of the system currently in use by Cates
International, Inc.
The proposed system will be composed of a cylindrical fiberglass or polyethylene tank
(~500 L) that can be picked up by crane and moved from truck to boat. The system
will be supplemented with a water treatment system composed of a pump, bag filter (to
remove scales, feces, and other particulate matter), protein skimmer to assist in removing
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mucous, water monitoring equipment to monitor water quality, and controller unit to
maintain dissolved oxygen at controlled levels. Fish will be handled using optimized
procedures as developed under Year 1 Objectives 3 and 4.
Multiple fields tests will be conducted in parallel with commercial shipments, initially
starting at standard transport densities (~10 g/L) and incrementally increasing densities
to 20, 30, 40 and 50 g fish/L on subsequent shipments. OI staff will monitor water
quality and fish health throughout the shipments to validate methods and/or modify
equipment and procedures based on field test results. Fingerlings will be maintained in
this system from hatchery, through transfer by truck and boat through to the stocking
site at the commercial cage. At the cage site, fingerling performance (i.e., survival) will
be enumerated, and fish will be stocked with larger shipped fish into the commercial
cage (for free) in exchange for access to trucks and other facilities.
Objective 4: Submit recommendations on optimal handling and
transport techniques for distribution via a fact sheet and publication
in Regional Notes, the CTSA newsletter.
Information gathered from experimental studies will be disseminated to interested
commercial operators for testing, evaluation, and potential implementation.

Work Planned
Under our Year 2 work plan, OI will continue efforts to improve water quality and
increase the maximal “safe” density for transporting moi fingerlings to offshore cages
through use of anesthetics during handling, along with lower transport temperature and
lowered salinity. Using the simulated transport system developed in Year 1, we will
determine the optimum size/age at which to transport fish. A scaled-up transport system,
based on results of Year 1 findings, will be designed and tested under commercial
operations. For further details, see the previous “Work Progress” section.

Impacts
The findings of this project will benefit development of the growing marine finfish industry by facilitating the safe, cost-effective movement of marine finfish fingerlings between
hatchery and growout facilities across Hawaii and the U.S.-affiliated 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.
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Pacific threadfin (Polydactylus sexfilis) aquaculture is an emerging success story
in the effort to promote industry expansion and economic diversification of marine
resource utilization. The Pacific threadfin was historically a prized food and sport
fish that had not been widely available to consumers starting in the early 1980s due
to reductions in wild stocks. The CTSA marine food fish project supported key
research and development in hatchery and growout technologies that have led to a
budding Pacific threadfin aquaculture industry in Hawaii. The Oceanic Institute has
played critical roles in supplying eggs and fingerlings necessary for commercial
startup. OI has been also providing the substantial on-site training at OI and offsite (on-farm) technical assistance (funded by CTSA and DLNR) necessary to
nurture this growing industry throughout the islands.
The last few years have seen the successful operation and demonstration of threadfin
culture in submersible cages under Sea Grant-funded “Hawaii Offshore Aquaculture Research Project” in which OI and the University of Hawaii jointly demonstrated the feasibility of offshore cage culture in Hawaii. In June 2001, Hawaii’s
first offshore production farm (Cates International, Inc.) began operation, a second operation (Kona Blue Water Farms) had its first harvest of a finfish it calls
Kona Kampachi in September 2005, and at least one more marine foodfish production operation is currently under development. The industry is clearly poised
for a period of rapid growth and expansion, as the potential for large-scale offshore production of marine finfish, such as the Pacific threadfin is established.
The rapid expansion of the marine finfish industry has already outstripped the available
supply of hatchery-reared fingerlings. A single operation (Cates) is currently targeting
production of more than two million fingerlings per year, and several other commercial
operations are starting production. Scaled-up hatchery and growout operations provide new opportunities to achieve economies of scale in commercial operations.
Current handling and transport methods, however, were developed for movement
at the research- or pilot-scale and 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 openocean, and facilitate scale-up of production to levels that 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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Appendices

FIGURE 1. Photograph
showing “shake-down”
transport trial examining
the effect of transport density on survival of Pacific
threadfin fingerlings.

FIGURE 2. Mean (±S.E.)
mortality rates at different
densities of moi fingerlings
held in a 25 L transport tank
for up to 8 hours.

FIGURE 3. Mean (±S.E.)
TAN concentrations at densities ranging from 12 to
32 g moi fingerlings/L of
held in a 25 L transport tank
for up to 8 hours.
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FIGURE 4. Mean (±S.E.)
mortality rates at densities
ranging from 10 to 50 g moi
fingerlings/L held in a 25L
transport tank for up to 8
hours, second trial.

FIGURE 6. The effect of
reducing water temperature
from 26 °C to 21 °C, lowering salinity from 33ppt to
24ppt, and handling under
light anesthesia with MS222
(20 g/L) and a combination
of all three treatments on
mean (±S.E.) fingerling
transport survival at 20 g
fish/L for six hours.
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FIGURE 5. Mean (±S.E.)
TAN levels throughout
simulated shipping of moi
fingerlings at densities
ranging from 10 to 50 g
fish/L.

Amberjack (Seriola rivoliana)
Nursery Fingerling Production,
Year 1

General Information
Reporting Period

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

Funding Level

Year
1

Participants

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

Amount
$100,000

Objectives
1. Determine the maximal stocking density for nursery production systems under
advanced partial water reuse system technologies.
2. Disseminate project findings through on-site working sessions and via a fully written nursery protocol for industry dissemination.
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Principal Accomplishments
Objective 1: Determine the maximal stocking density for nursery
production systems under advanced partial water reuse system
technologies.
This project has experienced long-term delays. With a failure of captive kahala –
or longfin amberjack (Seriola rivoliana) – broodstock to yield viable eggs and
with recent mortality events in the Oceanic Institute’s Pilot Production Hatchery
facility, we have been asked to consider changing research focus from kahala to
moi (or Pacific threadfin) to assist with the development of the emerging industry.
Toward this goal, CTSA executive director Dr. Cheng-Sheng Lee is working with
stakeholders to devise project design modifications that will be submitted together
with a project extension request associated with the project delays.
Note: After this proposal, originally titled “Greater Amberjack (Seriola dumerili)
Nursery Fingerling Production,” had been written, it was discovered that kahala
actually represented two different species of fish. The species the industry in Hawaii
works with is the longfin amberjack, Seriola rivoliana.
Objective 2: Disseminate project findings to the industry through
on-site public working sessions and a full written nursery protocol for industry dissemination.
This objective cannot be accomplished until Objective 1 has been completed.

Impacts
Bottlenecks in nursery phases just prior to stocking offshore cages have quickly
become limiting factors to industry startups. Hawaii is leading the nation in openocean culture, but the young business could disappear if it cannot access enough
fingerlings. Pilot-scale procedures currently in place for Pacific threadfin (or moi)
production are simply insufficient to meet the growing demand of offshore cage
production facilities. This situation will only get worse as the industry begins to
intensify as it strives to obtain the economies of scale necessary for commercial
success.
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Recommended Follow-up Activities
It is expected that current “low-tech” approaches that are currently stretched to
deliver 100,000 threadfin fingerlings can be intensified further to reliably deliver
from the same tank two to four times the current fingerling supply. The next project
should test and verify this idea, and disseminate the developed improvements as
quickly as possible.

Publications in Print, Manuscripts, and
Papers Presented
None to date.
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Post-harvest Handling and
Storage of Limu, Year 1
General Information
Reporting Period

December 1, 2003–September 30, 2005

Funding Level

Year
1

Participants

Robert E. Paull, Ph.D., Department Chair and Professor
Department of Tropical Plant and Soil Sciences
College of Tropical Agriculture and Human Resources (CTAHR)
University of Hawaii at Manoa

Amount
$49,972

Nancy Jung Chen, Ph.D., Researcher
Department of Tropical Plant and Soil Sciences
CTAHR, University of Hawaii at Manoa

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

Work Progress and Principal Accomplishments
General Comments
An interruption occurred in funding from June 1, 2005 to August 30, 2005, due to
a project termination date extension not being completed. The College of Tropical
Agriculture and Human Resources allowed no expenditures during this period,
and Dr. Chen had to be transferred to another project account. Hence, no research
was carried out during this period.
The average shelf life for limu after harvest is four days. When stored at room
temperature, limu can be maintained for two days with a fresh harvest appearance,
then the thalli starts to change from brown to a pinkish color to a purplish color
from the tip of the thallus. On the fifth day, the limu color is pink and unappealing
and regarded as unacceptable for sale. However, within the same cluster, the rate
of color change varies widely, as not all thallus tips on the same cluster change
color at the same time.
Objective 1: Determine whether various post-harvest dips in
calcium-nitrogen solutions can assist in quality maintenance.
A substantial difference exists in shelf life of limu with the same date of harvest. In our
experiments, the shortest shelf life has been three days and the longest nine days, and
the average shelf life has been four days. The cause of this variation is unknown.
We hypothesized that the variation was associated with nutrition prior to harvest.
So, we analyzed samples of limu for nitrogen, nitrate, and calcium content at the
end of the storage period. We found no correlation between the weight of the thalli
and the percent of discoloration after six days at 17 oC. The pink discoloration
was negatively correlated with the nitrogen and nitrate contents in the thalli and
positively correlated with the calcium content. After six days of storage, the higher
the calcium content in the thalli, the higher the discoloration severity.
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In general, the thalli with less discoloration had higher nitrogen and nitrate contents.
These correlations were significant at P <0.01. Nitrate content had the highest
correlation value (Figure 1). Loading the limu pre-harvest with nitrogen could
possibly extend shelf life. The post-harvest calcium and nitrogen dips, however,
did not improve the firmness of individual thallus (Table 1).
Previously, studies had shown that a two-minute dip had no effect on limu postharvest quality. An extended nitrogen and nitrate dipping was carried out to
determine if the length of dipping improved post-harvest life. Dipping limu in seawater
with nitrate ions at 1 and 10 ppm for 60 minutes and then storing it at 17 oC did not
improve shelf life (Figure 2). Post-harvest dipping of limu in seawater slightly reduced
the limu quality.
Limu thalli were dipped in 10 mM Ca(NO3) and CaCl2 for periods of five or 60
minutes. Limu was dipped in heated seawater at 38 oC or 42 oC for periods of
five, 15, and 30 minutes. All samples were then cooled in seawater and stored at
17 oC in the dark.
Non-heat-treated limu had an acceptable appearance for six days, however, the thalli
were broken into small pieces and no branching structure remained. Treating limu for
five minutes at 42 oC in seawater retained thalli branching and delayed discoloration.
Steady Chromameter “a” and “b” values (Figure 3) showed the delay in discoloration,
while an increase in Chlorammeter “a” and “b” value is an indication of discoloration
that did occur when given a 30-minute hot-water treatment. Limu subjected to a 30minute heat treatment had a shelf life as short as the control, as indicated by the appearance
scale (Figure 4) and discoloration (Figure 4).
Limu heated to 42 oC for five minutes had the longest shelf life of eight days. More
moderate heat treatments of five minutes at 38 oC did help retain appearance,
delay deterioration, and extend shelf life when stored at 17 oC. When compared
with other heat treatments used for fruit, a shorter period was needed for limu to
adjust for thallus thickness. The result also suggests that the variation in limu shelf
life observed previously could be the result of heat exposure during the growing
conditions just prior to harvest.
Objective 2: Determine whether modified atmosphere packaging
can maintain quality and extend post-harvest life.
Lowering the moisture content and dehydration does induced discoloration and
cellular leakage in limu. Limu discolors slower in an airtight container, but limu in a
sealed container had the same shelf life as limu in a plastic bag. Lowering the air
content of storage bags, by vacuuming it down to 50% and 80% content, extended
shelf life. Containers with high gas-exchange rates were the least effective in
extending limu shelf life. Among all plastic membranes tested, the thicker the plastic
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membrane, the slower discoloration occurred. D599, a shrink wrap film with a
high exchange rate that is often used on fresh produce, was the worst performing
film.
Limu tissues stored in the dark had a better appearance and higher colorimeter
value than limu stored in the light (Table 2).
Limu was not an ideal candidate for high-pressure processing because of its high
water content. When treated at pressures higher than 100 MPa, discoloration and
electrolyte leakage was immediately observed. Discoloration and leakage were
not immediately detected in tissue treated at lower pressure (<100 mPa) but
appeared after one day at 17 oC (Table 3). High pressure did effectively reduce
the microbial population.
Limu fully immersed in seawater and kept in the dark can be kept in a viable state
for more than a month with no discoloration. The thalli that were not immersed in
the seawater discolored after two weeks.
Objective 3: Determine whether post-harvest treatments can
minimize epiphytic growth.
The microbial epiphyte found were obligate halophytes that only grow in the presence
of salt. The initial microbial population varied from 3,000 to 28,000 and was not
related to shelf life. High concentrations of chlorine did not reduce the microbial
count, and it increased the rate of discoloration and seemed to increase the
multiplication rate. When stored at 17 oC, the microbial count (Cfu - Colony forming
units) increased rapidly from thousands to millions in the first few days. The
multiplication rate was slower over the next three days, going from millions to onehundred million. Chlorine had a significant adverse effect on the post-harvest quality,
especially at 50 ppm, when it discolored after one day of storage.
Materials and Methods
Material: Limu were purchased from Hawaiian Marine Enterprises or other
suppliers at the Tropical Fish and Vegetable Center and had been delivered to
Honolulu the morning after harvest. Limu were separated, placed in plastic bag
and stored accordingly at various temperatures.
Subjective evaluation: Color and fresh weight loss: Overall condition was estimated
based on a scale from 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 from 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.
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Ethylene production and Respiration: 500 g of limu in a plastic bag was placed
in a sealed container at room temperature. A 1ml air sample was taken from the
head space at various periods of time after sealing and analyzed for ethylene
production, using a gas chromatography fitted with an alumina column (75 oC) and
photo-ionization detector at 125 oC, and a carrier gas flow rate of 25 ml/min. A
1ml air sample from the headspace was also injected into a CO2 infrared gas
analyzer. Nitrogen gas was used as carrier gas.
Phycobilin: 10 g of limu was ground with 50 ml of 100 mM 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 pellet discarded. The absorption of
aqueous extract was measured at OD564 and OD 497. An aliquots of supernatant
was used to measure the protein concentration using the Lowry method of protein
analysis.
Electrolyte Leakage: A 10 g sample was washed with distilled water three times
and placed in 50 ml 0.6 M of mannitol solution with 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
the total conductivity was measured. The electrolyte leakage is represented as the
percentage of total conductivity.
Dry weight: Tissue (10 g) was dried at 80 oC in an oven for two days, and then the
dry weight was measured.
Firmness: Individual thallus from each sample group was trimmed to 3 cm before
the compression reading was taken. Each point was the average of the measurements
of 35 thalli.
Measurement of epiphytic growth: Tissue was taken aseptically and sealed with
equal volume of 3% NaCl and 0.1% peptone in a sterile stomacher bag (Fisher,
Model 80 15x10 cm). Samples were pummeled for two minutes at medium speed.
The homogenate was diluted with 3% NaCl and 0.1% peptone. The dilutions
were plated out on Difco Plate Count Agar with 3% NaCl and incubated at room
temperature. The total microbial population (Cfu=Colony forming unit) was counted
after incubated at room temperature for 48 hours.
Calcium/ Nitrogen/nitrate content: Tissue analysis was done in the Agricultural
Diagnostic Service center.
Calcium/ Nitrogen Application: Equal amounts of tissue were dipped in various
concentrations of calcium, nitrate, and ammonium solution at periods of two and
60 minutes. Treated limu was dripped dry and placed in plastic bags before stored
under different conditions.
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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 may be necessary
to increase sample size for each treatment and possibly increase the number of
replications.
Ion Treatments (Ammonium and Calcium) and Storage Temperature
This research will focus on both Molokai and Oahu material, testing different preharvest and post-harvest dipping treatments. The focus will be on the use of
ammonium and to a lesser extent on calcium treatments. We will run a larger series
of tests on the use of heat treatments to extend shelf life and determine if some of
the batch-to-batch variation is due to pre-harvest heat exposure.
Modified Atmosphere Storage
We will test different packaging methods, using different initial concentrations of
oxygen and carbon dioxide in containers that have different permeabilities. Under
this objective, we will continue to explore the potential applications of different
packaging methods to prolong the shelf life of limu. We will exploit the possibility
of packing limu in seawater to retain its viability.
Epiphytic Growth
We will focus on other agents to reduce the epiphytic population.

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

Appendices

FIGURE 1. Correlation
between nitrogen content,
nitrate, and calcium with
% discoloration in limu
stored at 17oC for 6 days
in the dark.
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FIGURE 2. The Minolta color values of limu during
storage following different post-harvest treatments.
Limu thalli were dipped in K, Na, and Ca nitrate for
60 minutes and stored at 17 oC.
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FIGURE 3. Effects of hot water treatments on
limu Chromameter “a” and “b” values. Increasing values indicated discoloration.
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FIGURE 4. Effect of heat treatments on
limu discoloration and overall appearance.
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TABLE 1. Firmness of the individual limu thallus measured with a texture
analyzer. Data reported as g/unit area. (Mean + SD).
Dipped 5 minutes

Firmness

Dipped 60 minutes

Control

Sea water

Ca(NO3)

CaCl2

Sea water

Ca(NO3)

CaCl2

423.7 ±106.4

390.9 ±139.3

421.4. ±175.0

414.4 ±140.5

415.8 ±119.6

400.1 ±119.8

455.3 ±157.9

TABLE 2. The appearance and color meter “a” and “b” values of limu
stored in the plastic bags with different thickness. Bags were stored at 17 oC
in the light or in the dark.
Store in the light at 17oC
days after harvest
Thickness of plastic, mm
3 Days

6 days

App

a

b

App

a

b

0.0125

2.3

2.35 ±0.47

1.36±0.78

6

11.07 ±2.59

13.71 ±4.38

0.5

3

2.05 ±0.48

1.10 ±0.80

6

13.06 ±2.77

15.27 ±3.47

0.83

4

2.69 ±0.94

1.71 ±1.16

6

9.48 ±1.58

10.70 ±2.44

Shrink Wrap D599

3.5

4 ±1.1

1.99 ±1.37

.6

±3.36

9.42 ±3.8

Store in the dark at 17oC

days after harvest
Thickness of plastic, mm
3

Days

6 days

App

a

b

App

a

b

0.0125

2.6

2.23 ±0.48

1.47±0.51

3.6

6.72 ±2.95

8.20 ±4.38

0.5

1.6

2.40 ±0.54

1.47 ±0.90

4

6.77 ±3.29

8.46 ±4.16

0.83

2

2.52 ±0.57

1.71 ±1.78

4.3

6.37 ±3.02

7.52 ±3.98

Shrank Wrap D599

3

2.50 ±0.57

1.82 ±1.33

3

7.92 ±2.55

9.88 ±3.87
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TABLE 3. Minolta color readings and electrolyte
leakage of limu treated in high-pressure machine
under different pressure for five minutes. Measurements were taken right after treatment.
Minolta colorimeter value
Pressure at

Electrolyte leakage

a

b

%

0 MPa

2.78

1.19

16.65

100 MPa

3.27

1.79

14.52

200 MPa

6.84

4.94

26.44

300 MPa

9.18

6.76

83.3
96.95

Cooked

TABLE 4. Microbial population in limu dipped in
chlorine for two minutes and stored at 17 oC in the
dark. Colony forming unit (Cfu) was counted after
the plates were incubated at room temperature for
two days.
Days after harvest
Treatment
0

3

6

Chlorine (ppm)

% Discoloration

Cfu/g

% Discoloration

Cfu/g

% Discoloration

Cfu/g

Control

0

3.4 x 10 7

5%

3 x 10 7

55%

6 x 10 9

5 ppm

35%

2 x 10 9

45%

1.2 x 10 9

20 ppm

15%

2 x 10 8

70%

5.4 x 10 8

50 ppm

80%

1.3 x 10 9

100%

1.2 x 10 9
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Development of Cost-effective,
High-Performance Feeds for
Chinese Catfish (Clarias fuscus)
General Information
Reporting Period

September 1, 2005–September 30, 2005

Funding Level

$35,000

Participants

Clyde S. Tamaru, Ph.D., Extension Specialist
Sea Grant Extension Service, University of Hawaii at Manoa
Albert Tacon, Ph.D., Affiliate Specialist
Sea Grant Extension Service, University of Hawaii at Manoa; Aquatic Farms
Harry Ako, Ph.D., Interim Department Chairman and Professor
Department of Molecular Biosciences and Bioengineering (MBBE)
College of Tropical Agriculture and Human Resources (CTAHR)
University of Hawaii at Manoa
PingSun Leung, Ph.D., Professor
MBBE, CTAHR, University of Hawaii at Manoa
Jeff Koch
Mokuleia Aquafarms
Ron Weidenbach
Hawaii Fish Co.
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Objectives
1. Conduct a thorough literature review of the nutritional requirements of Clarias
fuscus and other species with similar biological requirements.
2. Based on the literature review, develop and recommend different practical
feed formulations for Clarias fuscus for subsequent testing and evaluation.
3. Conduct an experimental feeding trial to compare current commercially available feeds with the new feed formulations.
4. To conduct a thorough analysis of the results of the feeding trial from a nutritional, production and economic standpoint.

Anticipated Benefits
This project expects to produce the following deliverables:
•

Information that would be useful for the identification of the most cost-effective commercial growout diet.

•

Improved production efficiency of Chinese catfish production enterprises.

•

Increase in overall Chinese catfish production statewide

Work Progress and Principal Accomplishments
Objective 1: To conduct a thorough literature review of the
nutritional requirements of Clarias fuscus and other species with
similar biological requirements.
A literature review of the existing literature is currently underway. In addition, the
co-investigator, Dr. Albert Tacon, has applied for a full-time position and his start
date has temporarily been put on hold until clarification of his status is known.
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Objective 2: Based on the literature review, develop and
recommend different practical feed formulations for Clarias
fuscus for subsequent testing and evaluation.
Project has just started, and no progress has been made to date.
Objective 3: Conduct an experimental feeding trial to compare
current commercially available feeds with the new feed
formulations.
Project has just started, and no progress has been made to date.
Objective 4: To conduct a thorough analysis of the results of the
feeding trial from a nutritional, production and economic standpoint.
Project has just started, and no progress has been made to date.

Work Planned
Clarification of the position of Dr. Tacon should occur during the next reporting
period. In the event that he is unavailable for the project, the PI (Dr. Tamaru) will
assume his duties. Upon completion of the literature review, participants will produce
several formulated diets and test them at laboratory scale during the next reporting
period. Using the best result from the experimental diets, we will conduct a test to
compare the performance of the experimental diet against currently available
commercial diets. We will submit a manuscript to a referee journal for publication;
the manuscript will contain a summary of the project results. Likewise, we plan to
hold two workshops to disseminate results to interested stakeholders.

Impacts
None to date, as the project has just opened.
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Publications in Print, Manuscripts, and
Papers Presented
None to date, as project has just started.
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Evaluation and Propagation
of Tilapia for a Self-sufficient
Tilapia Industry on Guam,
Year 2
General Information
Reporting Period

February 1, 2005–September 30, 2005

Funding Level

Year
1
2

Amount
$50,200
$52,964

TOTAL

$103,164

Participants

David P. Crisostomo, Extension Agent IV, Associate Professor
Cooperative Extension Service, University of Guam
Victor Camacho, Peter Barcinas, Josh Golder, Francine Taitingfong,
Kristen Cruz, and Josephine Superales
Guam Aquaculture Development and Training Center (GADTC)
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. Establish a raceway-based hatchery at the GADTC with the broodstock
matured during the first year.
2. Determine reproductive rates for each of the five strains of tilapia under investigation.
3. Determine the management requirements of each of the five strains of broodstock
in a raceway system.
4. Combine the information on growth and reproduction of each of the five strains
in an economic analysis to decide which two strains will be kept as the basis of
a self-sufficient tilapia industry on Guam.
5. Conduct workshops to educate producers on the proper methods to culture
tilapia, using improved tilapia strains, and educate producers on the management and operation of a tilapia hatchery.

Anticipated Benefits
This project will directly benefit the aquaculture industry by providing a local source
of tilapia to commercial and non-commercial tilapia producers in Guam. This development of a local source alone will greatly minimize the chance of the introduction of exotic organisms, especially disease organisms that could damage or destroy the aquaculture industry in Guam. It will also benefit the industry economically, by providing verified growth standards for tilapia. After all, imported fish
may possess substandard growth characteristics and lead to decreased economic
return to the tilapia producer.
Additionally, the project will allow producers to purchase fish on an as-needed
basis throughout the year, as opposed to bulk ordering and stunting practices now
used by farmers. The stunting of tilapia is not a recommended practice, as it provides less economic return compared to stocking for maximum growth. Smaller
producers requiring tilapia fry monthly will benefit from the local availability. Improved production will result from the superior health and quality of fish produced
in a local hatchery, since the local tilapia won’t suffer stress from handling and
shipping.
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Work Progress and Principal Accomplishments
Objective 1: Establish a raceway-based hatchery at the GADTC
with the broodstock matured during the first year.
We have designed a hapa-based system for the raceways at the GADTC. The
hapa nets measure approximately 8 ft. by 10 ft. Two opposing sides of the hapa
net include loops every 10 to 12 inches. They are supported through the loops on
a sliding rail, so that the net can be gathered to one end and fish sorted to collect
eggs. We also use a 10-foot, sealed piece of 4-inch PVC pipe. We have constructed five hapa nets to date and have nine more under construction.
A necessary requirement of a commercial tilapia hatchery is the production of allmale tilapia juveniles to stock commercial ponds. To this end, we have acquired a
permit under the U.S. Fish and Wildlife Service’s National Investigational New
Animal Drug (INAD) Program. This permit will allow the project to utilize 17
alpha methyltestosterone (17 MT) in the masculinization of tilapia fry.

Work Planned
Work for the next period includes construction and installation of all hapa nets. We
will stock hapa nets with five varieties and monitor each hapa net weekly for egg
and fry production. We will set up hatching jars to incubate collected eggs. We will
acquire treated feed from the authorized dealer (Rangen), and we will treat fry
according to protocols established under the INAD permit. We will establish breeding protocols. We also anticipate that we will accomplish the training of aquaculture professionals in the next period.

Impacts
No findings have been made yet in this year’s project. However, the benefit to the
economy will include the reduction of imported tilapia fry. The annual importation
of tilapia fry (600,000-800,000 pieces) amounts to about $25,000 to $35,000.
The economic benefit to keeping this money in the local economy will be compounded as it is circulated through the economy. Additionally, economic benefit
also comes from purchasing fry when needed and not requiring pond space to
hold fish because they may not be available at certain times of year from off-island
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sources. The biggest impact, however, may come in the form of safety to the
industry, reducing the risk of disease introduction.

Publications in Print, Manuscripts, and
Papers Presented
None to date.
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Improved Stocks and
Management Practices
for Commercial Tilapia Culture
in Hawaii and the Pacific Region
– Hawaii Component, Year 3
General Information
Reporting Period

September 1, 2005–September 30, 2005

Funding Level

Year
3

Amount
$53,950

Note: For Years 1 and 2, please see the previous progress report for the
project titled “Evaluation and Propagation of Tilapia for a Self-sufficient
Tilapia Industry on Guam.”
Participants

James P. Szyper, Ph.D., Extension Specialist
Sea Grant Extension Service, University of Hawaii at Manoa
Kevin D. Hopkins, Ph.D., Interim Director and Professor
Pacific Aquaculture and Coastal Resources Center, University of Hawaii at Hilo
Cedric Muir, Ph.D
College of Natural Sciences, University of Hawaii at Hilo
Clyde S. Tamaru, Ph.D., Extension Specialist
Sea Grant Extension Service, University of Hawaii at Manoa
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Objectives
The overall goals of this project are to enhance commercial tilapia production in
Hawaii by establishing tested breeding stocks, producing fingerlings and comparing
their growth with local stocks, and demonstrating breeding and production
management protocols that are widely communicated.
1. To establish a tilapia quarantine and project working area at the UHH
aquaculture program facility.
2. To obtain permits and import:
a. fingerling blue tilapia, Oreochromis aureus (a state-permitted species on
list C: permitted for commerce) from a suitable commercial farm source
that will guarantee disease-free stock.
b. fingerling Nile tilapia, Oreochromis niloticus (recently approved for list
A: restricted, research) from a similar commercial source.
3. To quarantine the imported stocks (both species, if permits are granted) pending
examination, and to obtain certification of disease-free status by the state fish
health management program.
4. To grow and mature breeding stocks from the imported population(s), both
species if permits are granted.
5. To produce offspring from the new breeder stocks of O. aureus, and to use
them to institute a breeding management program.
6. To obtain three existing commercial tilapia stocks from within the state, and to
perform the first growth comparison trial between in-state and imported stocks
(both species if permits are granted).
7. To characterize the imported (both species) and comparison stocks for genetic
identification by microsatellite DNA markers.
8. To communicate the first year’s results (broodstock management protocols,
growth comparisons, draft of good management practices) in public workshops
and in widely accessible written materials.
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Anticipated Benefits
This new Hawaii project will address the major industry constraints by making
experimental determinations of the growth potential of selected local stocks compared with one or more disease-free, permitted imports on a secure university site.
Genetic analysis will be used to characterize stocks and provide a baseline for
further comparisons, including detection of changes (if any) in the stocks under
breeding management.
Results of these relatively straightforward determinations will be used to address
the hypothesis that Hawaii’s demonstrably introgressed stocks (Szyper et al. 2000)
have detectable genetic differences from good commercially available stocks and
demonstrable disadvantages in production qualities, such as growth rate in production systems and survival rates of offspring. Another hypothesis to be tested is
that the modest-cost breeder management program will result in much smaller
genetic differences during the term of the project than the differences found at the
beginning among stocks (some of which have been documented in Szyper et al.
2000).
The project will develop and transfer information on good management practices
for tilapia breeding and on tilapia culture in general. The project also will offer
modest numbers of fingerlings to the community during the two-year term of the
project, subject to protocols and agreements to avoid interference with markets
and subject to quarantine and transfer controls with the assistance of the state fish
health management program.

Work Progress and Principal Accomplishments
Given the starting date of September 1, 2005, this report covers only one month
of project operation. We have accomplished some work for a few objectives in
this short time (see below). Progress has not been made yet on the objectives not
listed below.
Objective 1: To establish a tilapia quarantine and project working
area at the UHH aquaculture program facility.
Completed. Most of the project activities take place at the farm facility of the
aquaculture program at the University of Hawaii at Hilo (UHH). We have
established a tilapia project working area at the farm, including shared space in the
laboratory and greenhouse. For fish holding and breeding activities, we have outfitted
four outdoor tanks of 5.5 m (18 ft.) diameter with shade cloth covers supported
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by frames of plastic pipe. We have built four floating net pens for use within the
tanks for separating groups of fish.
Objective 2a: To obtain permits and import fingerling blue tilapia,
Oreochromis aureus (a state-permitted species on list C: permitted
for commerce) from a suitable commercial farm source that will
guarantee disease-free stock.
Permit obtained, supplier contacted. We have obtained a state import permit for
juvenile blue tilapia, Oreochromis aureus, and have made contact with a supplier
on the U.S. mainland. We have submitted an animal care protocol to the appropriate
UH organization, the Institutional Animal Care & Use Committee (IACUC). A
student assistant from UHH has been hired. Support has been established for a
UHH graduate student in Dr. C. Muir’s laboratory at UHH. Supplies have been
ordered in support of the collaborative work (genetic characterization of fish stocks)
with this lab and for the overall project.
Objective 7: To characterize the imported (both species) and
comparison stocks for genetic identification by microsatellite
DNA markers.
Lab supplies ordered; lab is working on protocols.

Work Planned
During the remainder of Year 1, the project will obtain approval for its animal care
protocol, have the student assistant complete the online animal care training, import
fingerling blue tilapia, have them examined by the state aquaculture health
management team, sample them for genetic characterization, grow them to breeding
size and obtain offspring, and allocate these into families to be used in a demonstration
of a rotational breeding pattern that will minimize genetic deterioration of the stock.
If fish growth and reproduction proceed at a sufficient pace, we will arrange to
obtain fingerlings of locally held commercial tilapia stocks for growth comparisons.
Toward the end of the year, we will present interim results in public sessions and
printed publications.
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Impacts
When this project is completed, producers will experience improved production
from better stocks and will not have to spend time and expense on sorting out the
possibilities and arranging access. The industry will be more sustainable with
research-based protocols for importation, quarantine, and transfer (minimizing
disease import and transmission), and for maintenance of the genetic quality of
breeders.
Additionally, entry into the business of supplying fingerlings to other producers will
be encouraged by the experimental results, the protocols and their demonstration,
as well as by the active dissemination of the information. Potential new entrepreneurs
will have enhanced information available for consideration.

Publications in Print, Manuscripts, and
Papers Presented
None to date.
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Sturgeon Aquaculture in Hawaii,
Year 2
General Information
Reporting Period

July 1, 2004–June 30, 2005; no-cost extension through
December 31, 2005 (Year 2, final report)

Funding Level

Year
1
2

Amount
$18,635
$11,335

TOTAL

$29,970

Participants

Robert D. Howerton, Ph.D., Extension Specialist (Principal Investigator, Year 2)
Sea Grant Extension Service, University of Hawaii
Kevin D. Hopkins, Ph.D. , Interim Director and Professor (PI, Year 1)
Pacific Aquaculture and Coastal Resources Center, University of Hawaii at Hilo
James P. Szyper, Ph.D., Extension Specialist (PI, Year 3)
Sea Grant Extension Service, University of Hawaii at Manoa
Frank Chapman, Ph.D.
University of Florida
Howard Takata
dba Hawaiian Sturgeon & Caviar Company
Robert Kern and John Santangelo
Tropical Ponds of Hawaii
Ron Wiedenbach
Hawaiian Fish Co.
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Jeff and Linda Koch
Mokuleia Aquafarms
Brent Burkott
Hawaii Farm Fresh Seafood
William Lansford and Jo Sosna
Aquatic Ventures, Inc.

Objectives
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.
3. Determine optimal temperature requirements for sturgeon larvae and fry
culture.

Principal Accomplishments
In Year 1, incubation systems were used to hatch and nurse A. gueldenstaedti
eggs. Participants learned that obtaining imported eggs or larvae can be problematic,
yet four populations of Siberian sturgeon are surviving on two Hawaiian Islands,
Oahu and Hawaii. Plans for Year 2 were to carry out the larval and fry feed trials,
including the use of enriched live feeds and the use of three commercially available
feeds formulated for other species. Incubation and nursery protocols from the
Year 1 results were to be reviewed, improved, and tested with two new batches of
eggs.
Deliverables expected from this project included elucidation of optimal water quality
parameters for sturgeon larval and fingerling rearing, development of feeding
protocols (including the transition to artificial feeds), and, finally, a published manual
outlining sturgeon larval and fry rearing techniques. All of these results were to be
made available to interested farmers through written technical reports and Sea
Grant/UH-Hilo sponsored workshops.
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No objectives, however, were achieved on this project. We were unable to obtain
any egg-sac larvae, fry or fingerlings. The following is a list of the individuals and
institutions contacted throughout the grant period:
Mr. Valentin Artemov
Director, Mozhaysky State Experimental Sturgeon Hatchery Mozhaysky, Russia
Dr. Edouard V. Boubounets
Chief of the Division of Fish Implantation and Export-Import Supplies of Alive
Aquatic Organisms Central Department for Fisheries Examination and Norms
(TSUREN) Moscow, Russia
Dr. Victor A. Dvoryanbkov
Russian Academy of Natural Sciences, Moscow, Russia
Mr. N. Lychak
Head of International Cooperation Department, State Committee of Russian
Federation of Fisheries, Moscow, Russia
Mr. Krassimir Kostov
KAMI-Krassimir Kostiv, Sofia, Bulgaria
Mr. R. Voronin
Moscow, Russia (Contacted by e-mail)
Dr. Martin Hochleithner
AquaTech, Austria
Dr. Frank Chapman
University of Florida, Tallahassee, FL

Impacts
This project has not been able to further efforts to provide information critical to
the development of a local sturgeon industry in Hawaii. Despite setbacks
experienced during this project, however, commercial producers remain determined
to grow through diversification and maintain interest in sturgeon as a potential
means of expansion. If and when sturgeon culture becomes profitable in Hawaii,
the industry will have a new freshwater option for local sale and potential competitive
position in export markets.
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With the renewed interest in sturgeon culture that has taken place in recent years,
stakeholders have been determined to see research that could help break through
some of the bottlenecks to successful larval and fingerling culture as well as induced
spawning (Mohler et al, 2000). While a considerable amount of sturgeon culture
research has been performed in Europe on European species, a paucity of
information exists about sturgeon culture in less temperate climates.
Culture trials conducted with Russian sturgeon (Acipenser gueldenstaedti) using
cool water (20 oC to 23 oC) sources on the islands of Hawaii and Oahu have
shown some success and have led to increased interest among private commercial
farmers. It is well known that the number of freshwater food fish species currently
being cultured in Hawaii is very limited. Commercial producers are very interested
in expanding opportunities to diversify, and sturgeon appears to be very promising.
In preliminary culture trials, A. gueldenstaedti has exhibited growth rates two to
three times faster than rates attained in the temperate climates of its native range.
Moreover, gonadal maturation has been observed to occur in some fish at five
years of age, a considerably shorter period of time than that found in wild animals
(Doroshov et al., 1997). These rapid growth rates combined with the high value of
the caviar from this species (second in price only to beluga caviar) provided
encouragement to Hawaii farmers looking for another species to culture.

Recommended Follow-up Activities
Producers in Hawaii desire access to documented, workable sturgeon production
protocols – and Year 3 of this project has as its goal to provide that information.
This project shall determine parameters and conditions for the growout phase of
production, with some attention to artificial spawning of locally matured stocks.

Publications in Print, Manuscripts, and
Papers Presented
Since no objectives were accomplished, no publications, manuscripts or papers
have been created as a result of this project.
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Intensive Microalgae
Production, Year 1
General Information
Reporting Period

September 1, 2005–September 30, 2005

Funding Level

Year
1

Participants

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

Amount
$35,000

Aaron Ellis, Research Assistant
Live Feeds Research and Development, Oceanic Institute
Gary Karr, Director
Communications and Education, Oceanic Institute

Objectives
The goal of this project is to evaluate algal photo-bioreactor technology as an
alternative to tank/raceway-based production systems for use by aquaculture
operations in Hawaii and the U.S.-affiliated Pacific Islands.
Year 1
1. Complete industry survey on algal production requirements.
2. Generate a current review of available algal bioreactors systems, examining
costs of setup and operation for publication in the CTSA Regional Notes
newsletter.
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3. Commission pilot-scale algal photo-bioreactors to evaluate actual cost
and ease of setup.
4. On-site operation and testing of algal photo-bioreactors with several
species of marine microalgae.
5. Provide education and training to the aquaculture industry through
workshops, fact sheets, and continuing education programs at the Oceanic
Learning Center (OLC).
Year 2
1. Review the performance of algal photo-bioreactors in commercial settings
on multiple islands in Hawaii and the Pacific.
2. Conduct workshops at multiple sites in Hawaii and the Pacific.
3. Establish permanent demonstration systems at the OLC for continued longterm use in training of students and industry.

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

Work Progress and Principal Accomplishments
Objective 1: Complete industry survey on algal production
requirements.
We are currently in the final stages of developing an industry survey for distribution
to all HAA members. The survey will be distributed by way of e-mail in midNovember.
Objective 2: Generate a current review of available algal bioreactor
systems examining costs of setup and operation for publication
in CTSA notes.
Toward this objective, we have contacted a number of manufacturers/distributors
of commercially available algae production systems and also initiated efforts to
complete a thorough literature review on algal bioreactors and production systems.
This objective will be ongoing until early in the New Year.
Objective 3: Commission pilot-scale algal photo-bioreactors to
evaluate actual cost and ease of setup.
A prototype system using translucent cylinders has been designed and is now operational
(Figure1). We are also examining a tubular bioreactor system available through European
distributors for comparison with cylinder and/or plate bioreactor systems.
Objective 4: On-site operation and testing of algal photobioreactors with several species of marine and freshwater algae.
Some preliminary testing of system operation has begun, but the project is too early in
its work plan to comment on operations or species-specific variation in output.
Objective 5: To provide education and training to the aquaculture
industry through workshops, fact sheets, and continuing
education programs at the OLC.
This work will be initiated toward the end of the project.
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Work Planned
This project will evaluate bioreactor systems (for mass algal production) that
incorporate advances in controlled algal production technology yet maintain relative
simplicity of design and operation. The first part of the project will consist of surveys
of industry needs and a review of available technologies to get this critical information
to the industry in Hawaii and the Pacific region.
The second part of the project will examine and compare several low-cost bioreactor
systems with that of the conventional tank/raceway-based culture approach. The
results from this project will be transferred to the industry through workshops held
at the OLC and CTSA fact sheets. If the technology proves viable during Year 1
efforts, then, in Year 2, the project will focus on more broad dissemination by way
of workshops and on-farm demonstrations at multiple sites throughout Hawaii and
the U.S.-affiliated Pacific Islands. In addition, small-scale prototypes will be
permanently setup for long-term continuing education of students (elementary, high
school, and university) and farmers at the OLC at the Oceanic Institute’s Makapuu
Point campus on Oahu.

1. A detailed survey of algal requirements by farmers in Hawaii and the U.S.affiliated Pacific Islands will be completed and distributed by way of CTSA
mailing lists. The results of this survey will be compiled and a report
generated for use in further aspects of the project. A summary of the
results will be released through CTSA’s Regional Notes.
2. Project investigators will complete a literature and Web-based review of
available algal production methods and contact commercial vendors to
develop a review on state-of-the-art algal production technology available
to local farmers. The summary of this report will be disseminated through
a CTSA publication and used as a basis for system selection and testing.
3. Project investigators will continue to commission and test prototype photobioreactors (200 to 500 L scale) at OI for testing and demonstration. We
tentatively plan to explore two similar systems: one based on the plate
photobioreactor designs from the Amos team in Israel and the second
using lower-cost translucent cylinders for the bioreactor chamber. We also
are contemplating testing a tubular bioreactor, dependent upon system
costs relative to available project funds.
4. Following unit commissioning, experimental bioreactors will be seeded in
duplicate trials for algal species selected based on industry needs established
from industry surveys (Objective 1). Trials will operate for approximately
one month for each algal species. During operations, researchers will
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document daily changes in algal density and water chemistry associated
with operation. Units will be tested under differing harvest strategies so as
to optimize production output. During this evaluation period, researchers
will also establish and verify operational procedures to generate baseline
data on expected system performance.
5. An intensive workshop will be held at the OI/HPU Learning Center where
researchers will review Year 1 findings: the results of the industry survey,
literature/industry review, system design, commissioning, and operational
results, including a cost comparison with traditional algal production
methods.

Impacts
The advent of photo-bioreactor systems for algal production provides new opportunities for farmers to reduce the cost of algal production by decreasing labor
demands and increasing production output. The successful implementation of this
technology clearly has the potential to further strengthen the rapidly growing aquaculture industry in Hawaii and the U.S.-affiliated Pacific Islands by increasing production efficiency, allowing commercial operators to focus their efforts on other
aspects of their operations.
The mass production of microalgae is a critical and often rate-limiting step for
aquaculture operations throughout the state. Traditionally, this need has been addressed via a combination of controlled indoor and more extensive outdoor batch
culture methods. Although relatively simple, these batch production systems are
typically labor intensive, variable in productivity, and prone to crashes. The development of high-intensity controlled systems for algae production has been associated with the rapid growth of the marine bio-products industry, which relies heavily
on large-scale algal production as a source of valuable natural chemical products.
High-intensity algal culture systems have a number of advantages, including the
production of higher algae densities, smaller footprint, continuous or semi-continuous product delivery, longer production cycles, less opportunity for contamination, greater system stability, and lower labor requirements per unit of production.
However, few reactor systems are actually commercially available and those systems that are available have an unproven record.
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Publications in Print, Manuscripts, and
Papers Presented
None to date.

Appendices

FIGURE 1. Prototype algal bioreactor system composed
of 12 translucent bioreactor chambers.
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