CENTER
FOR
TROPICAL
AND
SUBTROPICAL
AQUACULTURE

Center for Tropical and
Subtropical Aquaculture
2012
Accomplishment Report

In cooperation with

Center for Tropical and
Subtropical Aquaculture
2012 Accomplishment Report

Center for Tropical and Subtropical Aquaculture
Waimanalo and Honolulu, Hawaii

Center for Tropical and Subtropical Aquaculture
Oceanic Institute
41-202 Kalanianaole Hwy.
Waimanalo, Hawaii 96795
Tel: (808) 259-3168
Fax: (808) 259-8395
University of Hawaii at Manoa
3050 Maile Way, Gilmore Hall 125
Honolulu, Hawaii 96822
Tel: (808) 956-3385
Fax: (808) 956-5966
www.ctsa.org

Contents
Introduction ......................................................................................................................... 1
Organizational Structure ............................................................................................... 3
Executive Summary .......................................................................................................

9

A Look Ahead at FY 2013 ............................................................................................. 11
Progress Reports
Development of Captive Culture Technology for the Yellow Tang, Years 1-3 .................15
Alternative Methods for Marine Copepod Production in Hawaii, Year 2 .........................17
Determining aquaculture bottlenecks of Pacific threadfin (Polydactylus
sexfilis): Increasing fry survival, growth and quality ............................................................19
Analyze and Compile the Nutritional Composition of Potential Feed
Ingredient Resources in American Samoa into a Feed Manual for Use in
Tilapia Feeds ................................................................................................................................21
Value Added Approach for Tuna Fish Roe: Local Ingredient for Shrimp
Maturation Diet ...........................................................................................................................23
Developing a value-added product “half-pearls” from the blacklip pearl
oyster Pinctada margaritifera in Pohnpei FSM, Years 1 and 2 .............................................25
Pacific aquaculture development and extension support for the U.S. affiliated
Pacific islands, FY2010 and FY2012 ..........................................................................................27
Pacific Regional Aquaculture Information Service for Education (PRAISE)
and Publications, Year 10 ...........................................................................................................29
Adapting Aquaponics Systems for Use in the Pacific Islands, Years 1 and 2 ....................31
Aquaculture of Opihi, Year 1 and 2..........................................................................................33

DNA- Based Identification and Selection of High-growth Tilapia in Hawaii,
Years 1 and 2 ................................................................................................................................35
Diversifying Freshwater Aquaculture Products for Hawaii: Two Crossover
Species, the Red and Black Pacu (Piaractus brachypomus and Colosomma
macropomum), Years 1 and 2 ...................................................................................................37
Collection and Health Certification of Coralgrouper Broodstock in the
Mariana Islands ...........................................................................................................................39
Aquaponics for Hawaii and the U.S. Pacific Islands: Technology Refinement
and Transfer to the Commercial Sector ...................................................................................41
Assessing Hawaii’s Aquaculture Farm and Industry Performance ....................................43
Culturing native species of macroalgae in Hawai‘i and the U.S. Affiliated
Pacific Islands ..............................................................................................................................45
Marine Finfish Development in the Northern Marianas Islands .........................................47
Developing diets for Hawaii cultured abalone with normal shell color and
high growth performance using local algae and their co-products ....................................49
Mitigating the Diseases of Freshwater Cultured Fish Species in Hawaii and
the Pacific Region ........................................................................................................................51

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 Oceanic Institute. The
Center has offices at both the University of Hawaii’s Manoa campus and Oceanic
Institute’s Waimanalo site on windward Oahu.
The CTSA region includes 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.

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
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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 aquaculture 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 the Marshall Islands, and the Republic of Palau.

Administrative Center
CTSA is jointly administered by Oceanic Institute and the University of Hawaii.
Oceanic Institute has fiscal and administrative responsibilities for CTSA operations.
CTSA’s Administrative Center is located at Oceanic Institute on the island of Oahu in
Hawaii. A second office is located at the Manoa campus of the University of Hawaii,
also on the island of Oahu. CTSA staff provide all necessary support services for the
Board of Directors, the Executive Committee, the Industry Advisory Council, the
Technical Committee, project review panels, and project work groups. Executive
Director Cheng-Sheng Lee, Ph.D., supervises operation of the Center.

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 non-profit
private research institutions throughout the region. The Board:
 provides oversight for regional program development, execution, and
management;
December 2012
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appoints and removes members of the IAC and the TC;



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



approves the proposed strategy for project selection;



approves the annual Plan of Work, including budget allocations;



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



directs the Executive Director to respond to its information needs.

The CTSA Board of Directors includes:
Harry Ako, Ph.D. (Chair)
University of Hawaii at Manoa
Maria Gallo, Ph. D.
College of Tropical Agriculture and Human Resources,
University of Hawaii at Manoa
Jo-Ann Leong, Ph.D.
Hawaii Institute of Marine Biology, University of Hawaii at Manoa
Todd E. Low, M.B.A.
Hawaii Department of Agriculture Aquaculture Development Program
Shaun Moss, Ph.D.
Oceanic Institute
Singeru Singeo, Ph.D.
Land Grant Programs, College of Micronesia
Lee S. Yudin, Ph.D.
College of Natural and Applied Sciences, University of Guam
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Organizational Structure

Executive Committee
The Executive Committee of the Board of Directors is composed of the two members
appointed by the presidents of the University of Hawaii and Oceanic Institute. The
Committee is responsible for making final decisions on administrative policy, budget,
and procedures, as well as appointing the Executive Director of CTSA. These two
directors make up the Executive Committee: Shaun Moss (Executive Committee Chair)
and Jo-Ann Leong (Board of Directors Chair).

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 three-year,
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:


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



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



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



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

The IAC is composed of 16 members:
John Brown, Ph.D.
College of Natural and Applied Science, WPTRC, University of Guam
David Cohen
Aquatic Innovations, Hawaii
John Corbin
Aquaculture Planning & Advocacy, LLC
Linda Gusman
Island Aquaculture, Hawaii
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Steve Hopkins, Ph.D.
Rain Garden Ornamentals, Hawaii
High Talking Chief Ava Hunkin
Native Resources Developer Inc., American Samoa
Glen Joseph
Marshall Islands Marine Resources Authority, Republic of Marshall Islands
David Kawahigashi
Vannamei 101
Jennica Lowell
Blue Ocean Mariculture, Hawaii
Ross Manglona
Northern Marianas College CREES Saipan, CNMI
Valentin Martin
FSM National Government, Federated States of Micronesia
Ryan Murashige
Hukilau Food Inc. Hawaii
Thomas Taro
Palau Community College, Republic of Palau
Bernard Tsao
UH-Kaua’I Community College, Hawaii
Ron Weidenbach (Chair)
Hawaii Fish Co., Hawaii
Richard Xie
Hawaiian Sealife, Inc., Hawaii
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Organizational Structure

Technical Committee
Members of the TC represent participating research institutions and state extension
services, other state or territorial public agencies as appropriate, and non-profit 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:


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



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



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



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



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



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

The TC consists of:
Harry Ako, Ph.D. (Chair)
University of Hawaii at Manoa
Tom Iwai, Jr.
Anuenue Fisheries Research Center, Hawaii (retired)
Alan Everson
NOAA Aquaculture Coordinator
Wai-Kit Nip, Ph.D.
University of Hawaii at Manoa (retired)
Allen C. Riggs, D.V.M.
Aquaculture Development Program
Vernon Sato
Hawaii (retired)
James Szyper, Ph. D.
University of Hawaii, Manoa (retired)
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PROGRAM SCOPE
During 2012, the Center for Tropical and Subtropical Aquaculture completed work on
projects funded under its Twenty-first Annual Plan of Work and continued work on
projects funded under its Twenty-second, Twenty-third, Twenty-first, Twenty-fourth
Annual Plans of Work. Also, CTSA initiated work on projects developed under its Fiscal
Year 2011 Plan of Work and began developing its Fiscal Year 2012 Annual Plan of Work.
Nine projects were funded under CTSA’s Fiscal Year 2011 program, which was approved
by CTSA’s Board of Directors on January 24, 2012. Four of these projects address
continuing priorities and will build on work begun under the programs of previous years,
and five of the FY11 projects address new priorities.
Since the inception of CTSA in 1986, it has funded 237 research, demonstration,
development, and extension projects. Twenty-four projects were active during 2012.
These projects fall into five categories:
1. Information Dissemination
2. Extension Support to Further Industry Development
3. Marketing and Economics
4. Development of New Technologies
5. Demonstration and Adaptation of Known Technologies
Most projects conduct activities that fall into multiple categories. Therefore, the following
outline is based on the main project objectives:
1.

This project addresses information dissemination:
 Pacific Regional Aquaculture Information Service for Education (PRAISE) and
Publications

2.

These projects address extension support:
 Regional Biosecurity: Operational Biosecurity and Diagnostic Surveillance
 Analyze and Compile the Nutritional Composition of Potential Feed Ingredient
Resources in American Samoa into a Feed Manual for Use in Tilapia Feeds
 Pacific aquaculture development and extension support for the U.S. affiliated Pacific

December 2012

9

2012 Annual Accomplishment Report




islands of the Federated States of Micronesia, FY2010 & FY2011
Marine Finfish Aquaculture Development in the Northern Marianas Islands
Mitigating the Diseases of Freshwater Cultured Fish Species in Hawai

3.

These projects address marketing and economics:
 Developing a Value-Added Product “Half-Pearls” from the blacklip pearl oyster
Pinctade margaritifera in Pohnpei (the Federated States of Micronesia), Years 1 and 2
 Assessing Hawaii's Aquaculture Farm and Industry Performance
 Establishing Bivalve Farming in Hawaii
 Economic Analyses of Aquaponic Systems in Hawaii and Guam

4.

These projects address development of new technologies:
 Development of Captive Culture Technology for the Yellow Tang, Zebrasoma
flavescens, Years 1 - 3
 Determining Aquaculture Bottlenecks of Pacific Threadfin (Polydactylus sexfilis):
Increasing Fry Survival, Growth, and Quality, Years 1 and 2
 Diversifying Freshwater Aquaculture Products for Hawaii: Two Crossover Species,
the Red and Black Pacu (Piaractus brachypomus and Colosomma macropomum)
 Value Added Approach for Tuna Fish Roe: Local Ingredient for Shrimp Maturation
Diet?
 Aquaculture of Opihi
 DNA-Based Identification and Selection of High-growth Tilapia in Hawaii, Years 1
and 2
 Alternative Methods for Marine Copepod Production in Hawaii, Year 2
 Culturing Native Species of Macroalgae in Hawai'i and the U.S. Affiliated Pacific
Island
 Developing diets for Hawaii cultured abalone with normal shell color and high
growth performance using local algae and their co-products

5.

These projects address demonstration and adaptation of known technologies:
 Adapting Aquaponics Systems for Use in the Pacific Islands
 Collection and Health Certification of Coral grouper Broodstock in the Mariana
Islands
 Seed Production Mangrove Crab Scylla serrata in Palau
 Broodstock Management, Seed Production and Grow-out of Rabbitfish, Siganus
lineatus (Valenciennes, 1835) in Palau, Years 1 and 2
 Aquaponics for Hawaii and the U.S. Pacific Islands: Technology Refinement and
Transfer to the Commercial Aquaculture Sector

On the following pages, we present a summary of the goals, accomplishments, and impacts
of these projects. See the Appendix for a complete report on each project.
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A Look Ahead
Development
The development of the Fiscal Year 2012 program began in May 2012 with a Call for
Pre-Proposals that was based on the priorities identified by farmers and researchers in
the region. The IAC and TC reviewed and selected the submitted pre-proposals that
would aid industry development. Out of the 25 pre-proposals received in response to
this call, CTSA requested that applicants submit seven full proposals. One proposal
from Palau was not received. The below six proposals will be forwarded to the Board of
Directors for approval in January 2013 as the FY 2012 Plan of Work.

Proposals
1. Development of Practical Local Feeds to Support Sustainable Aquaculture in
Hawaii and Other Pacific Islands
2. Utilization of Locally Available Algae in the Culture of the Ezo Abalone and
Opihi in Hawaii, Years 1 and 2
3. Developing Strategies for the Prevention and Mitigation of Francisella noatunensis
subsp. orientalis (syn. F. asiatica) Outbreaks in Cultured Tilapia in Hawaii
4. Aquaculture Potential of Hawaiian Polychaetes for Use as a Shrimp Maturation
Feed
5. Natural Whole-Cell Oil Microcapsules as Innovative Enrichement Diets for Live
Feeds, Years 1 and 2
6. Aquaculture Information Service for the Pacific Region

December 2012
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Review
In July 2012, CTSA began its two-month review process. All full proposals were
subjected to peer review by three or more experts in the project topic area and then
reviewed at the IAC-TC annual meeting. The CTSA administrative center summarized
reviewer comments and forwarded them to each P.I. for revision. The IAC chair will
present the proposals to CTSA’s Board of Directors for approval on January 22, 2013.
CTSA staff will incorporate these proposals into the Fiscal Year 2012 Plan of Work and
will submit this FY2012 Plan of Work to the U.S. Department of Agriculture National
Institute of Food & Agriculture (NIFA) for final approval.
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Project Summaries
The following section contains individual accounts of the principal accomplishments of
CTSA projects that were active during 2012. Complete and detailed reports are available
for each project in the Appendix of this report.

Development of Captive Culture Technology for the Yellow Tang, Years 1-3 .................15
Alternative Methods for Marine Copepod Production in Hawaii, Year 2 .........................17
Determining aquaculture bottlenecks of Pacific threadfin (Polydactylus
sexfilis): Increasing fry survival, growth and quality ............................................................19
Analyze and Compile the Nutritional Composition of Potential Feed
Ingredient Resources in American Samoa into a Feed Manual for Use in
Tilapia Feeds ................................................................................................................................21
Value Added Approach for Tuna Fish Roe: Local Ingredient for Shrimp
Maturation Diet ...........................................................................................................................23
Developing a value-added product “half-pearls” from the blacklip pearl
oyster Pinctada margaritifera in Pohnpei FSM, Years 1 and 2 .............................................25
Pacific aquaculture development and extension support for the U.S. affiliated
Pacific islands, FY2010 and FY2012 ..........................................................................................27
Pacific Regional Aquaculture Information Service for Education (PRAISE)
and Publications, Year 10 ...........................................................................................................29
Adapting Aquaponics Systems for Use in the Pacific Islands, Years 1 and 2 ....................31
Aquaculture of Opihi, Year 1 and 2..........................................................................................33
DNA- Based Identification and Selection of High-growth Tilapia in Hawaii,
Years 1 and 2 ................................................................................................................................35
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Diversifying Freshwater Aquaculture Products for Hawaii: Two Crossover
Species, the Red and Black Pacu (Piaractus brachypomus and Colosomma
macropomum), Years 1 and 2 ...................................................................................................37
Collection and Health Certification of Coralgrouper Broodstock in the
Mariana Islands ...........................................................................................................................39
Aquaponics for Hawaii and the U.S. Pacific Islands: Technology Refinement
and Transfer to the Commercial Sector ...................................................................................41
Assessing Hawaii’s Aquaculture Farm and Industry Performance ....................................43
Culturing native species of macroalgae in Hawai‘i and the U.S. Affiliated
Pacific Islands ..............................................................................................................................45
Marine Finfish Development in the Northern Marianas Islands .........................................47
Developing diets for Hawaii cultured abalone with normal shell color and
high growth performance using local algae and their co-products ....................................49
Mitigating the Diseases of Freshwater Cultured Fish Species in Hawaii and
the Pacific Region ........................................................................................................................51
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Development of New Technologies
Development of New Technologies

Development of Captive Culture Technology
for the Yellow Tang, Years 1-3
Funding Level: $292,500
Lead Institution: Oceanic Institute
Principle Investigator: Charles Laidley, Ph.D
Status: Completed
Research Purpose

Yellow tang are one of the most popular fishes in the global coral reef
species trade. They are found in public and private aquaria worldwide,
with annual collection estimates ranging from 300,000 to 1 million fish
per year. Each individual fish is valued at $10 to $15, making it a highvalue marine ornamental. The vast majority of these fishes are collected
from near shore reef systems in Hawaii, which puts additional strain
on these sensitive ecosystems. Therefore, this project endeavored to
develop captive culture technologies for yellow tang to provide an
alternative to the current reliance on wild collection, and to create new
economic opportunities for Pacific island communities.

Objectives

Year 1
 Objective 1: Establish appropriate holding system/conditions
for maintaining spawning stocks of yellow tang.
 Objective 2: Develop appropriate diet to maintain broodstock
condition and produce high quality eggs.
 Objective 3: Establish early larval rearing system to maximize
larval hatch and early (pre-feeding) survival.
Year 2
 Objective 4: Identify	
  suitable	
  first	
  feed	
  for	
  yellow	
  tang	
  larvae.
Objective 5: Scale-up	
  culture	
  of	
  identified	
  first	
  feed	
  to	
  level	
  
required	
  for	
  conducting	
  replicated	
  larviculture	
  trials.
 Objective 6: Develop	
  larviculture	
  feeding	
  regimen	
  suitable	
  for	
  
rearing	
  yellow	
  tang	
  larvae	
  through	
  metamorphosis.
Year 3	
  
 Objective 7: Develop	
  suitable	
  methods	
  to	
  transition	
  yellow	
  tang	
  
into	
  juvenile	
  settlement	
  phase.	
  
 Objective 8: Establish	
  suitable	
  feeds	
  and	
  holding	
  system	
  to	
  ensure	
  
juvenile	
  quality	
  suitable	
  for	
  marine	
  ornamental	
  wholesale	
  market.	
  
 Objective	
  9:	
  Transfer	
  technology	
  to	
  industry	
  through	
  workshops,	
  
conference	
  presentations,	
  and	
  publication	
  in	
  CTSA	
  Regional	
  
Notes.	
  	
  


Results
At A Glance…
- Established a reliable yearround supply of high quality
yellow tang eggs.
- Developed a larval rearing
system and protocols yielding
excellent survival of yellow tang
larvae through the highly
challenging pre-feeding larval
period.
- Identified eggs and early nauplii
stages of Parvocalanus
copepods as a suitable first-feed
for yellow tang larvae.
- Developed highly efficient algae
and copepod production systems
with a mean output approaching
100 million copepod nauplii per
day.
- Documented development of
yellow tang larvae out to two
weeks of age.
15

Additional Project
Participants

Chad Callan, Ph.D.
Research Scientist
Finfish Department
Oceanic Institute

Eric Martinson
Research Associate
Finfish Department
Oceanic Institute

Melissa Carr, B.S.
Graduate Student
Marine Sciences Program
Hawaii Pacific University

Impacts

The development of captive culture technology for yellow tang and
other high-‐value reef species is imperative to protect our increasingly
threatened coral reef ecosystem. Not only will captive production
technologies help take pressure off wild fish populations, but they also
will provide new economic opportunities associated with the nearly
billion dollar worldwide trade in marine ornamental species.
In Hawaii, commercial operations interested in marine ornamental
culture technology development include Richared Xie of Hawaiian Sea
Life Inc, Syd Kraul of Pacific Planktonics, Frank Baensch of Reef Culture
Technologies, and Karen Brittain. In addition, there is substantial
national and international interest in the development of captive culture
technology for the yellow tang. If the technology is refined, many of the
interested companies can capitalize on opportunities to sell captive bred
tang. The project also provided training for both graduate and
undergraduate students.

Publications
 Kline, M.D. 2011. Development of intensive copepod culture
technology for Parvocalanus crassirostris: optimizing adult
density. Master’s Thesis, Hawaii Pacific University, Masters in
Marine Sciences Program. December 5, 2011, 61pp.
 Rietfors, M.C. 2011. Aquaculture of yellow tang (Zebrasoma
flavescens): An investigation of the early rearing environment,
first feeding, and larval development. Master’s Thesis, Hawaii
Pacific University, Masters in Marine Sciences Program. August
24, 2011, 89pp.
 Laidley, C.W., C.K. Callan, M.D.C. Rietfors, M.D. Kline, and E.W.
Martinson. 2011. Development of captive culture technology for
the yellow tang (Zebrasoma flavescens). CTSA e-Notes Vol. 3, Issue
3.
 Bushnell, M.E., Claisse, J.T., Laidley, C.W. 2010. Lunar and
seasonal patterns in fecundity of an indeterminate, multiplespawning surgeonfish, the yellow tang Zebrasoma flavescens. J.
Fish Biol. 76(6): 1233-1541.

16

Development of New Technologies
Development of New Technologies

Alternative Methods for Marine Copepod
Production in Hawaii, Year 2
Funding Level: $25,106
Lead Institution: University of Hawaii at Manoa, CTAHR
Principle Investigator: Clyde S. Tamaru, Ph.D
Status: Completed
Research Purpose

Hawaii's aquaculture industry produces marine fishes that have larval
stages requiring live feeds. These feeds are a significant cost item to the
producers of these hatchery operations. Copepods are excellent feeds
for most larval marine fishes, and are often associated with significant
advantages (in survival, early growth rates, color development) over
the more commonly used rotifers and brine shrimp Artemia.
Therefore, the purpose of this project was to develop and transfer new
information on higher-density and lower-cost production of marine
copepods. Two species of copepods were the target of the
investigations during the project period and they are the calanoid
copepod, Parvocalanus crassirostris and the harpatacoid copepod,
Euterpina acutifrons.

Objectives








Objective 1: Conduct short-‐term controlled experiments to
assess the adaptation of the copepod cultures to artificial
seawater and artificial feed particles.
Objective 2: Conduct short-‐term controlled experiments aimed
at intensification of copepod cultures (greater animal density,
target: 20 animals/mL, expansion to 300–500 liter volumes,
more intensive support and maintenance) in artificial seawater
with artificial feeds.
Objective 3: Assess and document results of long-‐term culture
comparisons.
Objective 4: Technology Transfer: Document experimental
results in a summary report for use in workshops or technical
publications, and prepare an extension bulletin in less formal
language with photos describing practical protocols as
appropriate.
Objective 5: Technology Transfer: Present public workshop
sessions at which results will be presented, hands on
demonstrations provided and stakeholders will be invited to
suggest further directions for project development.

Results
At A Glance…
- Researchers found that the
major algal species (e.g.
Isochrysis galbana, Chaetoceros
sp. and Tetraselmis sp) that can
be used to culture copepods
grew similarly irrespective of
whether the source of seawater
was Instant Ocean® or natural
seawater from Kaneohe Bay.
- It was determined that the
calanoid copepod, P.
crassirostris, and the harpatacoid
copepod, E. acutifrons perform
similarly irrespective of whether
the culture was done in artificial
or natural seawater.
- To date, only live phytoplankton
can be used as a suitable food
item for culturing copepods albeit
in artificial seawater.
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Additional Project
Participants

Karen Brittain
Hawaii Institute of Marine
Biology

Impacts

The results obtained from the current project are beneficial for culturists
that require the use of copepods for use as a live feed organism in
rearing of marine organisms. The most significant results for culturists
stem from the demonstration that the phytoplankton and copepods can
be grown using artificial seawater equally as well as when using natural
seawater. This would be of particular interest to culturists who do not
have access to natural seawater.

Benjamin Alexander
Hawaii Institute of Marine
Biology

22
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Determining Aquaculture Bottlenecks of
Pacific Threadfin (Polydactylus sexfillis):
Increasing Fry Survival, Growth, and
Quality
Funding Level: $162,000
Lead Institution: Oceanic Institute
Principle Investigator: Charles Laidley, Ph.D
Status: Completed

Research Purpose

Pacific threadfin broodstock maintained on saltwater well systems
develop goiters over a period of several years, leading to the loss of
highly valuable broodstock animals. The purpose of this project was
to develop a pragmatic solution to improve broodstock performance
while insuring or possibly increasing the survival and growth of moi
larvae and fry.

Objectives





Objective 1: To assess the capacity to increase TH deposition
into fertilized moi eggs by exposing moi broodstock to iodide
through dietary and/or rearing water supplementation.
Objective 2: To assess the efficacy of increased TH deposition in
moi eggs to improve the survival and growth of moi larvae
and fry to stocking size.
Objective 3: To determine the efficacy of adding iodide to
larval/fry rearing water to increase their survival, and growth
to stocking size.
Objective 4: To prepare reports, and publications for
dissemination and transfer of technology and methodologies
to the public.

Results
At A Glance…
- Through a series of trials
addressing the formation of
goiters in moi, researchers
determined that iodide
supplementation of broodstock
through either the water or diet,
increased egg thyroid hormone
content, showing that either
approach is appropriate for
mitigating thyroid deficiencies.
- A sausage diet supplemented
with iodide and vitamins was
developed, and fish consuming
the diet have shown far superior
reproductive output and egg
quality than stocks maintained
on previous diets.
- The most effective treatment
method for goiters was the iodide
and vitamin	
  supplemented
broodstock sausage diet without
iodide supplementation of the
hatchery water treatment.
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Additional Project
Participants

Chad Callan, Ph.D.
Research Scientist
Finfish Department
Oceanic Institute

Eric Martinson
Research Associate
Finfish Department
Oceanic Institute

Impacts

Under the auspices of this project, researchers were able to address the
formation of goiters, a long-‐standing health issue associated with
maintaining broodstock in well water systems. The practical dietary
protocol developed by the research group can help ensure the health
and reproductive output of moi broodstock. This protocol increased the
availability of viable eggs by over eight fold, and substantially reduced
attrition rates of highly valuable fish stock valued at thousands of
dollars per fish.

Publications
 Laidley, C.W., Callan, C.K., Martinson, E. 2012. Development of a
practical broodstock diet for Pacific threadfin (Polydactylus
sexfilis) that improves broodstock health, reproductive output,
and egg quality. CTSA regional Notes, January 2012.
 Witt, E.M., Laidley, C.W., Liu, K.K.M., Hirano, T., Grau, E.C.,
(2009) Correlation between environmental iodide concentrations
and larval growth, survival, and whole body concentrations of
thyroid hormones and cortisol in Pacific threadfin (Polydactylus
sexfilis). Aquaculture 289:357-‐364.
 Witt, E.M. (2008) Effects of broodstock diet and environmental

iodide concentrations on larval growth, survival, egg and whole
body concentration of thyroid hormones and cortisol in Pacific
threadfin, Polydactylus sexfilis. M.S. Thesis, University of Hawaii,
83pp.
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Development of New Technologies
Extension Support

Analyze and Compile the Nutritional
Composition of Potential Feed Ingredient
Resources in American Samoa into a Feed
Manual for Use in Tilapia Feeds
Funding Level: $63,450
Lead Institution: Oceanic Institute
Principle Investigator: Warren G. Dominy, Ph.D
Status: Completed
Research Purpose

Feed is the largest single variable cost for aquaculture farmers. For
remote or island locations, such as American Samoa, the cost of
transportation of ingredients or feeds contributes considerably to the
cost of production. The agriculture industry in Samoa generates a
wide variety of plant and animal products and byproducts, some of
which may be efficacious in feeds development for local aquaculture.
Better utilization of locally available feed ingredient resources may be
key for development of regional aquatic animal production by
lowering feed costs. Therefore, the purpose of this project was to
analyze local ingredients and formulate a feed and feed
manufacturing system for Samoan tilapia farmers.

Objectives








Objective 1: Identify, quantify and collect potential local products and
byproducts for aquatic feeds development in American Samoa and
dry samples for shipment to the Oceanic Institute (OI) for
compositional analysis.
Objective 2: Analyze the nutrient composition of selected samples.
Analyses will include: proximate composition (crude protein, crude
fat, ash, moisture, and fiber), gross energy, amino acids, and fatty
acids, when applicable. Data on ingredients will be compiled in a
database.
Objective 3: Compile a feed manual containing the following
information: a) list of locally available ingredients and byproducts,
and their nutritional composition; b) practical finfish feed
formulations using local ingredients; and, c) feed processing
techniques and quality control tests (mix time for mixers, ingredient
particle size determinations, pellet stability test) for use in making
aquaculture feeds containing the identified ingredients.
Objective 4: Transfer of technology and dissemination of information
will be achieved through a workshop and feed manual hand-‐outs to
local producers and farmers.

Results
At A Glance…
- A simple, at home feed
manufacturing system was
created for tilapia farmers in
American Samoa.
- The nutritional composition
data of locally-available products
and byproducts generated by
this project provided a valuable
database in formulating
sustainable, cost-effective feeds
for the aquaculture industry in
American Samoa.
- A simple diet for tilapia was
created using locally-available
ingredients in American Samoa.
- A children’s feed manual
(written in English & Samoan)
containing simple ingredient
proportions for batching and feed
making was created and
published, along with an adult
feed manual.
- A training workshop was
conducted where both children
and adults learned about fish
farming and making tilapia feed
on the farm site.
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Impacts
Additional Project
Participants

Dong Fang-Deng, Ph.D.
Research Scientist
Oceanic Institute

Zhi Yong Ju, Ph.D., Research
Scientist, Oceanic Institute

The research group successfully created a small-scale local base
manufacturing community in American Samoa, where tilapia farmers
are now able to manufacture their own feed at the farm site. This new
technology has the potential to expand the local aquaculture production
of tilapia.
It is likely that the increased demand for tilapia feeds will eventually
prompt a local entrepreneur to start a feed manufacturing company.
Thus far, a workshop attendee who was not a tilapia farmer expressed
an interest in getting into the feed manufacturing business, and the
project P.I. is maintaining contact to assist him in his venture.

Publications
Darren Okimoto, Ph.D.
Extension Leader, University of
Hawai’i Sea Grant College
Program

Ephraim Temple: UH Sea Grant
Extension Agent in American
Samoa, American Samoa
Community College

Francis Leiato: Aquaculture
Extension Agent in American
Samoa, Community and Natural
Resources, American Samoa
Community College

Tilapia Farmers in American
Samoa
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 Kline, M.D. 2011. Development of intensive copepod culture
technology for Parvocalanus crassirostris: optimizing adult
density. Master’s Thesis, Hawaii Pacific University, Masters in
Marine Sciences Program. December 5, 2011, 61pp.
 Rietfors, M.C. 2011. Aquaculture of yellow tang (Zebrasoma
flavescens): An investigation of the early rearing environment,
first feeding, and larval development. Master’s Thesis, Hawaii
Pacific University, Masters in Marine Sciences Program. August
24, 2011, 89pp.
 Laidley, C.W., C.K. Callan, M.D.C. Rietfors, M.D. Kline, and E.W.
Martinson. 2011. Development of captive culture technology for
the yellow tang (Zebrasoma flavescens). CTSA e-Notes Vol. 3, Issue
3.
 Bushnell, M.E., Claisse, J.T., Laidley, C.W. 2010. Lunar and
seasonal patterns in fecundity of an indeterminate, multiplespawning surgeonfish, the yellow tang Zebrasoma flavescens. J.
Fish Biol. 76(6): 1233-1541.

Development of New Technologies
Development of New Technologies

Value Added Approach for Tuna Fish Roe:
Local Ingredient for Shrimp Maturation Diet
Funding Level: $50,000
Lead Institutions: University of Guam
Principle Investigators: Hui Gong, Ph.D
Status: Completed
Research Purpose

Like many other domesticated aquatic species, shrimp reproduction
performance in captivity is greatly affected by the quality of maturation
diet. Many research attempts have been made to develop artificial
shrimp maturation diets, and much progress has been made in recent
years. Yet, there is currently no artificial diet that when used alone can
yield reproductive performance as comparable to “fresh-frozen”
maturation feeding regimes. The lack of a nutritionally complete, costeffective and bio- secure maturation diet for shrimp broodstock
remains a bottleneck for most shrimp hatcheries.
Guam is home to several tuna loining operations that process fish for
shipment. The tuna scraps from these operations are estimated at 3-4
tons per week, and they are viewed as waste and sent to the landfills
at a cost. However, these scraps have the potential to replace high-cost
ingredients that are currently shipped in for use in maturation feeds.
This proposal aims to investigate the feasibility of utilizing tuna fish
roe as a local ingredient for shrimp maturation diet. The successful
application of tuna roe will not only produce cost-‐savings for shrimp
hatchery operations, but it also will turn a waste by-‐product into a
value-‐added product, providing additional environmental benefits by
reducing the amount of organic wastes.

Objectives





Objective 1: Analyze the nutritional values of tuna fish
specific-‐pathogen-‐ free status.
Objective 2: Develop a semi-‐moist maturation diet with the tuna
fish roe as the major ingredient.
Objective 3: Evaluate the reproductive performance of shrimp
fed with the tuna roe based maturation diet, in comparison
with conventional fresh-‐frozen maturation feeding regimes.
Objective 4: Publish the findings from the project and conduct
one workshop on utilization of tuna fish roe as the technology
transfer effort

Results
At A Glance…
- Tuna fish roe can serve as an
alternative maturation ingredient.
- High in HUFA. Tuna roe
contained similar level of
arachidonate (ARA), less EPA
and higher DHA compared to
bloodworm. This combination
may be more beneficial for
shrimp maturation process.
No shrimp pathogen status is a
good attribute for shrimp
maturation diet.
- A semi-moist diet containing
tuna fish roe was developed, and
may be more suitable for female
broodstock than male
broodstock.
- Turning a waste by-product
(tuna roe) into a value-added
product provides additional
environmental benefits.
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Additional Project
Participants
John W. Brown,
University of Guam

Impacts

This project explored the possibility of utilizing the locally available
tuna roe in a shrimp maturation diet, and provided baseline
information on the nutritional and health aspects of such a diet. The
information generated from the project could serve as a useful tool in
manufacturing a cost effective, nutritionally complete and biosecure
maturation diet.
The research group has thus far distributed the findings through a
workshop, aquaculture conference, and publication. This is a starting
point, and the group is seeking additional opportunities to transfer the
technology within and beyond Guam and the CNMI.
Currently, the UOG hatchery is the only shrimp hatchery on Guam, and
is the sole provider of shrimp postlarvae to the local farmers. Ensuring
the suitable nutrition and health status of the maturation diet used at
the hatchery would be beneficial to the farmers, who are seeking high
health and good quality shrimp postlarvae.

Publications
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Gong, H. and J.W. Brown. Using Pelagic Tuna Roe for
Maturation Diet for Penaeus vannamei Broodstock on Guam.
CTSA Newsletter.



Gong, H. and J.W. Brown. Pelagic Tuna Roe: an Alternative
Maturation Diet for Penaeus vannamei Broodstock on Guam.
World Aquaculture (in preparation)

Development of New Technologies
Marketing and Economics

Developing a Value-Added Product “HalfPearls” from the Blacklip Pearl Oyster in
Pohnpei FSM, Years 1 and 2
Funding Level: $91,507
Lead Institutions: College of Micronesia, Pohnpei
Principle Investigators: Masahiro Ito
Status: Completed
Research Purpose

The pearl oyster usually ends its life after producing the round pearls,
or when it becomes incapable of producing sellable pearls. These
so-‐called “useless” pearl oysters are killed and sold to the shell market
as materials for buttons, handicrafts and others. Hemispherical pearls
(or ʺhalf pearlsʺ or “Mabe pearls” as they are more commonly
known) provide value-‐added opportunities to use the pearl oyster
shells in the jewelry and handicrafts industries, particularly the local
cultural carving and handicraft industry.

Results
At A Glance…
- 8,000 oysters were used for
demonstration and training in
half-pearl seeding.

In Micronesia where there exists a small, niche tourism industry, the
half-‐pearls have potential to support a sustainable pearl business and
rural development, particularly for small family and/or community-‐
based enterprises. Production of half-‐pearls represents not only one
form of adding value to the pearl shells, but also a low-‐risk means of
generating revenue. Therefore, the	
  project	
  activities	
  focused	
  on	
  
demonstration	
  and	
  skill	
  training	
  for	
  grading	
  techniques	
  of	
  the	
  shells	
  and	
  
the	
  half-‐pearls	
  by	
  a	
  grading	
  expert,	
  as	
  well	
  as	
  the	
  half-‐pearl	
  harvest	
  and	
  
subsequent	
  half-‐pearl	
  accessory	
  making	
  involving	
  all	
  community	
  
members.	
  

- A total of 43 local youths were
involved in half-pearl seeding
training, and many more were
trained in jewelry making.

Objectives

- Approximately 3,000 pieces of
half-pearls were produced, and
an estimated 10,000 pieces will
be harvested in 2013.






Objective 1: To conduct half-‐pearl seeding and produce
half-‐pearls.
Objective 2: To demonstrate and train half-‐pearl seeding
techniques by COM’s Micronesian technicians to select youths
from pearl farming communities.
Objective 3: To demonstrate half-‐pearl pendants and accessory
making by COM staff.
Objective 4: To conduct quality assessment of half-‐pearls and
pearl shell-‐related accessories.

- Micronesian technicians
produced high quality half-pearls
that have received attention from
pearl industry professionals for
their quality, particularly their
unique colors of light blue or
green peacock with high luster.

- A pearl jewelry display and sale
event was conducted in Pohnpei.
Although the display and sale
was focused on the round pearls
on the same tables, this trial sale
fetched total of $525 for 24
pieces half-pearl products out 60
half-pearls displayed.
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Additional Project
Participants
Ms. Yuko Kibe
GIA Certified Pearl Grading
Expert
Mr. Belenko Halverson
Half-pearl and round-pearl
grafting technician and extension
College of Micronesia
Mr. Clayton Maluwelgiye
Half-pearl and round-pearl
grafting technician and extension
College of Micronesia
Pakin Community Association
(PCA)
Pingelap Municipal Government

Impacts
This project shows a model of micro-‐economic development that can be
transferred into larger scale business development once commercial
production commences. Local technicians have proven that they can
readily acquire half-pearl production technology, and the training
conducted under this program has provided many Micronesians with
valuable, marketable skills. Participating individuals and communities
as well as local consumers became more aware of half-‐pearl accessories
and the potential to increase local economic development through this
project.
In addition to local recognition, half-‐pearls produced from this project
have received attention from pearl industry professionals for their
quality, particularly unique colors of light blue or green peacock with
high luster. Although the first display-‐sale in Pohnpei was small,
enquiries and orders have been received from overseas buyers for
purchase orders of the jewelry-‐cut half-‐pearl pendants and earrings.

Publications
 Ito, M. 2011. Circle and spot formation mechanisms and changes
in luster, color and roundness by grafting methods on the
blacklip pearl oyster, Pinctada margaritifera. Gems & Gemology 47
(2): 148, Carlsbad, USA.
 Ito, M. 2011. Developing value-added product “half-pearls” from
the blacklip pearl oyster Pinctada margaritifera in Pohnpei (the
Federated States of Micronesia) Years 1 and 2. Regional e-Notes,
September, Vol. 3, Issue 9, Center for Tropical and Subtropical
Aquaculture.
 Cartier, E., M. S. Krzemnicki and M. Ito. 2012. Cultured pearl
farming and production in the Federated States of Micronesia.
Gems & Gemology, Summer 2012: 108-122, Carlsbad, USA.
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Development of New Technologies
Extension Support

Pacific Aquaculture Development and
Extension Support for the U.S. Affiliated
Pacific Islands, FY 2010 and FY 2011
Funding Level: $47,157 (FY10), $60,610 (FY11)
Lead Institutions: College of Micronesia, Pohnpei
Principle Investigators: Masahiro Ito
Status: FY10 Completed, FY11 Ongoing

Research Purpose
The goal of this project is the re-‐establishment of a CTSA Pacific Island
extension agent position. Prior to the start of this project in 2011, CTSA
extension work has been unavailable in this region. However, it is
urgently needed to cope with changing circumstances in aquaculture
development as the model of effectiveness and impact.

Results
At A Glance…

Objectives

- Established a sea cucumber
pilot system and conducted
hatchery skill training in Yap.

FY10
 Objective 1: Extension support and technical assistance: Assist
the development of an economically sustainable aquaculture
industry in the U.S. Affiliated Pacific islands of FSM.
 Objective 2: Technology Transfer: Transfer hatchery-‐based
aquaculture technologies and specialized pearl culture skills.
 Objective 3: Information dissemination: Coordinate and
administrate active CTSA projects in the proposed region.

- Micronesian technicians trained
under previous projects
continued half-pearl grafting
demonstration and skill training
for local youth in Pohnpei and
outer islands. This training
regime ensures that skills are
being transferred among
Micronesians.

FY11
 Objective 1: Technology transfer of the hatchery-‐based
aquaculture between the Micronesians to strengthen capacity
building.
 Objective 2: Extension support and technical assistance for
Pohnpei and Yap.
 Objective 3: Information dissemination

- Continued half-pearl pendant
and earring making at each outer
island pearl farm and at Nett
Point demonstration farm in
Pohnpei.
- Half-pearls and related
accessories were sold on behalf
of participating farms and
individual trainees for the first
time in Pohnpei.
- Support was secured from the
Yap State Government R & D
and the MRMD. Support
included larval & grow-out tanks
for the sea cucumber hatchery
development.
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Additional Project
Participants

Steven Young-Uhk
Aquaculture Extension Agent
COM-FSM Yap Campus
Mr. Belenko Halverson
Half-pearl and round-pearl
grafting technician and extension
College of Micronesia
Mr. Clayton Maluwelgiye
Half-pearl and round-pearl
grafting technician and extension
College of Micronesia

Impacts
Over the last decade in Yap, no hatchery-‐based aquaculture projects
have been implemented. However, a local desire to increase
aquaculture production led to the collaborative effort undertaken by
this project. The pilot sea-cucumber system is being used to train
interested Yapese parties in valuable skills and establish a local
aquaculture workforce.
In addition to sea cucumber work, activities centered around pearls and
half-pearls have also made impacts on multiple Micronesian islands.
The local labor force has been able to consistently produce high quality
half-‐pearls with unique color and luster, resulting in a new export
market.
This project successfully demonstrates that the Micronesians can build
their own expertise by transferring technology among them, laying a
foundation for local pearl and sea cucumber industry development.

Publications
Pakin Community Association
(PCA)
Pingelap Municipal Government
Pweniou Pearl Farm
Yap State Marine Resources
Management Division
Pohnpei State Division of
Fisheries and Aquaculture
Meredith Brooks
CTSA Information Specialist
Takumi Imai
President of Imai Seikaku Co.
Ltd., Japan
Natsuko Shiraki
Managing Director of HASUNA
Co. Ltd., Japan
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 Ito, M. 2012. Tagging of the sandfish Holothuria scabra for
restocking in Pohnpei, Federated States of Micronesia. Abstract,
ID122, the 6th Australasian Aquaculture 2012, Melbourne,
Australia.
 Cartier, E., M. S. Krzemnicki and M. Ito. 2012. Cultured pearl
farming and production in the Federated States of Micronesia.
Gems & Gemology, Summer 2012: 108-‐122, Carlsbad, USA.
 Ito, M. 2011. Developing value-‐added product “half-‐pearls” from
the blacklip pearl oyster Pinctada margaritifera in Pohnpei (the
Federated States of Micronesia) Years 1 and 2. Regional e-‐Notes,
September, Vol. 3, Issue 9, Center for Tropical and Subtropical
Aquaculture.

Development of New Technologies
Information Dissemination

Pacific Regional Aquaculture Information
Service for Education (PRAISE) and
Publications, Year 10
Funding Level: $84,079
Lead Institutions: University of Hawaii at Manoa, Oceanic Institute
Principle Investigators: Kristen Anderson, Meredith Brooks
Status: PRAISE Completed, Publications Ongoing

Research Purpose

The PRAISE and Publications project was implemented because CTSA
determined that one of the impediments to the development of a
viable aquaculture industry in the Pacific was the lack of access to
timely scientific information. In addition, information about CTSA
and other RAC funded research needs to be distributed to
stakeholders in the region and beyond, thereby creating the need for
the Publications portion of the project.

Objectives
PRAISE
 Objective 1: Provide thorough literature searches to CTSA on a
schedule of the determination of the CTSA newsletter.
 Objective 2: Survey PRAISE website users to determine needed
products and services.
 Objective 3: Technology transfer.
Publications
 Objective 1: Inform industry members, educators, and other key
individuals of pertinent aquaculture information, and update
them on the status of regional aquaculture through various
media.
 Objective 2: Inform the aquaculture community and interested
parties of the progress of CTSA and other Regional
Aquaculture Center (RAC) projects in relation to our mission
through the dissemination of our own and other publications.

Results
At A Glance…
- PRAISE provided useful news
and links for aquaculture industry
stakeholders on its website.
- PRAISE replied to 385 requests
for direct assistance, and
delivered 10,365 pages by email.
- PRAISE digitized documents
relating to Hawaiian fishponds
and the marine environment and
made them available online.
- The Publications Specialist
continued to produce and
distribute an online newsletter
each month to nearly 1,000
subscribers.
- The Publications Specialist
continued to produce videos for
CTSA’s ʺAquaculture in the
Pacificʺ video series. Each 3-5
minute video highlights an
aquaculture farmer, research
group, or CTSA project in the
region. To date, eight videos
have been viewed by over 5,000
people.
- The Publications Specialist
developed 3 new CTSA
publications.
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Additional Project
Participants
Patricia Brandes
Assistant
University of Hawaii at Manoa

Impacts

The PRAISE program has helped a significant amount of aquaculture
industry stakeholders during its tenure by providing scientific resources
upon inquiry. In addition to the personal services provided by the
program participants, the PRAISE website allows users to make
requests online, provides links to resources for students in the region,
and gives local vendors a venue to advertise themselves to the world.
The information dissemination activities under the Publications project
have helped extend CTSA and other RAC research to industry
stakeholders and interested parties throughout the region. The YouTube
video series has provided an opportunity for worldwide promotion of
regional aquaculture activities, and several videos have been featured at
international conferences and symposiums. The curriculum produced
under this project year is introducing aquaculture to K-‐12 students in
Hawaii and the U.S. Affiliated Pacific Islands.

Publications
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Brooks, M., L. Hansink, G. Nagaue, W. Dominy, and L.
Conquest. 2011. Make Your Own Tilapia Feed: A Guide For
Farming Families in American Samoa. 14 pp. CTSA #155.



Brooks, M. 2012. A.Q.U.A.: A Quest to Understand Aquaculture.
51pp. CTSA #157.



RE. Klinger-‐Bowen, C.S. Tamaru, K. McGovern-‐Hopkins, and
B.K. Fox. 2012. Francisellosis in Tilapia. 5pp. CTSA #158.

Development of New Technologies
Demonstration and Adaptation of Known Technologies

Adapting Aquaponics Systems for Use in
the Pacific Islands, Years 1 and 2
Funding Level: $68,024
Lead Institutions: University of Hawaii at Manoa, CTAHR
Principle Investigators: Kent Kobayashi, Ph.D.
Status: Year 1 Completed, Year 2 Ongoing

Research Purpose

Aquaponics holds great potential in the Pacific Islands, where there is
an interest in the local production of fish and produce. Extension of an
existing aquaponics system has been attempted before in Saipan, but
failed due to its reliance on expensive, breakage-prone, high
maintenance mechanical components and a lack of basic scientific
knowledge to modify the system. Promising results have been
obtained with a small scale (50 m2), modular tilapia and lettuce coculture system that uses minimal electricity and is comprised of one
piece of equipment (designed under an FY07 CTSA project). The
primary objective of this project is to refine the technology of the
system and distribute it in Hawaii and the Pacific Islands.

Results
At A Glance…
- 3 systems and 2 successful
new farms were established in
American Samoa.

Objectives










Objective 1: Test the efficacy of the air breathers Chinese catfish
Clarias fuscus and Asian snakehead Channa sp. for aquaponics in
Hawaii. Use of air breathers could obviate the need for aeration and
further simplify our aquaponics system. A downside of low
dissolved oxygen could be enhanced denitrification. The issue of
denitrification will also be addressed for Pacific Island systems using
tilapia.
Objective 2: Determine the nutrient profile of fish water generated by
metabolism of a locally produced feed and determine the need for
supplementation of this feed.
Objective 3: Develop a planting and harvest scheme that will allow
constant marketing of product. Complete a manual describing the
construction, start up, and operation of the new aquaponics system.
Objective 4: Take materials to a client in the Pacific and build a
system. Train farmers and local extension staff to build and operate
the system. Demonstrate on site the operation of the system and
work with the farmers to make sales arrangements with a local
customer.
Objective 5: Conduct research in Hawaii that will refine the system for
the Pacific Island client and/or expand the system to produce other
desirable hydroponics vegetables.
Objective 6: Make a site visit to extend this technology, and possibly
assist other farmers to establish an aquaponics system.
Objective 7: Work with any interested fish farms in Hawaii to
integrate hydroponics into their current production scheme, or
agriculture farms interested in expanding into fish or reducing
fertilizer costs.

- Beginnings were made in the
understanding of the
biochemistry of aquaponics
systems. This led to affordable
designs and management
schemes that were transferrable
to farmers.
- Chinese catfish were
successfully tested as alternative
fish for aquaponics and were
used to improve upon
denitrification problems suffered
by some farmers. These
problems were decreasing yield
and lengthening growout times.
- Planting and harvesting
schemes were developed to cut
growout time in half.
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Additional Project
Participants
Adam Baker,
Dept. of Molecular Biosciences
and Bioengineering, CTAHR
University of Hawaii at Manoa
James Hollyer,
Agricultural Development in the
American Pacific, CTAHR
University of Hawaii at Manoa
Harry Ako,
Dept. of Molecular Biosciences
and Bioengineering, CTAHR
University of Hawaii at Manoa
Clyde Tamaru,
Dept. of Molecular Biosciences
and Bioengineering, CTAHR,
University of Hawaii at Manoa
Kiara Sakamoto, student,
Dept. of Molecular Biosciences
and Bioengineering, CTAHR,
University of Hawaii at Manoa
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Impacts

The primary impacts of this project are found in the progression of
aquaponics technology. New information about the science of the
system can help to make aquaponics more feasible in a commercial
setting.
The farm planned in American Samoa will be a community-based coop
that will also have significant impacts. It should provide income and
vegetables for several families. Currently, vegetables are air flown in
from New Zealand, and Samoans report that they begin wilting as soon
as they are put on grocery shelves. Prices are very high as well.
Another impact comes in the form of economics. Preliminary economics
suggests that a small, community based farm (which can be afforded
with a small Veterans Administration grant) will yield a profit of about
$9,000 per raceway, with multiple raceways planned. The $9,000 figure
is the average income in American Samoa so the profits would be
appreciated.

Publications


Ako, H. and K. Sakamoto. 2011. Pacific Island Spotlight:
Transferring Aquaponics Knowledge to American Samoa.
Aquatips in Regional e-‐Notes for the Center of Tropical and
Subtropical Aquaculture 3(8):2-‐6.

Development of New Technologies
Development of New Technologies

Aquaculture of Opihi, Years 1 and 2
Funding Level: $100,000
Lead Institutions: Oceanic Institute
Principle Investigators: Warren G. Dominy, Ph.D.
Status: Year 1 Completed, Year 2 Ongoing
Research Purpose

Opihi are a high value product in Hawaii, where an established niche
market bolstered by the need for opihi at Hawaiian gatherings exists.
However, due to overfishing, wild opihi stocks have been severely
depleted and supply can no longer meet demand; the captive culture
of the species is imperative to its sustainability as a high-value
product. While some highly academic marine biology studies have
been conducted, a concerted aquaculture research effort for opihi has
never been attempted. This project is aiming to conduct the necessary
research to develop cost effective means of opihi culture.

Objectives











Objective 1: Collect wild giant opihi and establish a broodstock
holding facility.
Objective 2: Develop an artificial feed for opihi starting with
natural diets and including artificial feeds made for other
benthic grazers. The purposes are to maintain the animals and
to identify possibly important feed characteristics.
Objective 3: Identify the best method of spawning opihi and
develop larval rearing methods to increase survivorship.
Current data suggest high mortality during larval settlement
and metamorphosis.
Objective 4: Continue testing feeds with adjusted nutritional
profiles, with different attractant ingredients, and different
methods of presentation. Begin identification of optimal
nutrient and attractant levels by systematically varying each
individually.
Objective 5: Rate the flavor of cultured opihi with a panel of
experienced opihi eaters. Beside taste, aquacultured opihi will
be tested for texture and/or mouth feel.
Objective 6: Work on sustaining the life cycle in culture. Focus
on improving management practices. On land growout systems
will have to be recirculating.
Objective 7: Transfer technology to a few motivated
stakeholders via extensive, hands on extension and an industry
manual summarizing the developed techniques for opihi
aquaculture.

Results
At A Glance…
- Researchers were able to
successfully overcome
unexpected challenges in
collecting and moving animals
from container to container, and
developed a holding facility.
- Researchers have been able to
formulate feeds that sustain life
and support relatively fast
growth. They formulated an
artificial feed and conducted feed
studies, which found that natural
biofilm, or the commercially
available algae Porphyra sold as
“nori,” was needed as a
palatability enhancer.
- Year 2 studies suggest that the
artificial feeds support good
growth rates, with a rate of about
30% in 10 weeks.
- Very good preliminary results in
spawning and settling have been
achieved.
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Additional Project
Participants
Nhan Thai Hua
University of Hawaii
Addison Lawrence, co-P.I.
Wildlife and Fisheries Science
Texas A and M University
Chris Bird, co-P.I., School of
Ocean and Earth Science and
Technology, University of Hawaii
Vernon Sato, co-P.I.
Retired

Impacts
The	
  primary	
  impact	
  of	
  this	
  work	
  to	
  date	
  is	
  the	
  development	
  of	
  capture,	
  
holding,	
  and	
  feeding	
  procedures	
  to	
  enable	
  the	
  continued	
  study	
  of	
  opihi.	
  
The	
  feeds	
  work	
  presented	
  the	
  greatest	
  challenge	
  and	
  as	
  the	
  most	
  time	
  
consuming.	
  It	
  may	
  be	
  the	
  most	
  important	
  because	
  without	
  a	
  sustainable	
  
feed,	
  the	
  animals	
  would	
  not	
  stay	
  alive	
  and	
  researchers	
  could	
  not	
  look	
  
forward	
  to	
  measuring	
  growth,	
  maturation,	
  and	
  doing	
  spawning	
  and	
  larval	
  
rearing.	
  
	
  
A	
  nice	
  academic	
  piece	
  of	
  work	
  was	
  done	
  to	
  identify	
  stomach	
  content	
  of	
  
wild	
  opihi.	
  Microscope	
  analysis	
  has	
  confirmed	
  that	
  that	
  opihi	
  feed	
  on	
  
benthic	
  diatoms,	
  putting	
  to	
  rest	
  previous	
  speculations.	
  	
  
If	
  this	
  project	
  succeeds,	
  a	
  cultural	
  icon,	
  the	
  opihi	
  will	
  remain.	
  Most	
  young	
  
people	
  in	
  Hawaii	
  have	
  never	
  eaten	
  an	
  opihi,	
  a	
  sad	
  fact	
  the	
  research	
  group	
  
hopes	
  to	
  change.	
  	
  
	
  

Harry Ako, co-P.I., Molecular
Biosciences and Bioengineering
University of Hawaii
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Development of New Technologies
Development of New Technologies

DNA-Based Identification and Selection of
High-Growth Tilapia in Hawaii, Years 1 and 2
Funding Level: $100,000
Lead Institutions: University of Hawaii at Manoa
Principle Investigators: Jinzeng Yang, Ph.D.
Status: Year 1 Completed, Year 2 Ongoing

Research Purpose

The lack of genetically suitable seedstock of tilapia has been a limiting
factor for aquaculture of the species in Hawaii. Importation of tilapia
strains to Hawaii has been challenged by environmental concerns and
field-testing experiments. However, tilapias existing in the wild and
on farms in Hawaii can be used as genetic resources for developing
high-growth tilapia and negate the need to import new strains.
Microsatellite genotyping and gene expression analysis have been
proven as effective tools for genetic selection of superior animals with
desirable production traits. The primary objective of this project is to
develop fast-growing tilapia by using existing strains and hybrids in
Hawaii.

Objectives


Objective 1: To identify and classify wild and captive tilapia
strains and hybrids in Hawaii by DNA-‐based methods.



Objective 2: To develop DNA-‐based testing tools for selecting
high-‐growth tilapia by using existing strains or hybrids in
Hawaii.



Objective 3: Distribute educational materials and research
results.

Results
At A Glance…
- Researchers established the
MtDNA CR PCR and DNA
sequencing protocol for tilapia.
- A total of 420 tilapia fin samples
were collected from 13
populations from local farm and
wild population sites in Hawaii,
and DNA was extracted and
used for PCR.
- Seven different tilapia species
and one hybrid have been
identified, including O. aureus,
O. mossambius, O. urolepis, O.
niloticus, S. melanotheron, T.
rendali, and O. niloticus × O.
mossambicus.
- The results from this study
confirm that O. niloticus and its
hybrids exist in the wild and
captive sites in Hawaii.
- Year 2 work is focusing on
employing qRT-PCR arrays to
identify significant genes related
to muscle formation and growth.
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Additional Project
Participants
Liang Wu, Ph.D.
University of Hawaii at Manoa

Graduate Students Awat Yousif
Yvonne Lee, and Gavin Iwai
University of Hawaii at Manoa

Michael DuPonte
Extension Agent
University of Hawaii at Manoa

Wayne Okamura
Tilapia Farmer, Hawaii

Annette Tagawa
Dept of Land and Natural
Resources
State of Hawaii

Impacts

Results from Year 1 research work provide the genetic basis of selecting
suitable tilapia strains or hybrids for the Year 2 project. Results from
Year 2 project will provide useful directions of tilapia broodstock
breeding for the local tilapia aquaculture community.
In the long term, this project will have significant impacts on Hawaiian
aquaculture and technology development for a sustainable industry. In
particular, successful completion of this project will offer Hawaii tilapia
aquaculture farmers better genetic stocks and selection of tilapia
seedstock.
An organized selection and breeding program of tilapia for better
growth performances in Hawaii would have great economic value to
the aquaculture industry because of enhancement in feed conversion
and production efficiency. Hopefully, the results from this research
project will help to build up a selective genetic program for breeding
high-‐growth tilapia in the state of Hawaii.

Publications
 Pan G and Yang J. 2010. Analysis of Microsatellite DNA Markers
Reveals no Genetic Differentiation between Wild and Hatchery
Populations of Pacific Threadfin in Hawaii. International Journal
of Biological Science 6:827-833.
 Yang J, Wu L, DuPonte M, Okamura WM, Tagawa AW, Tamaru
C, Ako H, Lee CS. 2012. DNA-based Identification of wild and
captive tilapia species in Hawaii CTSA Regional eNotes, Vol 4
Issue 3.
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Development of New Technologies
Development of New Technologies

Diversifying Freshwater Aquaculture
Products for Hawaii: Crossover Species,
the Red and Black Pacu, Years 1 and 2
Funding Level: $100,000
Lead Institutions: University of Hawaii Sea Grant
Principle Investigators: Robert Howerton, Ph.D.
Status: Year 1 Completed, Year 2 Ongoing

Results
At A Glance…

Research Purpose

Due to the limited availability of freshwater food fish species for
culture in Hawaii, current freshwater enterprises are limited to live
niche markets and a fledgling freshwater ornamental industry. One
innovation that can be utilized in the freshwater aquaculture industry
is the development of crossover species, i.e., species that can be sold at
different life stages for the aquarium market and as a food fish
species. These species have multiple profit opportunities for farms.
This project aimed to diversify Hawaii’s aquaculture industry with
the investigation of the suitability of at least one crossover species, the
red pacu, Piaractus brachypomus, as a freshwater aquaculture product
for both the aquarium and food fish markets in Hawaii.

Objectives











Objective 1: Characterize growth of juvenile red pacu under
monoculture conditions encountered on Maui utilizing locally
available commercial feeds.
Objective 2: Compare growth and survival in monoculture and
polyculture (e.g., Chinese catfish and red pacu) growout trials on
Oahu.
Objective 3: Initiate the establishment of broodstock populations for
red pacu on three islands.
Objective 4: Obtain and collate technical information available on
pacu including those written in foreign languages.
Objective 5: Locate sources of the black pacu that meet import
requirements for the state of Hawaii.
Objective 6: Conduct technology transfer to appropriate end users.
Objective 7: Conduct pilot-‐scale monoculture growout enterprises in
collaboration with private sector farms.
Objective 8: Characterize growth and survival of juvenile red pacu in
closed recirculating systems.
Objective 9: Test market pacu as a food fish species on both Oahu and
Maui and conduct survey of ornamental market demand.
Objective 10: Technology transfer to appropriate end users.

- Researchers demonstrated that
red pacu can be grown on
chicken egg layer diet as
opposed to other commercially
available fish foods.

- Researchers demonstrated that
feed type can significantly impact
plant crops in an aquaponic
setting. Results from feeding
trials indicate that if pacu is to be
grown in an aquaponic setting,
then the feed that has the
highest protein and fat content
would be the recommended diet.
Alternatively, if the pacu is to be
grown strictly in an aquaculture
scenario, the culturist should
consider using a commercial
chicken feed to lower costs.

- Polyculture trials determined
that based on the body weight
and total length, the best
treatment for Chinese catfish and
pacu polyculture at this point in
time is the 14 pacu + 100
Chinese catfish. However, the
highest average FCR was
obtained when the pacu were
being cultured alone and much
has to do with their feeding
behavior.
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Additional Project
Participants
Clyde S. Tamaru
Aquaculture Extension Agent
CTAHR, MBBE

RuthEllen Klinger-Bowen
Assistant Extension agent
CTAHR, MBBE

Impacts

Results from the project indicated that the red pacu is a good
aquaculture candidate and is very efficient at converting protein and fat
into biomass. Continued exposure of pacu and surveys of marketability
should only enhance Pacu’s promising introduction into Hawaii’s
aquaculture industry.
Based upon the results obtained so far under this project, one farmer
(i.e., Fred Lau of Maris Garden) has ordered and received on June 11,
2012 a shipment of 140 red pacu, and is attempting a field test on his
farm.

Bradley Kai Fox
Assistant Specialist, MBBE

Kathleen McGovern-Hopkins
Assistant Extension Agent
MBBE
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Development of New Technologies
Demonstration and Adaptation of Known Technologies

Collection and Health Certification of
Coralgrouper Broodstock in the Mariana
Islands
Funding Level: $42,818
Lead Institutions: University of Guam
Principle Investigators: Hui Gong, Ph.D.
Status: Ongoing

Results
At A Glance…

Research Purpose

The purpose of this project is to begin the process of establishing a
domesticated, high health population of two species of coralgroupers,
Plectopomus leopardus and P. leavis, commonly known as the Leopard
and the Giant coralgrouper respectively. Coralgroupers are among the
most sought after and valuable food fish of the coral reef habitat
worldwide. They are some of the highest priced fish in the Live Food
Fish markets in Hong Kong, where they are imported from across vast
regions of Asia and Oceania. As such, many are listed as vulnerable
on the IUCN Red List, including the two target species for this project.
They are suffering from over fishing on Guam to the point where their
natural recruitment may be threatened, and there is interest to restore
the natural stocks of these two species. Furthermore, the aquaculture
industry of Guam has a strong desire to develop a local, high-end
product that can be marketed as a live, in-restaurant product to the
tourist trade.

Objectives






- At the beginning of the project,
researchers experienced
difficulties collecting the live
grouper. They have since
resolved this issue.
- To date, researchers have
obtained the coralgrouper
broodstock and familiarized
themselves with the species and
their behavior.
- The lab has been set up and
prepared for the viral disease
diagnosis and other health
monitoring routines.

Objective 1: To contract with local fishers for a minimum of 20
live, adult or near adult Plectropomus leopardus and 20 live
adult P. laevis caught from the local wild population.
Objective 2: To test the resulting captive stocks of these two
species for the two most common classes of grouper viruses:
viral encephalopathy and retinopathy also known as Viral
nervous necrosis (VER/VNN), and a group of four iridoviral
diseases.
Objective 3: To maintain these stocks in quarantine and monitor
them for any other diseases for a six month period.
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Additional Project
Participants
John W. Brown
University of Guam

Potential Impacts

Coralgroupers offer the possibility of serving three markets: providing
fish of the restoration of natural reef populations, providing fry for local
farmers, and providing SPF fry or broodstock to the Asian industry.
The results from this research can potentially help determine if the coral
grouper is a suitable candidate for aquaculture. In addition, the planned
research will also provide useful information to both aquaculture
academia and industry members.
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Development of New Technologies
Demonstration and Adaptation of Known Technologies

Aquaponics for Hawaii and the U.S. Pacific
Islands: Technology Refinement and
Transfer to the Commercial Sector
Funding Level: $51,729
Lead Institutions: University of Hawaii at Manoa, CTAHR
Principle Investigators: Kent Kobayashi, Ph.D.
Status: Ongoing
Research Purpose

The primary goal of this work is the expansion of the aquaculture
profession. As indicated, aquaculture is small, populated by aging
people, and shrinking. Aquaponics is exciting to young people
because it is environmentally friendly (green). It takes waste products
from fish culture, remediates them, and uses it to grow healthful
vegetables for people to eat.
Aquaponics enhances food security and provides a sustainable supply
of food for local consumption. The technology also generates local
employment opportunities, as well as revenue streams.

Objectives






Objective 1: Assist and transfer technology to commercial
aquaponics farmers or potential aquaponics farmers and
backyarders engaging in food security. As time permits,
hobbyists will also be accommodated. The measurable will be
numbers of farms or families successfully, photos of their
operations, estimates of their production, and letters of thanks
for assistance.
Objective 2: Train Pacific Island extension specialist in
aquaponics. After training, consult with him in whatever ways
possible to help him transfer technology to the Pacific Islands.
The measurable accomplishments will be the same as the
operations started in Hawaii and American Samoa.
Objective 3: Write a user-friendly review of the aquaponics
literature, both peer reviewed and the gray literature. As time
permits, write a how to on the web.

Results
At A Glance…
- Under the auspices of this
project, the research group has
provided extensive technical
assistance to four aquaponics
farms, including Iliili Farm, Otsuji
Farm, and Mari’s Gardens on
Oahu.

- Work on the scientific aspects
of the system has led to
increased knowledge about
appropriate media for plant roots,
biofiltration approaches, the
Nutrient Flux Hypothesis, and
oxygenation/denitrification
issues.
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Additional Project
Participants
	
  
Harry Ako
CTAHR, MBBE
University of Hawaii
Clyde Tamaru
CTAHR, MBBE
University of Hawaii

Potential Impacts

The extension support provided under the auspices of this project has
helped at least four farms in their startup and day-to-day production
efforts. Ongoing research under this project to improve the science
behind aquaponics has the potential to catapult the industry and
expand its reach.
Aquaponics generates local money that circulates in the community,
adding a multiplier. This is unlike the tourist industry, which takes
money and ships it out to owners of tourist businesses who live outside
of Hawaii. Aquaponics is good platform for sustainable local economic
development.

Bradley Fox
CTAHR, MBBE
University of Hawaii
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Development of New Technologies
Marketing and Economics

Assessing Hawaii’s Aquaculture Farm and
Industry Performance
Funding Level: $58,275
Lead Institutions: University of Hawaii at Manoa, CTAHR
Principle Investigators: PingSun Leung, Ph.D.
Status: Ongoing
Research Purpose

Policy makers, industry participants, and academic researchers have
expressed strong interest in assessing the economic performance for
Hawaii’s aquaculture industry. However an in-depth analysis of the
industry’s performance requires the examination of detailed
production cost information of individual aquaculture farms. Given
the confidentiality concerns of their businesses and the expensive cost
of collecting such data, conducting such a study is extremely difficult
and normally infeasible.
This project circumvents these constraints by making use of
confidential farm level information of the aquaculture industry from
the Census of Agriculture. The census data contains detailed
input/output and production cost information for virtually every
aquaculture farm in the State. With special permission to access the
data at the local USDA’s National Agricultural Statistics Service
(NASS) for the census years 1997, 2002, and 2007, the research group
was able to evaluate the profitability, efficiency and technological
structure of aquaculture farms both across farms and their changes
over time.

Objectives




Objective 1: Evaluation of production cost and profitability of
the entire aquaculture industry as well as its various subsectors
in Hawaii for the census years 1997, 2002, and 2007.
Objective 2: Assessment of the efficiency of the industry and its
subsectors for the same census years as well as the productivity
across time.
Objective 3: Stratification of the aquaculture subsectors into four
categories of performance for assessing their future potential
opportunities.

Results
At A Glance…
- Using the confidential census
data, researchers were able to
uncover very interesting
information. The finding that
labor was the most critical input
factor (accounting for over 42%
of total production costs) was
highly unexpected.
- Additionally, researchers found
a pronounced pattern of
economies scale in production,
whereby most of the small farms
suffered net losses, with profits
being extremely concentrated by
the largest farms.
- Results reveal a wide variation
in performance across farms,
even within the same
sub sectors. In 2007, 57.6% of
the aquafarms generated a
profit; however 39.4% of the
farms were found unable to
cover their variable cash
expenses.
- The micro-level analysis was
also able to assess relative
economic performance across
sub-sectors.
- A manuscript summarizing the
major findings has been
prepared and is currently under
a second round of review for
possible publication in a refereed
journal.
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Additional Project
Participants
Shawn Arita
NREM, CTAHR
University of Hawaii
Clyde Tamaru
MBBE, CTAHR
University of Hawaii
Emiko Naomasa
Research Assistant
NREM, CTAHR and
Economics, CSS
University of Hawaii

Potential Impacts

Successful future development of Hawaii’s aquaculture industry calls
for the industry to understand the past and current performance of all
of its sectors. This project will go a long way towards that end.
Researchers are assessing the strengths and weaknesses of the
aquaculture industry, as well as pointing out potential opportunities for
the future. The results of this study will also be useful in mapping out
the areas of strengths of technical efficiency and technological structure
over time.

Publications


Emiko Naomasa, Shawn Arita, Clyde Tamaru and PingSun
Leung. Assessing Hawaii’s aquaculture farm and industry
performance, 28pp. A manuscript under review for publication
consideration in a refereed journal.
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Development of New Technologies
Development of New Technologies

Culturing Native Species of Macroalgae in
Hawaii and the U.S. Affiliated Pacific Islands
Funding Level: $62,075
Lead Institutions: University of Hawaii at Hilo
Principle Investigators: Maria Haws, Ph.D.
Status: Ongoing

Results
At A Glance…

Research Purpose

Interest in seaweeds is growing rapidly, with new uses being
discovered every day. Unfortunately wild stocks are currently
dwindling, invasive macroalgae species are proliferating, and only 3-5
species are cultured on a rather limited basis in Hawaii. There is clear,
tremendous potential to develop new species so that Hawaii and the
Pacific Islands are not left behind as macroalgal culture becomes even
more important.
Developing local species can help diversify the aquaculture industry,
improve local food security, reduce imports, and increase the
exportation of products. Development of new macroalgal species will
also enhance the possibilities for integrated, multi-trophic aquaculture
in the State, resulting in more production efficiency, better use of
natural resources, and lower environmental impacts. This two-year
project is aiming to determine environmental and culture
requirements for two native species of algae: Asparagopsis taxiformis
(limu kohu) and Codium edule (limu wawae'iole). These species were
chosen as model species due to their high value, export potential,
input from industry members, value by managers of traditional
Hawaiian fishponds, and initial successful culture trials at PACRC.

Objectives








Objective 1a: Determine culture requirements for the diploid
Falkenbergia stage of A. taxiformis.
Objective 1b: Test substrate preferences of tetraspores as a
prelude to large-scale culture of the edible haploid stage.
Determining the substrate preferences is necessary in order to
then develop a culture system that could be used commercially.
Objective 1c: In order for commercially feasible production of A.
taxiformis to be possible, it is necessary to achieve growth of
large quantities of the haploid state which will continue
producing thalli, which is the part harvested for consumption.
Objective 2: Test tumble culture of Codium edule. Although C.
reediae is currently cultured in Hawaii, C. edule is considered

- A climate-controlled, clean
macroalgal work area was
established at the Pacific
Aquaculture and Coastal
Resources Center (PACRC) with
the capability to provide varying
nutrient regimens, salinities,
disinfectant protocols, agitation,
aeration, light levels, and
photoperiods.

- Reliable microalgae collection
sites have been established, and
protocols have been developed
for culturing various species.

- Varying levels of key
environmental parameters are
being tested to determine
optimum culture conditions of A.
taxiformis tetrasporophytes.

- A Codium reediae growth
experiment was conducted and
growth rates varied among light
levels, resulting in recommended
changes to culture procedures.
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Additional Project
Participants

Karla McDermid
University of Hawaii Hilo
Simon Ellis
Marine and Environmental
Research Institute of Pohnpei
John Brown
University of Guam



to have superior flavor, but has not been commercially cultured.
Tumble culture is the preferred culture method as it eliminates
the need for substrates, lends itself to more rapid growth and
eliminates adhering contaminants.
Objective 3: Culture System Set-up. Once environmental and
culture requirements of the two algal species have been precisely
characterized, a culture system(s) will be designed and tested
that is appropriate for both species.
Objective 4: Outreach.

Potential Impacts

If commercially feasible culture methods can be developed for these
species, it will lay the foundation for future work with additional
species and for technology transfer within the State and to the U.S.
Affiliated Pacific Islands.

Steven Katase
Royal Hawaiian Sea Farms
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Development of New Technologies
Extension Support

Marine Finfish Aquaculture Development in
the Northern Mariana Islands
Funding Level: $69,482
Lead Institutions: Oceanic Institute
Principle Investigators: Chatham Callan, Ph.D.
Status: Ongoing
Research Purpose

The Commonwealth of the Northern Marianas Islands (CNMI) includes
a three-hundred mile archipelago of 14 islands populated by just fewer
than 70,000 people. A drastic economic downturn associated with
declines in tourism and pullout of the garment making industry has led
to severe economic recession. This has created a need for greater
diversification of the CNMI economy. Aquaculture has been identified
as one of four key areas with good prospects of economic
diversification. This project sought to help identify marine finfish
culture opportunities and provide hatchery training and mentorship to
the people of CNMI. Marine finfish is currently ranked highest of the
undeveloped commodities with high demand and growing feasibility in
the region

Objectives






	
  
	
  

Objective 1: Convene a local stakeholders meeting to get a
practical representation of the aquaculture industry and
industry potential for marine finfish culture in the CNMI and
select the most appropriate species for training and culture
development .
Objective 2: Conduct marine finfish training workshop in
Hawaii on marine finfish culture.
Objective 3: Write a technical reference guide for marine finfish
culture.
Objective 4: Generate a wrap-‐up report on the status and
opportunities for marine finfish culture in the CNMI for use in
proposing future collaboration in development of a marine
finfish aquaculture sector in CNMI.

Results
At A Glance…
- Identified rabbitfish as the
primary marine finfish species
for future culture in CNMI.
- Provided intensive, marine
finfish hatchery training for
representatives from CNMI,
Marshall Islands, Palau and
Hawaii in a 2-week hands-on
workshop at the Oceanic
Institute.
- Created a completely revised
hatchery manual for the
production of Pacific threadfin
and accompanying CTSA video.
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Additional Project
Participants

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

Potential Impacts

NMC-CREES staff members have been trained in marine finfish
hatchery operations and it is anticipated that this project will result in
the creation of a marine finfish hatchery at the Northern Marianas
College. This hatchery will be used to train farmers (TBD) in the CNMI,
and promote the development of aquaculture in that region.
Successful work conducted under this project has helped lay the
groundwork for developing a range of candidate marine fish species for
commercial farming in the CNMI. The continued development of a
marine finfish aquaculture industry will help secure a local supply of
high quality food for island inhabitants, reducing pressure on already
stressed nearshore fisheries, and providing new economic opportunities
that are both environmentally and socially beneficial to island
communities.

Publications


Callan,	
  C.K.,	
  Laidley,	
  C.W.,	
  Ostrowski,	
  A.C.	
  and	
  A.	
  Molnar.	
  (2012).	
  
Pacific	
  threadfin	
  Polydactylus	
  sexfilis	
  (Moi)	
  Hatchery	
  Manual	
  2nd	
  
Edition.	
  Center	
  for	
  Tropical	
  and	
  Subtropical	
  Aquaculture,	
  
Publication	
  No.	
  159.	
  The	
  Oceanic	
  Institute,	
  Waimanalo,	
  Hawaii.	
  113	
  
pp.	
  

22
48

Development of New Technologies
Development of New Technologies

Developing Diets for Hawaii Cultured
Abalone with Normal Shell Color and High
Growth Performance Using Local Algae and
their Co-products
Funding Level: $156,000
Lead Institutions: Oceanic Institute
Principle Investigators: Zhi Yong Ju, Ph.D.
Status: Ongoing
Research Purpose

Abalone is one of the most prized seafood in the world, and high
demand for this delicacy has resulted in overfishing of wild stocks.
Local abalone producers are constrained by a dependence on
imported pelleted feeds that, unless fed in conjunction with
supplemental algae, result in an abnormal colored abalone shell.
Therefore, this project is aiming to develop a feed that can produce a
normal shell color and result in good growth performance of abalone.
The overall goal is to help Hawaii’s abalone industry become
independent of imported feeds.

Objectives
Year	
  1
 Objective 1: Identify	
  pigments	
  and	
  analyze	
  the	
  nutrient	
  content	
  
contained	
  in	
  Ezo	
  shell,	
  local	
  seaweeds	
  and/or	
  algae	
  co-‐products	
  
and	
  feed	
  ingredients	
  used	
  in	
  making	
  the	
  abalone	
  test	
  diets.	
  	
  
 Objective 2: Formulate	
  two	
  test	
  diets	
  to	
  be	
  fed	
  in	
  combination	
  
with	
  and	
  without	
  Pacific	
  dulse.	
  
 Objective 3: Conduct	
  a	
  feeding	
  trial	
  and	
  evaluate	
  the	
  test	
  diets	
  
based	
  on	
  growth	
  and	
  pigmentation	
  of	
  Ezo	
  abalone	
  shell.	
  
Year 2
 Objective	
  1:	
  Reformulate	
  abalone	
  test	
  diets	
  to	
  commercially	
  viable	
  
feeds	
  without	
  feeding	
  Pacific	
  dulse.	
  	
  
 Objective	
  2:	
  Evaluate	
  the	
  two	
  (2)	
  diets	
  in	
  a	
  field	
  trial	
  based	
  on	
  
growth	
  performance	
  and	
  pigmentation	
  of	
  Ezo	
  abalone	
  shell	
  and	
  
an	
  economic	
  evaluation	
  of	
  diets	
  under	
  commercial	
  conditions.	
  	
  
 Objective	
  3:	
  Conduct	
  a	
  workshop	
  on	
  pigments	
  in	
  abalone	
  shell,	
  
seaweed,	
  algae	
  and	
  feed	
  ingredients,	
  abalone	
  feed	
  formulation	
  
using	
  local	
  whole	
  algae	
  and	
  algae	
  defatted	
  co-‐products	
  and	
  
abalone	
  feed	
  manufacturing	
  technology.	
  	
  
	
  

Results
At A Glance…
- Identified carotenoid pigments
in Pacific dulse from BIAC, other
algae, commercial abalone feed,
etc.

- Nutrient composition completed
for abalone shell, meat, and gut,
seaweeds, microalgae, and
commercial feeds.

- Demineralization method of
shell and extraction of pigments
from abalone shells, which will
be identified at HPU or UH.

- Formulated and reprocessing
of four test diets.

- Establish methods on HPLC for
pigment determinations.
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Additional Project
Participants

Warren G. Dominy, Ph.D.
Director: Aquatic Feeds and
Nutrition Department
Oceanic Institute
Dong Fang Deng, Ph.D.
Research Scientist: Aquatic
Feeds and Nutrition Department
Oceanic Institute

Potential Impacts
Results	
  from	
  this	
  research	
  will	
  lead	
  to	
  commercial	
  feed	
  production	
  for	
  Ezo	
  
abalone	
  in	
  the	
  US,	
  increased	
  growth	
  rate	
  of	
  abalone,	
  and	
  improved	
  
nutrient	
  and	
  sensory	
  qualities	
  of	
  abalone	
  products	
  for	
  export.	
  These	
  
factors	
  can	
  increase	
  export	
  and	
  domestic	
  markets	
  and	
  benefit	
  commercial	
  
abalone	
  companies	
  
	
  
The	
  production	
  of	
  abalone	
  feed	
  requires	
  a	
  high	
  amount	
  of	
  inclusion	
  of	
  
algae	
  product	
  or	
  co-‐product	
  ingredients.	
  Therefore,	
  this	
  research	
  will	
  also	
  
increase	
  the	
  needs	
  for	
  macroalgae	
  and	
  microalgae	
  ingredients	
  to	
  integrate	
  
with	
  abalone	
  feeds,	
  and	
  help	
  the	
  local	
  algae	
  and	
  biofuel	
  algae	
  industries	
  to	
  
become	
  more	
  sustainable	
  and	
  profitable.	
  

Ms. Cecilia Viljoen
Nursery & R/D director
Big Island Abalone,
Mr. Peter Hutchinson
Director of EN Hutchinson Ltd.
New Zealand
Vernon Sato
Retired
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Development of New Technologies
Extension Support

Mitigating the Diseases of Freshwater
Cultured Fish Species in Hawaii and the
Pacific Region
Funding Level: $97,000
Lead Institutions: University of Hawaii at Manoa, CTAHR
Principle Investigators: Clyde Tamaru, Ph.D.
Status: Ongoing
Research Purpose

Francisella-like bacteria (FLB) is an emerging pathogen that is
significantly impacting tilapia farmers in Hawaii and abroad. Results
achieved under the auspices of CTSA’s ongoing Biosecurity project
(FY08) have provided direct evidence and confirmation of the existence
of asymptomatic FLB carriers that appear completely normal but
contain FLB DNA in their spleens. In addition, preliminary evidence
suggests certain strains of tilapia are more resistant to FLB, and that
feral populations of tilapia are apparently asymptomatic carriers. The
main goal of the project is to obtain additional data on the
epidemiology of the pathogen to provide details of its incidence and •
distribution. This is an essential part of developing a program to
mitigate the pathogen and its resulting disease, francisellosis.
•
•

Objectives





Objective 1: Utilizing a combination of conventional and
real-‐time Polymerase Chain Reaction (PCR) testing and
histological assessment conduct a preliminary epidemiology
study on the Francisella-like bacteria (FLB) that is impacting
farmed fish on Oahu, Hawaii.

Objective 2: Determine whether the Francisella-like bacteria (FLB)
is also present in other freshwater and marine species in
Hawaii.
Objective 3: Summarize results and disseminate information
through the scientific community and in lay terms via classical
extension and outreach activities (e.g., newsletter, technical
handout and workshop).

•
•

•
•

•
•

	
  
•
•

Results
At A Glance…
- Demonstration of
asymptomatic carriers of FnoDNA and how the spread of the
pathogen has been occurring for
cultured stocks.
- Estimation of the prevalence of
Fno among feral stocks of tilapia
are over 60% and cultured
stocks at over 45% and 20%,
respectively.
- Demonstration of other fish
species (e.g., barracuda and
Chinese catfish) being Fno
positive.
- Hypothesis that there may be
some species that are more
resistant to Fno.
- Removing infected stock from
an aquaponic system and
allowing it to remain fallow for
two weeks may be a means of
ridding the system of the
pathogen.
- Preliminary evidence that the
pathogen may not be vertically
transmitted.
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Additional Project
Participants

RuthEllen Klinger Bowen
Co Principal Investigator
CTAHR
Kathleen McGovern Hopkins
Co Principal Investigator
CTAHR
Dr. Esteban Soto
Co Principal Investigator
Ross University
School of Veterinary Medicine
Dr. James Brock, DV
Moana Technologies
Dr. Lei Yamasaki, DVM
Moana Technologies

Potential Impacts
This	
  project	
  has	
  potential	
  to	
  significantly	
  impact	
  tilapia	
  production	
  in	
  the	
  
state	
  of	
  Hawaii.	
  In	
  addition	
  to	
  increasing	
  understanding	
  of	
  harmful	
  Fno,	
  
the	
  project	
  is	
  helping	
  farmers	
  identify	
  and	
  mitigate	
  disease	
  issues.	
  
Conventional	
  PCR	
  testing	
  for	
  Fno	
  and	
  for	
  an	
  OIE	
  listed	
  pathogen	
  (Koi	
  
Herpes	
  Virus	
  or	
  KHV)	
  is	
  now	
  available	
  locally	
  for	
  aquculture	
  stakeholders.	
  
What	
  started	
  out	
  as	
  a	
  collaborative	
  working	
  relationship	
  to	
  address	
  
research	
  objectives	
  has	
  now	
  been	
  transferred	
  to	
  the	
  private	
  sector	
  in	
  a	
  fee	
  
for	
  service	
  activity	
  that	
  allows	
  for	
  rapid	
  analyses	
  of	
  two	
  fish	
  pathogens.	
  	
  
	
  
The	
  service	
  has	
  already	
  been	
  used	
  by	
  private	
  sector	
  entities	
  and	
  
represents	
  a	
  significant	
  upgrade	
  in	
  detection	
  capacity.	
  At	
  least	
  three	
  
commercial	
  farms	
  have	
  begun	
  to	
  employ	
  the	
  service	
  to	
  monitor	
  their	
  
stocks	
  for	
  the	
  targeted	
  pathogens	
  listed	
  in	
  an	
  effort	
  to	
  voluntarily	
  maintain	
  
a	
  specific	
  pathogen	
  free	
  status.	
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Moana Technologies
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