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Introduction 
 
 

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

Background 
Title XIV of the Agriculture and Food Act of 1980 and the Food Security Act of 1985 
authorized establishment of five regional aquaculture research, development, and 
demonstration centers in the United States (Subtitle L, Sec. 1475[d]) in association with 
colleges and universities, state departments of agriculture, federal facilities, and non-profit 
private research institutions. 
 
CTSA is one of the five regional aquaculture centers (RACs) funded by the U.S. 
Department of Agriculture. Research projects span the American Insular Pacific, using its 
extensive resource base to meet the needs and concerns of the tropical aquaculture 
industry. 
 
CTSA is jointly administered by the University of Hawaii and 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 
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provided by the U.S. Department of Agriculture and by other public institutions. The 
following are the objectives of the Centers: 
 
1. Promote aquaculture research, development, and demonstration for the enhancement of 
viable and profitable commercial aquaculture production in the United States for the 
benefit of producers, consumers, and the American economy; 
 
2. Utilize the Regional Aquaculture Centers in a national program of cooperative and 
collaborative research, extension, and development activities among public and private 
institutions having demonstrated capabilities in support of commercial aquaculture in the 
United States. 
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Organizational Structure 
 
CTSA funds aquaculture research, development, and demonstration projects. Each year’s 
program is the result of several groups working together for many months. A Board of 
Directors oversees CTSA’s programmatic functions,  and an Executive Committee is 
responsible for CTSA’s administrative policy and functions. 
 
In addition, CTSA has two working groups. The Industry Advisory Council (IAC) is 
comprised of members from 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. 
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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; 

• 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 

Anthony Ostrowski, Ph.D. 
Oceanic Institute 

Andrew Hashimoto, 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 

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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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: Anthony C. Ostrowski (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. 
Agriculture Experiment Station, University of Guam 

David Cohen 
Aquatic Innovations, Hawaii 

John Corbin 
Aquaculture Planning & Advocacy, LLC 



 
2009 Annual Accomplishment Report 
 

 
6     Center for Tropical and Subtropical Aquaculture 

John Gourley 
Micronesian Environmental Services, Saipan, Northern Mariana Islands 

Linda Gusman 
Island Aquaculture, Hawaii 

Steve Hopkins, Ph.D. 
Rain Garden Ornamentals, Hawaii 

High Talking Chief Ava Hunkin 
Native Resources Developer Inc., American Samoa 

Theofanes Isamu 
Palau Bureau of Marine Resources, Republic of Palau 

Glen Joseph 
Marshall Islands Marine Resources Authority, Republic of Marshall Islands 

Jennica Lowell 
Kona Blue 

David Kawahigashi 
Vannamei 101 

Valentin Martin 
FSM National Government, Federated States of Micronesia 

Richard Spencer, Ph.D. (Chair) 
Hawaiian Marine Enterprises, Hawaii 

Ron Weidenbach 
Hawaii Fish Co., Hawaii 

Richard Xie 
Hawaiian Sealife, Inc. 

Leonard Young, Ph.D. 
Hawaii Department of Agriculture Aquaculture Development Program 
 
 

 

Technical Committee 

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



 
Organizational Structure 

 

 
December 2009     7 

• 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 

 
Bruce Mundy 
NOAA Pacific Island Fisheries Science Center 
 
Wai-Kit Nip, Ph.D. 
University of Hawaii at Manoa 

 
Allen C. Riggs, D.V.M. 
Aquaculture Development Program 
 
Tetsuzan (Benny) Ron, Ph.D. 
Aquaculture Program Coordinator – University of Hawaii, Manoa 
 
Vernon Sato 
Hawaii 
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Executive Summary 
 
 

PROGRAM SCOPE 
During 2009, the Center for Tropical and Subtropical Aquaculture completed work on 
projects funded under its Eighteenth Annual Plan of Work and continued work on projects 
funded under its Nineteenth, Twentieth, and Twenty-first Annual Plans of Work. Also, 
CTSA initiated work on projects developed under its Fiscal Year 2008 Plan of Work and 
began developing its Fiscal Year 2009 Annual Plan of Work. 
 
Ten projects were funded under CTSA’s Fiscal Year 2008 program, which was approved by 
CTSA’s Board of Directors on January 30, 2009. Five of these projects address continuing 
priorities and will build on work begun under the programs of previous years, and five of 
the FY08 projects address new priorities. 
 
Since the inception of CTSA in 1986, it has funded 216 research, demonstration, 
development, and extension projects. Twenty-four projects were active during 2009. 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, Years 1 - 4 
 
2.  These projects address extension support: 

• Shrimp Production Demonstration Project and Aquaculture Training for Industry 
Stakeholders of the Commonwealth of the Northern Mariana Islands and Guam, 
Years 1 and 2  



 
2009 Annual Accomplishment Report 
 

 
10     Center for Tropical and Subtropical Aquaculture 

 
• Improving Outputs in the Commercial-Scale Production of Swordtails in Hawaii, 

Years 1-3 
• Promoting Health Management of Shrimp Aquaculture on Guam and the 

Commonwealth of Northern Mariana Islands 
• Regional Biosecurity: Operational Biosecurity and Diagnostic Surveillance 
• Kahala Broodstock Management  
• Improving the Hatchery Output of the Hawaiian Pink Snapper (Pristipomoides 

filamentosus) 
• Analyze and Compile the Nutritional Composition of Potential Feed Ingredient 

Resources in American Samoa into a Feed Manual for Use in Tilapia Feeds 
 
3.  These projects address marketing and economics: 

• Inter-Institutional Coordination and Preparation of a Guam Aquaculture 
Development Plan 

• Developing Bivalve Culture to Diversify and Position Hawaii as a Supplier of Safe, 
Premium, Edible Shellfish Products, Years 1 and 2 

 
4.  These projects address development of new technologies: 

• Bioprocessing Pacific Island Byproducts for Production of Value-Added Feed 
Ingredients, Years 1 and 2 

• Development of Captive Culture Technology for the Yellow Tang, Zebrasoma 
flavescens, Years 1 - 3 

• Culturing the Harlequin Shrimp (Hymenocera picta) for the Marine Aquarium 
Industry, Years 1 and 2 

• Kahala Parasites and Shrimp Viruses of Concern to Pacific Aquaculture 
• Establishment and Characterization of Cell Lines from Pacific Threadfin (Moi) for 

Use in Early Detection and Control of Pathogenic Viruses 
• Development of DNA Markers for Pacific Threadfin Aquaculture, Years 1 and 2 
• Alternative Methods for Marine Copepod Production in Hawaii 
• 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? 
 
5.  These projects address demonstration and adaptation of known technologies: 

• Improved Stocks and Management Practices for Commercial Tilapia Culture in 
Hawaii and the Pacific Region, Years 1 and 2 
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• Improving Pearl Quality by Grafting Technologies and Husbandry Methods for 
Development of a Hatchery-Based Black Pearl Industry in Pohnpei, the Federated 
States of Micronesia, Years 1 - 3 

• Sea Cucumber Hatchery Production Technology Transfer in Pohnpei, Federated 
States of Micronesia, Years 1 and 2 

• Adapting Aquaponics Systems for Use in the American Pacific Islands  
 
On the following pages, we present a summary of the goals, principal accomplishments, 
and impacts of these projects. See the Progress Reports section for further details.
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Information Dissemination 
 
Pacific Regional Aquaculture Information Service for Education (PRAISE) and 
Publications, Years 1 - 4 
The PRAISE program provides research support services that empower regional 
aquaculturists to compete in the business world. These services range from development of 
educational products to direct delivery of research information. For a relatively small 
investment, the Pacific region has access to information which has enabled users to apply 
successfully for grants, design better facilities, increase survival rates, produce quality 
merchandise, and market research results. Regional educators and librarians have also 
benefited through product development and resource sharing. Every year, we receive the 
grateful commentaries of our users assuring us that they could not have done it without 
our assistance or the job would have taken considerably longer.  
 
There is an ongoing need for the services we offer. Hamilton Library is the only research 
library in the Pacific. Compared to the high costs of transportation, electronic transfer of 
resources makes this project cost effective. This makes it logical that our focus for new 
products should be on digitizing resources which will be useful to the aquaculture 
community. To enhance our digital projects, we are working collaboratively whenever 
possible with the staff at the Pacific Aquaculture & Coastal Resources Center (PACRC) at 
the University of Hawaii at Hilo. Coordination with PACRC expands the ability of either 
group to reach the maximum number of end-users. 
 
The Publications component of this project has two important, interrelated goals: (1) inform 
industry members and educators in our region of pertinent aquaculture information 
through various media and (2) inform the aquaculture community and interested parties of 
the progress of CTSA-funded projects through our own publications and those produced 
by others. In an effort to make our activities more environmentally conscious, we have 
restructured the manner in which we release CTSA news and information. In place of our 
previous quarterly printed publication Regional Notes, a monthly e-newsletter has been 
implemented and is distributed once a month to an audience of over 1,000 that ranges from 
local farmers and researchers to U.S. senators and other Beltway policymakers.  In 
addition, two AquaTips papers and three special reports were published and made 
available for online download. The Publications project provides an invaluable service, 
creating and disseminating information that is difficult and sometimes impossible to find 
elsewhere. 
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Extension Support to Further Industry Development 
 
Shrimp Production Demonstration Project and Aquaculture Training for Industry 
Stakeholders of the Commonwealth of the Northern Mariana Islands and Guam, 
Years 1 and 2   
The Commonwealth of Northern Mariana Islands (CNMI) and, to a lesser extent, Guam, 
are looking to stimulate and stabilize their economies through industry diversification, due 
to declines in the garment manufacturing and tourism industries. The development (or 
expansion) of aquaculture is attractive because (a) increased aquaculture production can be 
supported by the domestic market due to the high demand for seafood fueled by tourism, 
and (b) live or fresh aquaculture products may have a high market value as domestic 
aquaculture is the only source (e.g., shrimp). Furthermore, farmers can sell directly to 
hotels and restaurants and receive much higher prices than if selling on the global 
commodities market.   
 
Several small farms in the CNMI and Guam produce tilapia or marine shrimp (Litopenaeus 
vannamei). Inefficient farming practices and inconsistent seedstock availability, however, 
along with an unproven track record for shrimp aquaculture in the CNMI, have limited the 
development of the shrimp farming industry.  
 
This project has two main goals: 1) build a knowledge and technical base for shrimp 
aquaculture in the CNMI and Guam and 2) stimulate interest (and possibly investment) in 
aquaculture in the CNMI and Guam. In an effort to achieve these goals, a 2-day 
aquaculture workshop was conducted in Saipan during Year 1. The workshop was 
attended by over 80 local farmers, business leaders, and government representatives, 
among others. In addition, OI scientists visited the Guam Aquaculture Development and 
Training Center (GADTC) on two separate occasions (November 2007 and July 2008). 
During these visits, scientists provided training on shrimp artificial insemination (AI) 
techniques, discussed broodstock feeding, water quality management, and broodstock 
sourcing protocols with GADTC staff, and gave presentations on regional opportunities in 
shrimp aquaculture and the effects of inbreeding on hatchery and growout performance of 
shrimp to industry stakeholders and University of Guam students and faculty. In July 2009 
(Year 2), another trip was made, during which Clete Otoshi (OI scientist) gave a 
presentation on super-intensive shrimp aquaculture.    
 
A shrimp production trial was conducted during Year 2 at SyAqua Saipan (formerly Saipan 
Aquaculture - the largest shrimp farm in the CNMI).  A primary goal of this trial was to 
evaluate an alternative oxygen delivery system in an effort to reduce electrical usage per kg 
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of shrimp produced.  Electrical costs in the CNMI account for a large portion of production 
costs (~40%), and this is a major impediment to industry development/expansion.  This 
alternative oxygen delivery system is similar to that used at OI for super-intensive shrimp 
culture and, if successful at SyAqua Saipan, could be used at any intensive farm in the 
region.  Unfortunately, inadequate management and communication by SyAqua Saipan 
during the production trial resulted in the inability to properly evaluate the alternative 
oxygen delivery system.  However, this trial did afford the opportunity for SyAqua Saipan 
to test the oxygen concentrator equiment and see first-hand the simplicity of the equipment 
and its immediate impact on dissolved oxygen concentrations (DO).  They have since 
purchased an oxygen concentrator and they have been able to increase stocking densities 
while maintaining satisfactory DO.  This should lead to increased production and lower 
cost-of-production. 
 
Improving Outputs in the Commercial-Scale Production of Swordtails in  Hawaii, 
Years 1 - 3 
The overall goal of this project is to improve Hawaii’s swordtail production output and 
impact on its product value. The desired outcome of the project is to improve the statewide 
swordtail production volume by at least 25%, and the contribution by swordtails to the 
freshwater ornamental product value to approximately 30%. This outcome was to be 
accomplished via several approaches, such as improving farm management strategies, 
diversifying product lines, developing technologies for the production of homozygous 
lyretail strains, and the dissemination of the technologies to appropriate end users. 
Initially, it was projected that meeting project objectives would require a minimum of two 
years, but that expectation was revised to three years. The principal reason for the longer 
timeline was because a single gene marker for the homozygous lyretail genotype was not 
obtained during Year 1. Development of that particular genotype will require additional 
time to conduct progeny testing. Although that aspect of the project was disappointing, 
other accomplishments, such as feminizing technology, were successful in laboratory trials. 
 
A stakeholder meeting convened on June 10, 2006 at Windward Community College 
indicated that freshwater ornamental fish producers in Hawaii would like to see continued 
development of new technologies or improved production efficiency of already developed 
technologies that will help continue the growth of the industry. Developing varieties of 
homozygous lyretail swordtails is one advance that would boost output from a farm that 
produces live bearers, because the lyretail variety of swordtails is of much higher value 
than the common swordtail varieties. To accomplish this goal, the project work group has 
been utilizing some of the most advanced tools (e.g., artificial insemination, molecular 
techniques in search of gene markers, sex reversal technology) in the development of a 
production technology. Major outcomes from the previous work have been the 
demonstration of the genetic basis for the lyretail trait and the first known production of 
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homozygous lyretail individuals, albeit at laboratory-scale. One major setback was that a 
potential gene marker that appeared to be associated with the recessive lyretail trait did not 
stand up to double blind testing, limiting the ability to easily distinguish between the 
recessive (e.g., desired) and heterozygous genotype.  
 
The lack of a useful gene marker for the homozygous individual will delay production of a 
homozygous lyretail variety longer than initially proposed, because the process will now 
depend on the classical but more time consuming means of progeny testing. While the 
molecular work was a disappointment, the companion laboratory-scale investigation of 
feminizing swordtails undertaken during Year 1 proved to be very successful. Although 
not the first report of successfully producing all female populations of swordtails via 
estrogen therapy, it is the first to show that using a low dose, longer duration strategy 
results in feminized swordtails that are fertile and possibly have a higher reproductive 
output than untreated swordtails. Validation trials of the results are being tested at pilot-
scale and have been shown to be consistent with the laboratory results.  
 
In addition, the treatment holds promise for alleviating the highly skewed female sex ratio 
that has plagued the industry for years. Producers of swordtails report that alleviation of 
the skewed female sex ratios in their production lines of common swordtails is as 
important as production of the homozygous lyretail varieties. Feminization trials were 
completed during the previous reporting period. The resulting feminized individuals have 
been scored and mated with common males.  Mated individuals have been separated into 
individual buckets were they are being allowed to produce fry.  The resulting fry will then 
need to be grown to the point where sex ratios can be determined.  Individual females that 
produce a preponderance of males will be identified and form the basis for populations 
that can be used to produce a higher percentage of males than control groups.  These are to 
be perpetuated at the WCC Aquaculture Complex and amplified for distribution to local 
farmers. 
 
Promoting Health Management of Shrimp Aquaculture on Guam and the 
Commonwealth of Northern Mariana Islands 
The goal of this project is to conduct research activities on enhancing health management 
on Guam and CNMI through raising biosecurity awareness and establishing a surveillance 
program. The project aims to provide a timely service to Guam and the CNMI, to 
determine the current state of biosecurity practices on existing shrimp farms in the region, 
to evaluate the health condition of shrimp stock through diagnostics, and to provide farm-
specific recommendations on health management. The main objectives of the project are to 
conduct biosecurity audits of current shrimp farm operations, take shrimp samples for 
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health status evaluation, and write reports that combine disease-screening results, farm-
specific biosecurity risks and suggestions for improvement for distribution to local farmers. 
 
Due to extreme difficulty in obtaining necessary reagent solutions for analytical purposes 
at remote farm sites, the project experienced a significant delay and was not able to conduct 
biosecurity audits until July 2009. During the first round of biosecurity audit trips, a total of 
seven shrimp facilities in Guam and the CNMI were assessed. Researchers visited each 
facility and conducted evaluations on shrimp health and biosecurity. During the audit, live 
shrimp were also fixed on site in both Davidson’s solution and 95% ethanol for both PCR 
and hispathology diagnostics, and water samples were taken from the shrimp pond. 
Afterwards, water samples were analyzed in the University of Guam (UOG) aquaculture 
laboratory. Fixed shrimp samples were also processed by transferring to appropriate 
solvents, labeling, sorting and then packing properly prior to shipping to University of 
Arizona for further diagnostic analysis. Farm specific biosecurity reports are pending upon 
the completion of the diagnostic analysis. Once the results are available, the report will be 
compiled and distributed to the farmers or facility manager of each shrimp aquaculture 
site.  
 
Regional Biosecurity: Operational Biosecurity and Diagnostic Surveillance 
Under the auspices of this project, researchers expect to assist in the continuation and 
future expansion and diversification of Hawaii and Pacific aquaculture industries.  A major 
constraint in achieving expansion and diversification is the threat posed by various 
pathogens that can cause catastrophic losses in both vertebrate and invertebrate production 
systems.  Therefore, this project features several objectives that fit in two main categories: 
operational biosecurity procedures for the prevention of diseases and improved 
diagnostics and surveillance.  
 
Project working groups have been formed to address specific priority areas and align them 
with what was obtained through stakeholder input.  The project group anticipates that the 
objectives, rationale and work plan will result in an increased capacity for the state and 
Pacific region to address aquaculture biosecurity issues, ultimately resulting in achieving 
the goal of continued regional growth and expansion of the aquaculture industry.     
 
The project, which started in September 2009, was in its early stages at the time of this 
report. 
 
Kahala Broodstock Management 
Pioneering research conducted by the Oceanic Institute and Kona Blue Water Farms, LLC 
(both of Hawaii) has led to the successful establishment of captive culture technology for a 
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locally important Seriolia species known as kahala, (Seriola rivoliana).  Previous work 
conducted at the Oceanic Institute established a captive breeding program and 
demonstrated the feasibility of hatchery based fingerling production methods for stocking 
in open ocean cages.  Parallel efforts at Kona Blue (KB) led to the development of the first 
large-scale commercial hatchery and open ocean growout of the species, with current 
production of 10,000 lbs per week of a high-value, sashimi-quality, ocean-raised fish, 
trademarked as “Kona Kampachi™” which is targeted for high end sushi bars, white-
tablecloth restaurants and high-end retail outlets.  
 
Although kahala broodstock have now been successfully domesticated, egg supplies 
continue to be variable due to challenges in long-term broodstock maintenance and 
concern over the effects of environmental and dietary factors on egg quality. Therefore, the 
goal of this collaborative project between the Oceanic Institute (OI) and KBWF is to 
establish and optimize broodstock holding conditions toward securing long-term 
broodstock health and developing a more reliable year-round supply of viable eggs to 
facilitate year-round hatchery output. In addition to assisting commercial operations at 
KBWF, results of these studies will assist other commercial startups in determining the best 
methods for maintaining valuable broodstock populations.  
 
In preparation for planned broodstock holding trials, researchers commissioned two 2-tank 
broodstock holding systems for comparison of flow through and recirculating water 
treatment systems for holding kahala broodstock. At OI, a total of 40 kahala broodstock 
(approximately 6 to 12 kg) were taken through a four-week quarantine period and 
randomly stocked into each of the four broodstock tank holding systems. Although 
broodstock were ready for stocking in early January (at project commencement), delays in 
tank and over tank lighting system repairs postponed stocking of broodstock into the new 
holding systems until May 2009. In addition, we supplemented the broodstock populations 
with four additional (~2 kg) kahala per tank from a recent growout trial. 
 
Project results to date have shown that kahala broodstock can be maintained in either flow-
through or recirculating broodstock holding systems with excellent egg output. Both flow 
through and recirculating designs appear to effectively support the broodstock, with mean 
monthly egg production of 1.2 million eggs from the flow through treatment group and 1.4 
million eggs from the RAS treatment group. However, egg production in the flow through 
group appears more up and down, while the RAS group appears to be undergoing a 
steady decline in egg output. It is somewhat early in the project to make generalizations with 
regard to treatment differences, although early results suggest deterioration in egg quality 
over time in the recirculating treatment group which may in part be related to the effects of 
high lipid broodstock diets on water quality. Efforts are underway to improve solids filtration 
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in this system. Upcoming efforts will focus on a switch from well water to sterilized ocean 
water in the recirculating water system treatment group and testing of a higher quality 
broodstock diet supplemented with calamari protein source.  
 
Improving the Hatchery Output of the Hawaiian Pink Snapper (Pristipomoides 
filamentosus) 
Initial efforts in the development of culture technologies for opakapaka have resulted in 
the only captive spawning broodstock and hatchery techniques that produce modest 
amounts of opakapaka juveniles.  The desired outcomes of the project are to develop 
hatchery and nursery techniques for the production of opakapaka juveniles that can meet 
commercial-scale requirements, and transfer those developed technologies to appropriate 
end users for either public or private use. Successful development of hatchery and juvenile 
production technologies offers opportunities for expansion and diversification of the 
emerging off-shore aquaculture activities and forms the basis for the proposed project.  The 
project got off to a late start due to the hiring of the graduate student during the off season 
for spawning of opakapaka.  However, experiments focused on the initial first feeding of 
the opakapaka larvae were initiated during the current reporting period. 
                                                                                                                                                             
The first rearing trials to investigate first feeding were initiated in June of the current 
reporting period.  One of the most basic of investigations was conducted: a comparison of 
larval growth between a fed and unfed group.  Spawned eggs were provided from the 
broodstock holding facility located at the Hawaii Institute of Marine Biology and 
transported to PBRC via UH courier.  The eggs were split into two 20-L plexiglass tanks 
and supplied with a continuous source of aeration over the next 24 hours while the larvae 
hatched.  A 50% exchange of seawater and siphoning of the tank was conducted each day 
followed with the introduction of copepod nauplii (Parvocalanus crassirostris) 48 hours after 
hatching.  Between 5-10 larvae were retrieved from each tank at six hour intervals, at which 
time total length was obtained using a compound microscope equipped with an ocular 
micrometer.   A significant change in total length of the non-fed larval group was clearly 
evident just after 80 hours (3.3 days) post-hatching.  The data indicates that introduction of 
live food organisms must take place no later than the third day post -hatch.   
 
Additional laboratory-scale rearing trials (n=2) focused on the suitability of a particular live 
food organism as a first feed.  These trials were conducted in 7.5 L rearing vessels provided 
with a continuous source of seawater and stocked with the various feeding treatments. The 
trial was conducted for seven days post-hatching, which is the time when total mortality 
was observed in the no-feed control.  Two separate experiments were conducted during the 
reporting period.  During the second trial, the experiment was terminated on the seventh 
day post-hatch to be consistent with the first trial.  Some interesting trends were observed 
from these laboratory-scale trials, the first being the significantly lower survival of the 
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larvae when rotifers were presented as a first live food organism.  While the result was not 
unexpected, in both trials, the treatment was significantly (P<0.05) lower than when 
copepod nauplii were used either in combination with rotifers or when copepod nauplii 
were used alone.  What is of particular interest is the significantly higher survival and 
growth of the first feeding opakapaka larvae that were presented only with copepod 
nauplii.  The introduction of rotifers at first feeding provides no apparent benefit and may 
actually be detrimental.  Gape size of larvae presented with the different feeding regimens 
were particularly revealing, as there was no change in gape size between larvae fed rotifers 
only and rotifers combined with copepod nauplii.  Larvae fed copepod nauplii only 
resulted in larvae possessing significantly large gape sizes. The results are consistent with 
the challenges that have been encountered with transitioning the opakapaka larvae on to 
rotifers, although the rationale for that response remains elusive. 
 
First feeding larval rearing trials that were done with the moi larvae as a training exercise 
did result in data that was useful to the hatchery manager of Hukilau Foods and their 
hatchery operations.  Some thought about incorporating copepods into the rearing protocol 
of moi larvae has been ongoing for several years; insight into the question about whether 
there is a definite need was provided as a result of our initial trial.  Essentially, there is no 
benefit to using copepod nauplii in raising moi larvae and, for that reason, further research 
is not being actively pursued unless the need arises, such as with an alternative fish species. 
 
Analyze and Compile the Nutritional Composition of Potential Feed Ingredient 
Resources in American Samoa into a Feed Manual for Use in Tilapia Feeds 
Under the auspices of this project, researchers expect to conduct and publish research 
activities on the capability of locally-available animal and plant products or byproducts in 
American Samoa for use in fish feed. This project has four main goals: 1) Identify, quantify 
and collect potential local products and byproducts for aquatic feeds development in 
American Samoa; 2) Analyze the nutrient composition of selected samples; 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; 4) Transfer technology 
through a work shop and feed manual hand-outs to local producers and farmers.  
 
The nutritional composition data of locally-available products and byproducts generated 
by this project will be a valuable database in formulating sustainable cost-effective feeds for 
the aquaculture industry in American Samoa. Basal diet formulas for omnivorous and 
carnivorous finfish feeds will be developed using the local feedstuffs, according to 
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published nutrient requirements for each species.  Based on the physical properties of the 
local feed ingredients, suitable processing procedures and conditions will be set up to 
guarantee quality control of final feed pellet. The results of the analysis of all potential 
ingredients from the laboratory will be added to a database of ingredient nutrient profiles 
and transferred to American Samoa.  The nutrient database will be compiled into a manual 
with suggested diet formulas and feed processing techniques. The manuals will be sent to 
local agricultural officials, aquaculture farmers, feedstuff producers as well as feed 
business persons. 
 
The project, which started in August 2009, was in its early stages at the time of this report. 
 

 
Marketing and Economics 
 
Inter-Institutional Coordination and Preparation of a Guam Aquaculture Development 
Plan 
Guam has been developing a commercial aquaculture industry since 1973, when the first 
research was begun locally. The last full aquaculture development plan was written in 
approximately 1988, and it has not been comprehensively revisited. Most of the 
information available to potential local and foreign investors is seriously outdated. The 
plans for the development of aquaculture on Guam need to be revisited, and new 
development strategies need to be devised that capitalize on Guam’s competitive 
advantages of United States’ laws, its location, air connections, climate, and clean 
environment. 
 
This on-going project is intended to develop a new Aquaculture Development Plan for 
Guam. The process of developing the Aquaculture Plan is intended to be inclusive, and it 
began by forming a working group of commercial producers and involved government 
agency personnel. The workgroup has collaborated to compile information and conduct 
several exercises, including an institutional analysis and a SWOT analysis, which was 
written and incorporated into the draft aquaculture development plan. Researchers 
obtained the historical records of the Guam Division of Aquatic and Wildlife Resources 
(DAWR), which list aquatic species that have been imported in the past. While it has been 
determined that these records are incomplete, they are the basis on which import permits 
are issued on Guam. Clarification has been obtained on the procedures for obtaining 
import permits for new species, and some sense of which species may be considered 
possible and which types of species will definitely be prohibited has been elicited from the 
DAWR. The report on environmental regulations has been received, and it is currently 
being incorporated into the final draft of the development plan. The institutional analysis is 
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complete and has been incorporated into the draft as well. The review of economic 
incentives on Guam indicated that most had lapsed into lassitude over the last 30 years, 
since aquaculture was a new and exciting economic development prospect for Guam.   
 
The core team of the PI and three outside experts in aquaculture and environmental 
management issues has reviewed the output from the working group, and they are 
drafting the revised Aquaculture Development Plan for Guam. Once this draft is complete, 
it will be presented to the working group and the plan will be critiqued and revised. The 
final draft will be published and presented to the public for comment in an open forum. 
 
Developing Bivalve Culture to Diversify and Position Hawaii as a Supplier of Safe, 
Premium, Edible Shellfish Products, Years 1 and 2 
Effort in this project has focused on resolving issues that have historically impeded 
growout of edible bivalves in Hawaii, including issues related to appropriate species, sites, 
lack of a certified laboratory for shellfish growing water analysis, and gaps in State policy. 
The expected outcomes include the demonstration of the biological and economic 
feasibility of edible bivalve culture, identification of the steps necessary to certify a 
laboratory in Hawaii, and capacity building at several levels for culture technology and 
awareness of shellfish sanitation requirements. 
 
An assessment of the potential for bivalve culture in Hawaii was conducted under the 
recently completed USDA project, “Bridging Gaps for Ensuring Long-term Viability of 
Small Tropical Mariculture Ventures in Hawaii and the U.S.-Affiliated Pacific Islands.” The 
final report from the assessment was authored by bivalve experts Dr. John Supan 
(Louisiana State University Sea Grant Program) and Dr. Maria Haws (Pacific Aquaculture 
Center, UH-Hilo). This work identified sites and bivalve species with potential for culture 
and marketing in Hawaii, including those with export potential. The report concluded that 
significant opportunities exist to grow both standard bivalve species and native Hawaiian 
species with commercial potential. There are a significant number of native Hawaiian 
species and established introduced species preferred by consumers of many cultural and 
ethnic backgrounds. There also exist major constraints that need to be resolved.  
 
During the project year, multiple meetings of the bivalve working group were held, where 
interested parties addressed relevant issues, including shoreline certification, specifically 
four traditional Hawaiian fishponds, Keawanui, Kupeke, Kalokaeli and One` Ali`i.  These 
ponds were visited by the meeting attendees to familiarize them with these potential 
shellfish grow-out areas.  Keawanui (shrimp) Farms was also toured, as they plan on 
culturing shellfish as well.  Field surveys were conducted on the islands of Moloka`i, 
Hawaii and Oahu to find sources of broodstock for the hatchery trials.  Spawning and 
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conditioning trials have taken place. One indigenous oyster species, the Hawaiian oyster 
Dendostrea sandvichenis, was used in the first hatchery trials.  Trapezium clams were also 
tested.  The next candidate for trials is the pen shell, which yields valuable adductor 
muscle, very similar to scallop. 
 
There is considerable cooperation from the DOH in assisting with the revival in the bivalve 
industry.  It was stated in the Shellfish Working Group meeting that the FDA is willing to 
help with the certification of a state laboratory to the specifications of the Interstate 
Shellfish Sanitation Committee (ISSC) guidelines.  A member of the DOH staff has gone 
through a preliminary training session with FDA on the shoreline certification process, and 
she will complete follow up training in the near future.  She attended the recent Bivalve 
Working Group meeting on Moloka`i and has familiarized herself with the proposed grow 
out sites.  She has also visited He`eia fishpond on O`ahu.   
 
All identified grow-out sites, including PACRC, have received DOA PQ-7 permits (Permit 
Application for Restric ted Commodities into Hawaii).  The species included on the 
application are Crassostrea gigas, C. sikamea, Tapes semidecussata and the Hawaiian oyster, 
Dendostrea sandvichenis. The confirmed sites to be used for bivalve growth trials include 
Keawanui fishpond (Hawaiian Learning Center), Kalokoele and One` Ali`i fishponds (Ka 
Honua Momona Intl.), Kupeke fishpond (Keawanui Farms) and Keawanui Shrimp Farm.  
He`eia fishpond (Paepae O He`eia) on Oahu will also be used.  Additional possible sites 
include Ualapu`e fishpond and Honouliwai fishpond on Moloka`i.   
 
 
Development of New Technologies 
 
Bioprocessing Pacific Island Byproducts for the Production of Value-Added Feed 
Ingredients, Years 1 and 2 
This project aimed to develop an efficient bioreactor system to produce yeast using papaya 
waste and investigate the possibility of using the papaya waste yeast (PPW) as an 
alternative protein source for aquatic feed. A scale up process to a 500L bioreactor for the 
production of sufficient quantities of a Papaya Waste (PPW) yeast protein for a shrimp 
feeding trial was successful. The PPW yeast product produced by the 500L bioreactor was 
slightly less in protein content in comparison to the protein content in PPW product from a 
14L laboratory scale bioreactor.  To increase yeast production yields in the 500L bioreactor, 
the oxygen transfer system was enhanced and circulation of oxygen was increased through 
an Iwaki mag-drive pump. Yeast production was increased due to increased temperatures 
from ~ 25ºC to 36ºC in the bioreactor by installation of three titanium heaters (800 watts) in 
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the bioreactor.  After 15 batches of the bioreactor runs, sufficient quantities of PPW yeast 
protein were collected for a feeding trial of shrimp. 
 
Five test diets were formulated to include 0%, 25%, 50%, 75% and 100% of the island grown 
PPW yeast as a replacement for an imported protein ingredient mixture.  The feeding trial 
was conducted at OI in a zero exchange system with 20 fiberglass tanks (1500 liters) 
stocked with 100 shrimp/tank. The Pacific white shrimp (Litopenaeus vannamei) were fed 
each diet with four replicate tanks per dietary treatment.   The eight week shrimp feeding 
trial showed that there were no significant (P>0.05) differences in survival and FCR among 
dietary treatment. However, the substitution of 75% and 100% of the imported protein 
mixture in the diets with the PPW yeast decreased the weight gain of shrimp significantly 
(P<0.05) after eight weeks of feeding.  These results demonstrate that up to a 50% 
replacement level of a PPW yeast ingredient can be substituted for imported protein 
ingredient mixture without an adverse effect on growth of the shrimp under current 
conditions. 
 
Development of Captive Culture Technology for the Yellow Tang, Zebrasoma 
flavescens, Years 1 - 3 
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.  
 
Under earlier studies, researchers at Oceanic Institute made preliminary progress in 
describing the reproductive biology of this species and successfully spawning captive 
stocks. These studies also helped to identify a number of key challenges that need to be 
overcome to successfully rear yellow tang in captivity. The first of these challenges is the 
development of a year-round supply of viable eggs. Although captive stocks can be 
spawned year-round, they demonstrate a gradual deterioration in condition with the 
majority of spawns being infertile, and the small numbers of eggs that are fertilized having 
low viability. Therefore, efforts are focused on improving diet and holding environment for 
captive adult stocks to generate viable eggs. Toward this goal, we have collected and 
conditioned yellow tang broodstock. We have also completed the commissioning of a 
recirculating broodstock holding system to improve water quality and provide more gentle 
egg collection. In addition, we have formulated a low-fat/high n-3 HUFA broodstock diet 
that is undergoing testing as an alternative to complex mixed diet feeding regimens 
currently in use.  
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Increased egg output and improved egg quality has allowed us to begin working on 
appropriate larval rearing systems for cultivation of these extremely small and fragile 
larvae. Although even more challenging to rear than the flame angelfish, we are seeing 
signs of success in being able to get yellow tang larvae to begin feeding using our 
Parvocalanus copepod live feed. The small size of the larvae appears to preclude feeding on 
larger copepod nauplii stages, and therefore effort is currently focused on generating 
concentrate sources of copepod eggs and N1 stage larvae for first-feeding. 
 
Planned research will continue to optimize broodstock holding conditions and increase 
efforts directed toward rearing yellow tang larvae by improvement of the larval rearing 
environment and feed optimization for the larval rearing phase of development. The final 
phase of this project will focus on refining captive production technologies, with an 
emphasis on production bottlenecks, and the transfer of developed technology to local 
industry.  
 
Culturing the Harlequin Shrimp (Hymenocera picta) for the Marine Aquarium 
Industry, Years 1 and 2 
The harlequin shrimp,  Hymenocera picta, is a popular marine ornamental shrimp. However, 
almost all harlequin shrimp sold in pet shops around the world are collected from shallow 
tropical waters of the Pacific Ocean, including Hawaii. Collecting harlequin shrimp from 
the wild is not sustainable, and there may be collateral damage to coral reefs associated 
with this practice. Unfortunately, there is a paucity of published information about the 
captive reproduction and husbandry of these valuable aquarium shrimp, so the collection 
of wild shrimp likely will continue in the future. Based on scant published literature, it 
appears that harlequin shrimp feed exclusively on live asteroid echinoderms, particularly 
those of the genera Linckia and Acanthaster. Anecdotal reports suggest that H. picta also may 
feed on other enchinoderms, and that there may not be an obligatory need for live feed. No 
published literature, however, is available to support these claims. The restricted diet of H. 
picta represents a considerable obstacle to large-scale production and marketing of this 
valuable marine ornamental shrimp, as reliance on live asteroid prey presents a major 
challenge and economic burden to the producer or aquarium hobbyist. 
 
In light of the apparent dietary restriction inhibiting the mass culture and marketing of H. 
picta, one goal of this CTSA-funded project is to evaluate alternative diets for this shrimp 
with the expectation that these results ultimately will contribute to the development of a 
formulated, artificial diet. Obtaining large numbers of juvenile or adult shrimp needed for 
diet development has been difficult. In Years 1 and 2, Oceanic Institute (OI) attempted to 
spawn and rear harlequin shrimp in captivity.  Seven pairs of adult harlequin shrimp were 
purchased from local pet stores and larvae from numerous spawns have been collected and 
reared to a maximum of 30-days post-hatch.  Unfortunately, rearing larvae past 30 days has 
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been unsuccessful and efforts continue to evaluate ways to improve larval survival and 
settlement.  Collaboration with local experts continued in Year 2, and we corresponded 
with Dr. Ratree Suksuwan, Phuket Marine Biological Center, Thailand, to exchange ideas 
on larval rearing.  Despite these challenges, broodstock shrimp continue to produce 
fertilized eggs and successful spawning events occur at predictable intervals.  This has 
provided us with valuable information about spawning and molting frequency among 
mated pairs, as well as the opportunity to characterize individual spawns in terms of 
number of viable larvae, number of fertilized eggs, and number of unfertilized eggs.  In 
addition, spawned larvae have been used in numerous larval-rearing trials designed to 
obtain competent post-settled juveniles, and these efforts will continue through Year 2.   

 
Kahala Parasites and Shrimp Viruses of Concern to Pacific Aquaculture 
The focus of this project is two-fold: (a) to address industry concerns relating to a parasite 
problem identified as a bottleneck to kahala (Amberjack) culture in the region and (b) to 
continue a risk assessment to address regional shrimp virus biosecurity concerns. Fish 
ectoparasites and shrimp viruses occur on a global scale, and any research that leads to 
practical management strategies in either area will have a significant impact in aquaculture 
health management. All project activities contribute to the long-term goal of the working 
group, which is to assist aquaculture companies in the region in developing solutions to 
emerging or long standing disease problems.   
 
Most of the proposed work was completed: characterization of the monogene parasite 
affecting kahala in cage culture, characterization of the fish immune response against this 
parasite, and netting trials to determine whether different netting allows for differential 
colonization by parasite eggs. Using molecular methods, the monogene was confirmed to 
be a member of the genus Neobenedenia instead of the Benedenia genus originally described. 
The fish immune response to this parasite was studied in two different finfish species 
(kahala and tilapia), and we confirmed that fish that recovered from a Neobenedenia 
infection were resistant to reinfection. The period of this protective response, however, was 
not characterized. Netting experiments were completed using three different types of net 
(Dyneema, anti-foulant coated Dyneema, and Aquagrid HDPE). All net types allowed for 
colonization by parasite eggs, but the two Dyneema types supported more growth in our 
experiments, primarily due to the increased potential for fraying of net edges when the 
material was cut. Desiccation experiments scheduled for the final portion of the project 
were not completed. 
 
Experiments performed at the Hawaii Institute of Marine Biology confirmed that a very 
low percentage of wild decapod crustaceans from Oahu were positive for WSSV, to include 
Palaemon debilis (grass shrimp), Pachygrapsus sp. (shore crab), and Thalamita crenata 
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(mangrove swimming crab) (Albert and Leong 2005). With recent reports that planktonic 
life stages of crustaceans and other species may also reservoir shrimp viruses in the 
environment, we expanded the risk assessment experiments to include plankton samples. 
Previously, plankton samples had been collected from Kaneohe Bay and Makai Pier (off the 
Oahu coast). PCR/RT-PCR testing was negative for white spot syndrome virus (WSSV), 
infectious hematopoietic and hypodermal necrosis virus (IHHNV), Taura syndrome virus 
(TSV) and yellowhead virus (YHV).  
 
Bioassays using collected plankton showed that no plankton collected was able to transmit 
shrimp viruses to SPF shrimp.  Additional sampling around other islands in Hawaii was 
scheduled in the final phase of the project but was unable to be completed.  Unfortunately, 
the PI for the project, Dr. Teresa Lewis, left the University of Hawaii for a permanent 
position with the US Fish and Wildlife Service and was not able to complete any additional 
plankton sampling during the 6 month no cost extension period of the grant due to an 
unexpectedly heavy travel schedule with her new position.  The funding allocated for this 
portion of the project will be returned to the Center for Tropical and Sub-tropical 
Aquaculture. 
 
Establishment and Characterization of Cell Lines from Pacific Threadfin (Moi) for Use 
in Early Detection and Control of Pathogenic Viruses 
Pathogenic viruses are a major threat to World Aquaculture, and viral infection can often 
cause 100% mortality of affected marine species, leading to huge economic losses. 
Furthermore, current treatment for viral diseases is very ineffective and there are limited 
drugs and/or chemicals currently available for combating pathogenic viruses.  Therefore,  
the best way to control viral diseases in marine aquaculture is to have an effective method 
for early detection of viral pathogens and to prevent the introduction of the pathogens into 
aquaculture regions.  
 
Cell cultures derived from Moi represent the best biological diagnostic system for 
monitoring moi viruses or other marine viruses; however, such a cell culture system is 
currently not available in Hawaii or elsewhere in the world. The lack of appropriate cell 
culture systems will hinder the development of preventive strategies for viral diseases and 
the inspection of batches of juvenile fish for health classification. Therefore, moi cell lines 
established from this study can serve as a sensitive biological tool for detection/diagnostic 
study of moi viruses, and will also be crucial for the viral disease prevention and control 
program and the success of threadfin aquaculture in Hawaii and the Pacific. These moi 
cells will be employed as a sensitive biological tool to provide initial diagnostic virology 
service for Hawaii threadfin farmers. They will be used to screen and test for viruses in 
threadfin cultured in Hawaii, and to enhance viral disease management for moi 
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aquaculture in the future. These newly established moi cell cultures will be extremely 
valuable and also an essential part for the successful development of Moi Aquaculture in 
Hawaii and worldwide. 
 
This study aimed to establish basic laboratory conditions for the primary cultivation of moi 
cells and growth and characterization of moi cell cultures. Over the project period of 1.3 
years, we have successfully developed a primary cell growth protocol for moi fish. 
Different sizes of moi fish were tested for their use in vitro cell cultures, and this study 
demonstrated that both moi fry and juvenile fish are equally supportive for primary cell 
culture practice. This primary cell culture protocol has enabled us to establish two 
continued cell cultures from a total of ten moi tissues tested. Newly established moi cells 
have been subcultured more than 25 times in vitro and successfully preserved in liquid 
nitrogen. We are currently testing and fully characterizing these two cell cultures derived 
from moi snout and fins in terms of their biological properties. 
 
Since there are no moi cell cultures previously reported in literature, the two moi cells 
established from this study represent the first documented in vitro cell cultures system 
from this important marine species.  Full characterization of these two cell lines will 
facilitate their potential application in disease management of moi aquaculture, especially 
viral diseases affecting this important marine animal. Most importantly, the established 
primary culture condition from this study will lay a significant basic ground for promoting 
the future attempt in establishment of more cell cultures from this animal for viral disease 
control and other biological purposes. 
 
Development of DNA Markers for Pacific Threadfin Aquaculture, Years 1 and 2 
The goal of this project is to develop DNA-based genetic analysis technology for use in 
aquaculture and conservation of Pacific threadfin (Polydactylus sexfilis), locally known as 
moi. Under a two year plan, the objectives of this collaborative project between Jinzeng 
Yang, Ph.D., of the University of Hawaii (UH) and Charles Laidley, Ph.D., of Oceanic 
Institute (OI), are to establish genomic and skeletal muscle cDNA libraries and identify 
suitable DNA microsatellite markers of Pacific threadfin (Year 1), and to use these markers 
to characterize the genetic diversity of captive broodstock populations and natural 
populations. In addition, Year 2 activities will examine parental contributions to group 
spawning events. 
 
Under Year 1 project activities, the UH molecular biology research team established 
laboratory methods and procedures for identifying microsatellite DNA markers in Pacific 
threadfin. They collected more than 1200 Pacific threadfin fin clip samples from captive 
broodstock (provided by the OI research team and Anuenue Fisheries Research Center, 
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Honolulu) and wild populations. Genomic DNA was extracted and digested, and a short 
insert genomic DNA library was constructed. A total of 142 microsatellite loci were 
identified in Pacific threadfin by DNA sequencing. A total of 32 microsatellite loci were 
successfully amplified by PCR. Preliminary analysis of nine microsatellite loci was carried 
out in Pacific threadfin samples from three wild populations, collected from locations along 
the south shore of Oahu (Sand Island, Waikiki, and Diamond Head), and one captive 
broodstock population. Based on the genetic differentiation index Fst values, differences 
between the broodstock and wild populations were slightly greater than within wild 
populations. No significant genetic differentiation was found among all of the populations. 
Five highly polymorphic microsatellite loci were selected to develop a PCR panel for a 
parentage assignment study. Parental assignment performed in one small broodstock 
population showed that 90% of the offspring were successfully assigned to a single 
broodstock pair, with a statistical likelihood of 99.5%. In addition, the UH group 
constructed a Pacific threadfin muscle cDNA library, identifying more than 30 muscle 
expressed sequence tags. Studies of the muscle genes and their associated microsatellite 
sequences are ongoing.  

The researchers at OI collected fin clips from four tanks of Pacific threadfin broodstock 
currently being used to generate fingerlings for open ocean cage culture under a 
collaborative research contract with Hukilau Foods, and from F1 and F2 growth-selected 
Pacific threadfin populations. These samples are being used to determine the genetic 
diversity of the OI broodstock populations, including growth-selected lines, in comparison 
with wild stocks. In addition, the microsatellite marker data will provide a good estimate of 
genetic diversity of broodstock supplying eggs into the open ocean cage industry.  Project 
collaborators at UH Manoa are currently working on microsatellite marker development 
and will conduct the molecular analyses. 

The goal of Year 2 of the project is to characterize the identified DNA makers in Pacific 
threadfin broodstock and wild populations. Future work includes the characterization of 
the genetic diversity between captive and wild Pacific threadfin populations, and the 
development of DNA-based testing tools for monitoring Pacific threadfin genetic resources. 
Under Year 2 activities, project researchers at OI continued to maintain the F1 and F2 
growth-selected domesticated lines of Pacific threadfin. The older F1 population showed 
typical seasonal spawning patterns with increased egg production in summer months and 
a decline in egg production in the winter. Most of these broodstock, however, had switched to 
the female phase, leaving relatively few males for egg fertilization. The F2 population began 
spawning in 2007 with relatively low egg output, followed by a considerable increase in 
egg production in 2008. Both the F1 and F2 populations exhibited relatively low fertility 
rates, which may in part be explained by the low number of available males in the older F1 
population, and the relative immaturity of the F2 population. A new recruit of Pacific 
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threadfin juveniles selected post nursery was being grown out at OI for stock 
supplementation at the time of this report. The OI team generated tissue samples for all OI 
broodstock populations and additionally from post-hatchery juveniles taken from three 
successive hatchery runs (100 per run). Samples were collected and preserved for 
microsatellite marker-based analyses and parental assignment by the UH team using the 
five highly polymorphic DNA microsatellite loci they selected during Year 1 activities. 
 
Intensified and Alternative Methods for Marine Copepod Production in Hawaii 
This project evaluated alternative methods to make copepod culture available for 
businesses lacking access to natural seawater and cultured microalgae.  Researchers 
attempted to adapt locally important copepod species (Parvocalanus and Bestiolina) to small-
scale production using artificial seawater and artificial feeds.  Successful adaptation of the 
species would permit new and smaller businesses to examine copepod culture and, 
therefore, production of new fish species at reasonable costs and low levels of investment.   
 
The project was conducted at the coastal facility of the Pacific Aquaculture and Coastal 
Resources Center (PACRC) at UH Hilo.  With the cooperation of the PACRC microalgal 
culturists, we trained a student assistant in microalgal culture, and performed trials 
comparing the growth performance of several species of single-celled microalgae between 
media made with the facility’s source seawater from a well (KSW for Keaukaha seawater), 
and with the PI’s previously-developed artificial seawater (ASW) formula.  First, we 
conducted a preliminary trial with the flagellate Tetraselmis sp., in 100 liter “sun tubes.”  
Over the ten-day trial, the culture grew to a modestly higher density in the artificial 
seawater.  This was an early indicator of success in regards to the project approach. We 
then established in formal replicated comparisons that Tetraselmis and the diatom 
Chaetoceros could be grown under commonly-used conditions with standard methods in 
our low-cost artificial seawater (ASW) as well as in natural seawater.  This meant that 
copepod cultures in ASW could be fed with microalgae grown in media based on the same 
seawater, providing a clear indication of the ASW being suitable for the copepods.  We 
later routinely grew Isochrysis in clear carboys outdoors in ASW to feed the copepod 
cultures, and found this to be workable feed for the copepods. 
 
After successfully receiving a mixed stock of the similar sized, closely-related calalnoid 
copepods Bestiolina and Parvocalanus from our collaborators at HIMB on Oahu, we found 
no short-term problems associated with transport and acclimation of these copepods to 
new sources of natural seawater or microalgal feeds produced in natural seawater.  This is 
pertinent information because it has generally been observed by all others who have 
cultured these animals in Hawaii that they are somewhat more delicate and difficult to 
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culture in high densities than the more commonly produced harpacticoid Euterpina and 
some other types. 
 
Most of the project period was taken up by our attempts to adapt the copepods to a 
complete artificial seawater environment.  This was qualitatively successful; they lived and 
reproduced in ASW cultures while being fed microalgae (Isochrysis) grown in ASW.   We 
did not get to the point of controlled experiments comparing ASW with natural seawater, 
but the course of culture batches and our visual observations of the animals showed no 
differences related to water type. Following our initial qualitative success, we observed 
new setup populations beginning reasonably well, but they slowly dwindled.  Some 
cultures would increase for a few days to two weeks, and some required splitting because 
of the high densities they had attained  (> 10 animals / ml), but all eventually declined on 
the time scale of weeks.  During this time, we increased our algal feedings to make up 
about 400,000 cells/ml, which did not appear to create denser populations.  Our inability to 
maintain cultures for longer periods most likely relates to the low temperatures, low light 
conditions (manually controlled compact fluorescent lamps), or to factors we have not yet 
considered.  Most of our observations were of populations with densities on the order of 1-
5 animals per ml or fewer.  This indicated survivable conditions, but obviously not 
representative of sufficient success at mass culture for larval rearing of fishes.   
 
Determining Aquaculture Bottlenecks of Pacific Threadfin (Polydactylus sexfilis): 
Increasing Fry Survival, Growth, and Quality, Years 1 and 2 
Despite much progress in moi culture over the past few decades, the moi culture industry 
still faces major loss during early larval stages. The main limitation to increased production 
is the relatively low number of juveniles available for grow-out to market size. This can 
largely be attributed to high larval mortality ranging between 70-99% during the pre-
metamorphic and metamorphic stages. Three major problems in the threadfin culture have 
been identified: 1) extraordinary loss during the pre-metamorphic and metamorphic 
periods, 2) the dramatic size variation between fish after metamorphosis, and 3) 
cannibalism during hatchery and nursery phases of operation. 
 
Recent research from our laboratory (in collaboration with the Oceanic Institute) has shown 
that reduced growth and survival are correlated with low environmental iodide supplied 
by seawater wells during broodstock and larval rearing. Iodide is an essential component 
of TH and low iodide levels are directly linked to poor development and survival in all 
vertebrates. In fish, low iodide impedes the activity of the thyroid gland, thereby reducing 
maternal transfer of thyroid hormones (THs) to eggs. The specific aims of this project are to 
characterize the efficacy of using aqueous and dietary iodide to improve survival and 
growth of larval and juvenile moi up to stocking age. Ultimately, our goals are to improve 
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commercial rearing protocols to increase production of fish for the market, and encourage 
expansion of moi culture. 
 
Successful completion of the project will establish the method of iodide supplementation 
that leads to a practical and important increase in the survival and growth of moi larvae 
and fry. Ultimately these results will be utilized to reduce rearing costs and increase the 
efficiency of moi production and improve the financial bottom line for moi farmers.  
 
This project was originally planned as a collaborative effort between the Oceanic Institute, 
Hawaii Institute of Marine Biology (HIMB), and Grove Farms. However, Dr. Grau’s team 
from HIMB has decided to withdraw from the project and, therefore, planned juvenile feed 
trials and thyroid hormone assay work will either be conducted at the Oceanic Institute or 
contracted to outside laboratories as necessary.  
 
Diversifying Freshwater Aquaculture Products for Hawaii: Two Crossover Species, 
the Red and Black Pacu (Piaractus brachypomus and Colosomma macropomum) 
Under the auspices of this project, researchers expect to establish black pacu, Colosomma 
macropomum and red-bellied pacu, Piaractus brachypomus, as freshwater aquaculture 
products for both the aquarium and food fish markets in Hawaii.  It is anticipated that this 
will take several years, mainly due to the time it takes the target species to reach sexual 
maturity, which is reported to be three and four years for the male and female, 
respectively, for the black pacu, Colosomma macropomum, (Campos-Baca and Kohler, 2005).   
 
There is an opportunity to increase food fish and ornamental fish production, particularly 
in the freshwater portion of aquaculture, in Hawaii by importing, spawning and culturing 
two crossover species that are native to South America, commonly known as pacu, 
Colosomma macropomum, (Black pacu or Black-finned pacu, Tambaqui) and Piaractus 
brachypomus.  Both species have ideal characteristics that would make them excellent 
candidates for commercial aquaculture.  These characteristics include; feeding low on the 
food chain; rapid growth; amenable to high density; hardy and resistant to disease and 
marginal water quality; ability to utilize high carbohydrate diets; high marketability as a 
food fish and as an ornamental species; and commanding a high market price (Campos-
Baca and Kohler, 2005). Moreover, pacu can be co-cultured with other food fish and 
invertebrate species (Teichert-Coddington, 1996; Campos-Baca and Kohler, 2005). Culture 
trials currently being conducted in the private sector with black pacu being reared in cool 
water (20-23 oC) sources on the island of Hawaii (Takata, pers. comm. 2008) have shown 
some success and have led to increased interest among commercial farmers.  Commercial 
producers are very interested in expanding opportunities to diversify Hawaii’s freshwater 
aquaculture sector, and pacu appears to be very promising.  Activities of the project will 
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result in the establishment of populations of both pacu species on three islands (e.g., Maui, 
Oahu and Hawaii).  This is being done to take advantage of the various niches/micro 
climates each island possesses.  In addition, the project working group will be conducting 
feeding trials utilizing locally available commercial diets in order to assess performance 
and identification of the most cost -effective feed type.  Pacu have been reported to be 
cultured using low protein-high carbohydrate feeds (e.g., chicken feed 20% crude protein), 
and the feed trials in the proposed project will investigate their utility in the production of 
these species under conditions encountered in Hawaii. Likewise, these species reportedly 
do well when polycultured with other fish (e.g., tilapia and carp) and crustaceans (e.g., 
Macrobrachium rosenbergii), and growth and survival under similar conditions experienced 
in the islands are to be investigated.  Lastly, as freshwater is one of the islands most 
precious natural resources, the performance of both species in closed recirculating systems 
(including aquaponics systems) are to be determined. 
 
Major deliverables for this project include elucidation of optimal water quality parameters 
for pacu, determination of their performance under a variety of culture scenarios, 
fingerling rearing technology, development of feeding protocols and a published manual 
outlining production activities. The project, which started in August 2009, was in its early 
stages at the time of this report. 
 
Value Added Approach for Tuna Fish Roe: Local Ingredient for Shrimp Maturation 
Diet? 
The over-arching goal of this project is to develop new knowledge to sustainably increase 
the value of underutilized tuna fish roe by exploring its potential usage as an aquaculture 
feed ingredient in a shrimp maturation diet. To achieve the proposed goal, studies within 
four consecutive research thrusts will be carried out to obtain the baseline information, to 
develop a practical method for utilizing tuna roe in a shrimp maturation diet, to evaluate 
such diet, and to transfer the knowledge.  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.  
 
Preliminary feeding trials with young shrimp and tilapia showed good acceptance of raw 
tuna roes. However, it is unknown how effectively tuna roe can boost the maturation 
process as compared to the conventional fresh-frozen maturation feeding regimes from 
both health and nutrition points of view. It is worthwhile to assess the nutritional and 
health status of fish roe based on analytical results, and to develop practical ways to utilize 
them in maturation diets. Instead of direct usage of fish roe in its raw form, the pelagic fish 
roe can be homogenized and incorporated into a semi-moist diet to achieve the suitable 
density, stability and palatability. The proper processing procedures need to be developed 
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not only to preserve the nutritional values of fish roes, but also to ensure the feed stability 
and consistency in general, and to provide convenience in feed storage and handling. 
 
The project, which started in August 2009, was in its early stages at the time of this report. 
 
 

Demonstration and Adaptation of Known Technologies 
 
Improved Stocks and Management Practices for Commercial Tilapia Culture in 
Hawaii and the Pacific Region, Years 1 and 2 
This project has two components: one based in Hawaii and the other on Guam. The two-
year Hawaii component aims to improve the quality and availability of stocks for 
commercial tilapia culture in Hawaii. The goal of the one-year Guam component, which 
ended in August 2008, was to enhance commercial tilapia production in Guam by 
establishing tested breeding stocks, university based fingerling production with 
distribution of modest numbers for on-farm testing, and breeding and production 
protocols.  
 
Guam 

The Guam work group was successful in selecting two lines of genetically improved tilapia 
stocks from the original five strains imported before the beginning of this project. Selection 
of the lines was primarily  based on growth rates for the farmers and fecundity in the 
hatchery. The selected lines were the Chitralada strain from the Asian Institute of 
Technology (AIT) in Thailand and the GIFT strain from the Philippines, which were being 
maintained at the Guam Aquaculture Development and Training Center (GADTC). The 
stocks were successful in their hatchery management trails at the facility, and moderate 
numbers were distributed to local farmers during the project period. Both of the strains are 
a silver-black color and are accepted in the local market. The Chitralada strain, however, is 
the lighter colored of the two, and there have been occasional complaints that the GIFT fish 
is too dark.   
 
The work group supplemented the GIFT strain by breeding it with the Philippine Select 
line from the AIT to form a new, in-house strain. Additionally, we obtained a line of Thai 
red tilapia that was donated to the University of Guam by a local farmer as part of a batch 
of fry imported from Nan Sai Farms of Prachinburi, Thailand. We extended the scope of the 
project to include this strain as an alternative to the silver-black strains originally included 
in the plan of work. 
 
Thus, four strains of Oreochromis niloticus were maintained at the GADTC. The four stains 
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of improved tilapia were to offer farmers in the Western Pacific a choice of fast growing, 
genetically improved tilapia that would be accepted in the local markets to improve the 
profitability of their aquaculture operations. 
 
Hawaii 

Earlier observations suggested that because most breeder stocks had gone unmanaged for 
maintenance of genetic quality, they might have deteriorated to the point of showing 
suboptimal growth, survival, and fry production. Also, for many Hawaii farmers, external 
sources of stockable fingerlings are distant, expensive, or unreliable for access. These 
constraints were addressed by demonstrations and practical growth experiments under the 
University of Hawaii component of this project.  
 
Most project activities of the UH component took place at the UHH aquaculture program’s 
farm facility. During Year 1, we established a tilapia project working area at the farm, 
which included four outdoor tanks for fish holding and breeding activities. We also built 
four floating net pens, used to separate groups of fish.  
 
Because we anticipated that it would take up some of the project period (but not a delay 
that continued into Year 2) to obtain the permit to import the primary target species, Nile 
tilapia Oreochromis nilotcus, we proposed and began work with the more readily permitted 
blue tilapia Oreochromis aureus. We conducted three controlled, replicated growth 
comparison trials in which the growth of F1 generation juveniles was compared with the 
growth of juvenile tilapia of various types provided by commercial farmers. Two of these 
trials were conducted at the UHH farm; the other one on Oahu was arranged and 
conducted by work group member Clyde Tamaru. Juveniles from the imported O. aureus 
stock in Hilo were shipped to Oahu under state permit, and quarantined and acclimated 
before the trial. Our collaboration continued with C. Muir's laboratory at UHH for DNA 
analyses to characterize tilapia stocks.   
 
The growth comparison trials showed that the collaborating farmers' stocks grew at equal 
or faster rates than the imported stock of O. aureus. The best growth rates approached 
reported growth rates from research experiments with the world's best known and most 
developed species, the Nile tilapia. These limited facts spoke against the hypothesis 
underlying one of this project's rationales, namely, that Hawaii farm stocks may exhibit 
deteriorated growth due to lack of broodstock management. In addition, the collaborating 
farmers were in general satisfied with the performance of their stocks.  It remained possible 
that the industry would benefit from access to good stocks of Nile tilapia, but this issue was 
not addressed in this project. 
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The DNA work established the application of two modern analytical techniques to some of 
the stocks used in this project, and found them to be sensitive and useful indicators of the 
genetic uniformity/diversity of a group of fish, and appropriate for delineating 
relationships among stocks. The imported stock was, as would be expected, clearly 
distinguishable from the old farm stock held at UHH before this project, and from stocks of 
one of the farmers, both of which were known to be hybrids rather than pure species lines.  
The imported stock exhibited a high degree of uniformity in the DNA regions and 
sequences were analyzed. Thus, it very likely could be distinguished from more closely 
related stocks as well. These tools were used and reported in literature with Nile tilapia; 
our use with blue tilapia appeared to be original. Because the imported stock grew and 
reproduced slowly in the cold well water in the new UHH facilities, the project performed 
DNA analyses on only the F1 generation of its offspring and none later. These results were 
in process at the time of this report. 
 
Throughout the project duration, the work group continued working with the state of 
Hawaii permitting agency for clearance to import juvenile Nile tilapia to the University of 
Hawaii at Hilo (UHH) farm. After applying for a permit in June 2006, we obtained 
approval from the Hawaii Board of Agriculture for the import permit. This would have 
been the last step before issuance of a permit document; however, an unrelated court case 
concerning permits stopped issuance of new importation permits pending resolution of the 
state’s need to obtain Environmental Assessments for such actions. Finally, in March 2009, 
our permit for the importation of Nile tilapia was issued. We received three shipments of 
juvenile Nile tilapia from the University of Arizona: on April 7, April 29, and June 12, 2009.  
All were housed in the permit-required secure facility on the UH Hilo Panaewa Farm, 
which was developed by this project.  The fish (about 1000 in total number as permitted) 
are doing well.  Few mortalities were seen upon arrival, and very few since.  They began 
feeding promptly and have exhibited qualitatively good growth. We have not been able to 
compare their growth with that of the O. aureus stocks.  We noted that the O. niloticus 
growth was qualitatively impressive, particularly in light of the cold water temperatures at 
the facility (21-22 oC).  This growth rate was obviously much greater than the early growth 
of the O. aureus stocks; we suspect (but do not know without controlled tria ls) it exceeds 
the later good growth rates of the O. aureus stocks.  All project stocks have been turned 
over to the care of working group member Kevin Hopkins at UHH, as was proposed and 
offered for the early period after the completion of this project. 
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Improving Pearl Quality by Grafting Technologies and Husbandry Methods for 
Development of a Hatchery-Based Black Pearl Industry in Pohnpei, the Federated 
States of Micronesia, Years 1 - 3 
Improving the quality of a pearl has always been a primary objective in pearl farming. The 
price of a cultured pearl is determined by a combination of factors representing pearl 
quality, including roundness and the absence of flaws. Irregular shapes and flaws, 
however, occur more or less during the natural process of layering of nacre by the oyster, 
and are thought to be inevitable. Post-grafting survivorship has also been a major concern 
in the black pearl industry. The number of producers using chemically treated nuclei, 
particularly treated with antibiotics or other substances such as fibronectine, has increased 
with little scientific evidence of in situ trials showing their effectiveness in improving post-
grafting survivorship and/or pearl quality.  
 
This project aims to find simpler and more economical ways of grafting and husbandry 
methods to improve pearl quality and post -grafting survivorship. The project is also an 
integral part of the College of Micronesia (COM)/COM-FSM Pearl Project for developing a 
sustainable hatchery-based pearl industry in the State of Pohnpei, and for improving the 
profitability of existing black pearl farms in the Pacific.  
 
Understanding the mechanisms of flaw formation is key to this project, particularly, the 
formation of so-called “circles” and/or “spots”, which are commonly found in a large 
proportion (i.e., 60%-95%) of the total production in black pearl farming. During Year 1, 
grafting and re-grafting experiments were conducted in July 2008. At the same time, 
preliminary experiments were concluded following a pearl harvest during the previous 
month. Bi-monthly monitoring of the Year 1 grafted oysters ended in June 2008 by 
harvesting the pearls.  
 
Data collection on the post-grafting survivorship and pearl success rates were completed. 
The results showed that there was no significant difference in the post-grafting survival 
rate over 10 months for all experimental treatments among the re-grafted oysters (for 
“circle-tests”) and newly grafted oysters (for “fibronectine [FNC]-tests”). All of the oysters 
overcame a period of post-grafting trauma during the first two months after treatment and 
became stabilized afterwards, maintaining high survival rates (between 95%-100%). 
Therefore, the initial two month period of post -grafting cultivation may be more important 
than the later periods of development in terms of the profitability of a farm business.  
 
At the same time as the Year 1 on-farm harvests in June, follow-up re-grafting experiments 
(for the “circle-test”) for Year 2 began at Pakin Atoll, and in July 2008, new grafting 
experiments for the “FNC-test” were conducted for Year 2 at Nett Point in Pohnpei. 
Another Year 2 experiment included a comparison of two post-grafting culture methods 
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(lantern nets vs. chaplets) during the initial two-month period. The results of the culture 
experiment indicated that the oysters that had been grafted with FNC-coated nuclei did not 
show a significant difference in post -grafting survivorship from the oysters that had been 
grafted with ordinary nuclei. These results, together with the results of FNC-tests from 
preliminary experiments, indicated that the FNC-coated nuclei had a much more favorable 
effect on pearl quality than on post-grafting survival rates.  
 
Pearl quality assessments for the Year 1 circle-test were completed in March 2009 on the 
pearls harvested in July and August 2008. Pearls harvested from the Year 2 experiments 
conducted in July 2008 are currently receiving pearl quality assessments. A full report for 
the Year 2 experiments will be given in a future extension (Year 3) accomplishment report.  
 
Sea Cucumber Hatchery Production Technology Transfer in Pohnpei, Federated 
States of Micronesia, Years 1 and 2 
The ultimate purpose of this project, which began in July 2008, is to address the “boom and 
bust” pattern of the current sea cucumber industry by introducing hatchery production of 
the organism, from spawning and larval rearing to grow-out. The goal of this project is to 
provide greater supplies of sea cucumbers on a regular basis through hatchery technology, 
affording the needed bio-mass for a sustainable industry. If the hatchery technology proves 
successful in achieving the production objectives, then additional activities relative to 
conservation and stock management programs may be developed in collaboration with 
different conservation groups, coastal communities, and in “marine protected area” 
programs. Collaborations with the Pohnpei State Government, local municipal 
governments and communities, and other Land Grant institutions in the Marshall Islands 
and College of Micronesia-FSM, such as in Yap State, will provide the framework for this 
sustainable industry in the future. While the ultimate goal is a sustainable sea cucumber 
industry, the immediate objective is to search for and secure broodstock of the sandfish, 
and rapidly transfer the necessary hatchery technology to Micronesian technicians.   
 
In Pohnpei State of the Federated States of Micronesia (FSM), the once-prosperous sea 
cucumber fishery has been chronically over-fished, to the level of extinction of almost all 
high-valued species, despite a State Government-imposed export ban in effect since 1995. 
Rebuilding the industry and enhancing commercially important sea cucumber resources is 
an urgent issue. Hatchery-based juvenile production could help to rehabilitate wild stocks 
of high-value sea cucumber species, such as the sandfish (Holothuria scabra) in the lagoon of 
Pohnpei. The ability to rebuild depleted sea cucumber populations through restocking 
would be a valuable tool for future management planning, which could be achieved by the 
development of cost-effective methods for mass production of juveniles. Hatchery 
production and release of cultured juveniles would help to increase the number of 



 
2009 Annual Accomplishment Report 
 

 
38     Center for Tropical and Subtropical Aquaculture 

potential spawners in the wild as well. In the past, Micronesian technicians lacked the 
opportunity to acquire the necessary hatchery skills and subsequent grow-out technologies. 
However, another CTSA funded project (Black-Pearl) has afforded hatchery training for 
Micronesians, who are now able to utilize and transfer the knowledge amongst their 
community. Currently, the College of Micronesia has a functional hatchery at Nett Point in 
Pohnpei being operated by Micronesians for production of the blacklip pearl oyster 
Pinctada margaritifera and the sandfish. The local hatchery technicians who attained the 
required skill-set during the pearl hatchery project adapted quickly for this project and 
aided in collecting broodstock, inducing spawning and rearing larvae during Year 1. 
 
Available hatchery manuals and other information were sufficient to conduct the 
broodstock conditioning and spawning runs, as the Micronesian technicians already 
possessed the necessary skill set to manage the hatchery operation. The Micronesian staff 
quickly adapted to the differences in broodstock handling, spawning preparations, 
sampling methods of larger larvae, feeding combination and amount, rearing water quality 
maintenance, settlement techniques and in-tank juvenile cultivation. The project structure 
allowed for the Micronesian technicians to become more self-reliant and confident in their 
hatchery skills, and maintain and modify their own work on-site. 
 
The existing pearl hatchery facility in Pohnpei was modified to accommodate broodstock 
and to conduct spawning-run and juvenile grow-out trials. We were able to find more than 
200 sandfish for our broodstock in the vicinity of the Nett Point hatchery, and a total of 431 
in the Pohnpei lagoon. So far, 19 spawning induction trials and nine larval rearing attempts 
have been conducted for hands-on skill training.  
 
In the project’s hatchery and surrounding mangrove shore environment, as well as newly 
developed holding tank system, the spawning induction work was possible nearly every 
full moon period. This was a great advantage for this project because spawning runs could 
be repeated until all hatchery personnel became confident in the sandfish hatchery skills, a 
process that took a couple of months from the first trial in November, 2008. As of this 
reporting date, all of the broodstock have been kept for more than nine months without 
mortality and approximately 1,000 6-month-old juveniles and more than 20,000 2-month-
old’s are being held in the raceway tank for grow-out. The juvenile grow-out work 
continues with technicians setting more raceway tanks for the future restocking program. 
Spawning induction methods will be modified to suit for the staff’s working conditions 
and will focus on mass culture of juveniles throughout Year 2 of the project.  The Year 1 
accomplishments became a basis for developing practical methods for the sandfish 
hatchery operation in Micronesia.  
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Adapting Aquaponics Systems for Use in the American Pacific Islands 
Local production of fish and produce is desired in the Pacific Islands.  Aquaponics systems 
produce two salable crops in a very compact space, minimizing water and land usage and 
eliminating effluent release into the environment.  These characteristics make aquaponics 
well suited for use in the Pacific Islands.  The best known system is expensive to construct 
and relies on mechanical and electrical components that are prone to breakage and require 
a maintenance staff.  One such system was attempted in Saipan and failed.  This project 
aimed to design a low cost, mechanically simple, lettuce and tilapia aquaponics system for 
use in the Pacific Islands. 
 
Earlier aquaponics work consisted of elegant statements of nutrient release by fish and 
nutrient uptake by plants, and a failure to execute chemical measurements.  Previous work 
may be called trial and error.  The project successfully utilized a biochemical approach in 
which nutrient needs of plants were determined by measuring nutrient content of 
hydroponics liquid through inductively coupled plasma absorbance emission 
spectroscopy.  During and at the end of the growth cycle, nutrient contents were also 
measured.  Thus, nutrients taken up by the plants were considered to be required.  Follow 
up experiments verified these defined nutrient needs and even predicted the kinetics of 
nutrient depletion.  In addition, lettuce nutrient needs allowed experiments to determine 
the feed input and stocking density of fish required to support lettuce plant growth.  These 
determinations were complex and form the basis of the contribution by this work. 
 
The physical output from this project starts with a modular aquaponics system designed 
around a lettuce plant tray made from a piece of plywood (1.2 X 2.4 m or 4 X 8 ft) with side 
boards.  Based on experiments conducted under this project, each tray is capable of 
producing 499 heads of lettuce and the supporting system produces 9.57 kg of tilapia per 
year (in 167 L of water).  Each lettuce tray can contain 48 lettuce plants, which are 
nourished by fish water with fish being fed about 39.5 g of trout feed per day, or 0.8 g 
feed/plant/day.  This requires 2.10 kg of tilapia or a stocking density of about 12.6 kg/m3.  
The fish tank needs to be aerated and shaded to prevent microalgal growth, and PVC 
ribbon biofilter should be used.  Potassium hydroxide flakes equal to 1/10th of the daily feed 
input by weight should be added daily to the top of the biofilter media to maintain neutral 
pH and provide potassium for plants.  The fish tank is ready once nitrate N levels approach 
50 mg/L.  Fish water was found to be deficient in iron, therefore 6.1 g of iron chelate should 
be added to the tray water when sprouts are stocked.  The lettuce tray should then be filled 
with water and stocked with two week old lettuce sprouts.  Each day, 20 L of fish water are 
transferred to the tray and the outflow water returned to the fish tank.  Lettuce can be 
harvested after five weeks and replaced by new sprouts. 
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An array of eight trays constructed for experiments served as a proof of concept 
demonstration for interested end users including students from American Samoa and 
Saipan.  A preliminary manual for simplified aquaponics was written and distributed to 
any interested parties.  Hands on extension to the Department of Hawaiian Homelands 
resulted in the construction of a demonstration system, and incorporation of the current 
aquaponics system into the architectural plans for a new 21 home subdivision.  Hawaii 
vegetable farmers also voiced interest in aquaponics, including Ho Farms for growing 
tomatoes and May’s Wonder Gardens for growing lettuce.  May’s Wonder Gardens is 
interested in growing fish to reduce their fertilizer costs, which they estimate at $62,000 
annually.  Project group members are currently working with the Hawaii State 
Agribusiness Development Corporation to set up a proof of concept system on site.  Fish 
feed would replace chemical fertilizer and for every $1 spent on feed, $3.5 would be 
recovered from fish sales based on Hawaii farm gate prices.  The economic impact of 
converting their entire 260,000 lettuce production system to aquaponics would be 
substantial. 
 
There is a growing local interest in aquaponics systems, but established systems require 
complex engineering and management.  The expenses associated with constructing and 
operating such systems may explain why no commercial aquaponics systems exist.  The 
simplified aquaponics system developed here gained public attention through display set 
up for the 2009 Hawaii state aquaculture week proclamation.  Interested parties were 
shown the array of eight trays used to construct experiments and provided with copies of a 
preliminary aquaponics manual.  Those from the Pacific included students from Saipan 
and American Samoa, and the director of the land grant program at the American Samoa 
Community College (ASCC).  The latter is interested in extending the system to families for 
local food production, and offered to house a demonstration system at ASCC. 
 
Interested parties from Hawaii included government organizations such as the Institute of 
Human Services and Department of Hawaiian Homelands.  Project group members 
assisted the Hawaiian Homelands staff in establishing a two tray demonstration system.  
The project group took weekly trips to teach the office staff how to manage the system.  
These office staff will eventually teach the home owners.  If the project is successful, the 21 
families living in these homes will have the capacity to produce 10,479 heads of lettuce and 
209 kg of tilapia per year.  Assuming reasonable Hawaii consumer prices of $2/head of 
hydroponically grown lettuce and $14.4/ kg ($7/lb) for tilapia, these families could save a 
total of $21,000 a year in food costs after accounting for production costs. 
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A Look Ahead 
 
 

Development 
The development of the Fiscal Year 2009 program began in March 2009 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 33 pre-proposals received in response to this call, CTSA 
requested that applicants submit nine full proposals. Of the nine requested, seven were 
received. These proposals will be forwarded to the Board of Directors for approval in 
January 2010 as the FY 2009 Plan of Work. 
 
 
 

Proposals 

1. Aquaculture of Opihi, Years 1 and 2  

2. Developing a value-added product “half-pearls” from the blacklip pearl oyster 
Pinctada margaritifera in Pohnpei (the Federated States of Micronesia) Years 1 and 2  

3. DNA-Based Identification and Selection of High-growth Tilapia in Hawaii  

4. Collection and Health Certification of Coralgrouper Broodstock in the Mariana 
Islands  

5. Adapting Aquaponics Systems for Use in the Pacific Islands, Years 1 and 2  

6. Development of Nutritionally Complete and Optimized Practical Diets for Growing 
the Rabbitfish (Siganus argenteus) on Guam  

7. Pacific Regional Aquaculture Information Service for Education (PRAISE) & 
Publications, Year 5   
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Review 
In August 2009, CTSA began its two-month review process. All full proposals were 
reviewed at the IAC-TC annual meeting, and then subjected to peer review by three or 
more experts in the project topic area. 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 21, 2010. CTSA 
staff will incorporate these proposals into the Fiscal Year 2009 Plan of Work and will 
submit this FY2009 Plan of Work to the U.S. Department of Agriculture National Institute 
of Food & Agriculture (NIFA) for final approval. 
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Progress Reports 
 
Individual accounts of the principal accomplishments of the active projects during 2009 are 
presented on the following pages. These reports detail each project’s funding, participants,  
objectives, progress, work planned, impacts, and publications. Additionally, reports from 
ongoing projects include anticipated benefits, and reports from terminated projects include 
recommended follow-up activities. Information and results from projects in previous years 
are given in the CTSA Annual Accomplishment Report for that correlating year. Annual 
reports are also available at the CTSA Web site at http://www.ctsa.org/ProjectAnnual.aspx. 
 
 
Shrimp Production Demonstration Project and Aquaculture Training for  
Industry Stakeholders of the Commonwealth of the Northern Mariana Islands  
and Guam , Years 1 and 2 ..…………………………………………………….…………  Page 45 

Bioprocessing Pacific Island Byproducts for the Production of Value-Added 
Feed Ingredients, Years 1 and 2 ………………………………………………….………  Page 57 

Development of Captive culture Technology for the Yellow Tang,  
Zebrasoma flavescens, Years 1 -3………..………………………………………….………  Page 67 

Culturing the Harlequin Shrimp (Hymenocera picta) for the Marine Aquarium Industry, 
Years 1 and 2…………………………………………………………………….….………  Page 79 

Kahala Parasites and Shrimp Viruses of Concern to Pacific Aquaculture ……..……  Page 89 

Improving Outputs of Commercial-Scale Production of Swordtails in Hawaii,  
Years 1 - 3 …………………………………………………………………………………… Page 95 

Inter-Institutional Coordination and Preparation of a Guam Aquaculture  
Development Plan ………………………………………………………………………... Page 105 

Developing Bivalve Culture to Diversify and Position Hawaii as a Supplier of Safe, 
Premium, Edible Shellfish Products, Years 1 and 2…………………………………….Page 109 

Establishment and Characterization of Cell Lines from Pacific Threadfin (Moi) for Use in 
Early Detection and Control of Pathogenic Viruses ………………………………..…. Page 119 

Improved Stocks and Management Practices for Commercial Tilapia Culture in Hawaii  
and the Pacific Region, Years 1 and 2 …………………………………………………..  Page 123 
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Improving Pearl Quality by Grafting Technologies and Husbandry Methods  
for Development of a Hatchery-Based Black Pearl Industry in Pohnpei, the  
Federated States of Micronesia, Years 1 – 3……..……………………………………… Page 145 

Development of DNA Markers for Pacific Threadfin Aquaculture, Years 1 and 2 …Page 163 

Sea Cucumber Hatchery Production Technology Transfer in Pohnpei,  
Federated States of Micronesia, Years 1 and 2 …………………..……………………...Page 177 

Intensified and Alternative Methods for Marine Copepod Production in Hawaii …Page 193 

Promoting Health Management of Shrimp Aquaculture on Guam and  
the Commonwealth of Northern Mariana Islands ……………………………………. Page 205 

Adapting Aquaponics Systems for Use in the American Pacific Islands ………….…Page 209 

Kahala Broodstock Management ………………………………………………………...Page 227 

Improving the Hatchery Output of the Hawaiian Pink Snapper (Pristipomoides filamentosus), 
……………………………………………………………...…………...……………………Page 235 

Determining Aquaculture Bottlenecks of Pacific Threadfin (Polydactylus sexfilis): Increasing 
Fry Survival, Growth, and Quality, Years 1 and 2  ………...…………………………. Page 243 

Pacific Regional Aquaculture Information Service for Education (PRAISE) and 
Publications, Years 1 - 4 …………..……………………………………………………… Page 251 
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Shrimp Production Demonstration Project 
and Aquaculture Training for Industry 
Stakeholders of the Commonwealth of the 
Northern Mariana Islands and Guam, 
Years 1 and 2  
 
 

General Information 
 
Reporting Period December 14, 2008 through September 30, 2009 (Year 2 Progress 

Report). 
 
Funding Level Year  Amount 

   1  $34,571 
   2  $34,530 
TOTAL  $69,101 

 
Participants Dustin Moss, Research Associate 

Shrimp Department, Oceanic Institute 
 

Shaun Moss, Ph.D., Director  
Shrimp Department, Oceanic Institute 

 
Clete Otoshi, Research Associate 
Shrimp Department, Oceanic Institute 

 
Brandon Lima, Research Technician 
Shrimp Department, Oceanic Institute 

 
Rommel Catalma, Operations Manager 
Saipan SyAqua (formerly Saipan Aquaculture)    
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Objectives 
1. Build a knowledge and technical base for shrimp aquaculture in the CNMI and 

Guam. 

Objective 1.1.  Improve efficiency of local shrimp production by educating industry 
stakeholders on current shrimp production methodologies.      

Objective 1.2.  Address technical constraints or issues/interests specific to the Guam 
shrimp farming industry. 

2. Stimulate interest and investment in shrimp aquaculture in the CNMI and Guam 
by demonstrating profitable and environmentally friendly shrimp production 
using existing SyAqua Saipan facilities and culture techniques developed by OI. 

Objective 2.1.  Shrimp production demonstration.      

Objective 2.2.  Publishing and distribution of a shrimp farming guide. 
 
 

Anticipated Benefits 
Building a knowledge and technical base for shrimp aquaculture in the CNMI and Guam 
and addressing current technical constraints, will lead to improved farming practices and, 
hopefully, improved efficiency and profitability as well.  Demonstrating profitable and 
environmentally friendly shrimp production, while addressing a major industry 
impediment (energy cost), will stimulate interest and investment in shrimp aquaculture in 
the CNMI and Guam. 
 
 

Work Progress and Principle Accomplishments 
Objective 1.1: Improve efficiency of local shrimp production by educating industry 
stakeholders on current shrimp production methodologies.  
Completed in Year 1.  An aquaculture workshop covering various topics relevant to Guam 
and the CNMI was conducted.  The workshop was well received, with over 80 attendees 
including local farmers, business leaders, government representatives, and media.  
Compact discs containing presentations (with accompanying audio files) were distributed 
to attendees.            
 
Objective 1.2: Address technical constraints or issues/interests specific to the Guam 
shrimp farming industry.   
Completed in Years 1 and 2.  During Trips one, two (Year 1), and four (Year 2) OI scientists 
visited the GADTC and (1) provided training on shrimp AI techniques to GADTC staff, (2) 
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discussed broodstock feeding, water quality management, and broodstock sourcing 
protocols with GADTC staff, and (3) gave presentations on regional opportunities in 
shrimp aquaculture, the effects of inbreeding on hatchery and growout performance of 
shrimp, and super-intensive shrimp aquaculture to industry stakeholders and University of 
Guam students and faculty.  All training and presentation topics were chosen by Drs. John 
Brown and Hui Gong of GADTC.                          
 
Objective 2.1: Shrimp production demonstration.   
A shrimp growout trial was conducted at SyAqua Saipan.  The goals for this trial were to 
(1) demonstrate intensive shrimp culture under local conditions and (2) to evaluate an 
alternative oxygen delivery system in an effort to reduce electrical usage per kg of shrimp 
produced.  Electrical costs in the CNMI account for a large portion of production costs 
(~40%), and this is a major impediment to industry development/expansion.  This 
alternative oxygen delivery system is similar to that used at OI for super-intensive shrimp 
culture and, if successful at SyAqua Saipan, could be used at any intensive farm in the 
region.  Basically, the alternative method uses an oxygen concentrator to inject oxygen 
(92%) into the air intake of a cyclonic diffuser (normal method of aeration at SyAqua 
Saipan).  Under normal operation, cyclonic diffusers “suck” atmospheric air into the air 
intake.  Oxygen concentrators are easily maintained and don’t use large amounts of 
electricity, so they may be very useful to intensive farms where high levels of aeration are 
needed.  
 
OI scientists, Clete Otoshi and Brandon Lima, traveled to SyAqua Saipan in January 2009 to 
deliver oxygen concentrator equipment and setup the oxygen delivery system.  The shrimp 
used for this trial were obtained from SyAqua Siam (a partner of SyAqua Saipan) as 10-day 
postlarvae (PL).  A total of 300,000 postlarvae were split equally into ten 
quarantine/acclimation tanks and held for six days.  After quarantine and acclimation, 
shrimp were stocked in two 220 m2 concrete tanks (N7 and N8).  N7 served as a control 
tank (normal management) and N8 was the experimental tank where oxygen (~92%) was 
injected when dissolved oxygen (DO) concentration dropped below a suboptimal level.   
 
Survival of the PL in quarantine/acclimation tanks was poor and there were not enough 
shrimp to stock both tanks at the desired stocking density (~350 shrimp/m2).  N8 was 
initially stocked with 78,000 shrimp (355 shrimp/m2), but N7 was stocked with only 50,000 
shrimp (227 shrimp/m2).  Farm manager, Rommel (Mel) Catalma recommended that after 
two months the densities of the two tanks could be equalized once an accurate estimate of 
standing crop could be made for each tank (based on feed consumption).  After 60 days, 
approximately 14,000 shrimp were transferred from N8 to N7 in attempt to equalize 
densities (estimated 64,000 shrimp/tank or 291 shrimp/m2). 
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Existing SyAqua Saipan paddlewheels, cyclonic diffusers, and water distribution 
infrastructure was used.  OI supplied four Sequal Workhorse 23 oxygen concentrator units 
to supply the oxygen required for the trial.  These units were installed in a structure near 
N7 and N8.  A manifold and a 1/2” PVC line were installed to distribute the oxygen from 
the oxygen concentrators to the cyclonic diffuser in N8.  Additional aerators in N7 and N8 
and oxygen concentrators (N8 only) were to be added when dissolved oxygen 
concentrations reached designated levels.   
 
Mel Catalma was responsible for on-site trial management and Clete Otoshi was 
responsible for technical oversight and data collection/analysis.  Constant communication 
between SyAqua Saipan and OI was agreed upon so that the trial could be conducted in a 
manner that was satisfactory to OI while taking into consideration SyAqua Saipan’s 
commercial commitments.  Water quality data was to be emailed to OI on a weekly basis 
for review.  Electrical usage was to be logged and any developments relevant to the trial 
were to be communicated to OI in a timely manner.  Despite the agreed upon terms of 
communication and data sharing, communication from SyAqua Saipan was minimal.  Only 
four water quality data sets (weekly reports were agreed upon) were provided over the 
five month trial.   
 
From day-28 to day-70, high concentrations of ammonia-N were observed in both N7 and 
N8 (Appendices 1 and 2).  Significant shrimp mortality was also observed, particularly 
during the periods of high nitrite-N in N8.  OI made several attempts to contact SyAqua 
Saipan to discuss the possible cause(s) of the poor water quality and possible remedies; 
however, SyAqua Saipan failed to respond.  During week nine, total ammonia-N reached a 
high of 80 mg/L in N7 and 53 mg/L in N8.  The corresponding level of unionized ammonia 
(at a pH of 8.0, temperature of 29 C, and salinity of 17 ppt) was 5.0 mg/L for N7 and 3.3 
mg/L for N8.  A published 96-hour, unionized ammonia LC50 for juvenile P. vannamei at 15 
ppt is 1.2 mg/L.  This demonstrates the extreme ammonia concentrations that were reached 
during this trial.  Nitrite-N was also very high from day-70 until the end of the trial for 
both tanks.  N8 experienced high mortalities from day-82 to day-110 and the effect of 
elevated nitrite-N on shrimp performance (growth and survival) was likely exacerbated by 
the relatively low dissolved oxygen (DO) experienced during this period (Appendix 3).  See 
Appendix 3 for N7 and N8 DO trends and specifies on when additional aeration and 
oxygenation was added.  Overall shrimp growth rate for N7 and N8 was 1.07 and 1.25 
g/week, respectively.  Growth may have declined in response to high ammonia-N that was 
experienced from day-28 to day-70.  Growth rate fluctuated significantly for the remainder 
of the trial and this was likely caused by sampling error and/or changes in water quality 
(Appendix 4). 
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On day-69, 15,000 shrimp were harvested from N7 (only 9 days after 14,000 shrimp were 
moved from N8 to N7 to equalize tank densities).  The remainder of the shrimp were 
harvested (35,161) between day-99 and day-114. Survival was 72% (excluding the 15,000 
harvested on day-69) and average shrimp weight at harvest was ~13 grams.  N8 was 
partially harvested during two periods: day-110 to day-114 and day-126 to day-142.  A total 
of 14,296 shrimp were harvested and it was estimated that 1,000 kg of shrimp remained in 
the tank as of day-144. 
 
A primary goal of this trial was to evaluate an alternative oxygen delivery system that 
could be used to increase shrimp production at SyAqya Saipan or other similar farms.  
Demonstration of the effectiveness of this system was dependent on the trial being 
conducted in a rigorous manner so that clear conclusions could be derived.  Numerous 
problems occurred that compromised the experiment to the extent that meaningful 
conclusions were not possible.  At stocking, poor PL survival during quarantine and 
inadquate estimation of numbers during stocking resulted in an unclear estimation of 
stocking density in the two tanks.  Tank densities were not equalized until two months into 
the trial and the estimation of the standing crop was made indirectly based on feed 
consumption, which is far less accurate than direct estimation.  After day-28, severe spikes 
in ammonia and nitrite concentration resulted in shrimp mortality and sublethal effects on 
growth.  This further compromised the ability to make comparisons of growth and survival 
between tanks.  Numerous attempts were made by OI to obtain information, data, and 
answers to questions on management issues; however SyAqua Saipan failed to respond.  
Furthermore, SyAqua Saipan began harvesting N7 on day-69 without notifying OI.  The 
day-69 harvest was completed for sales and did not result from a need to reduce biomass 
due to low DO (as was agreed upon in the trial plan).  The reduced biomass in N7 resulted 
in increased DO and further confounded the abilitiy to make meaningful comparisions 
between the tanks (and to evaluate the oxygen delivery system).  
 
Ultimately, inadequate management and communication by SyAqua Saipan resulted in a 
trial that produced unusable data.  However, this trial did afford the opportunity for 
SyAqua Saipan to test the oxygen concentrator equiment and see first -hand the simplicity 
of the unit and its immediate impact on DO.  They have since purchased an oxygen 
concentrator and they have been able to increase stocking densities while maintaining 
satisfactory DO.  This should lead to increased production. 
 
Objective 2.2: Publishing and distribution of shrimp farming manual.   
Relevant information on permitting and regulation of shrimp farms was collected from the 
CMNI Departments of Finance, Lands and Natural Resources, and Environmental Quality 
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during Trips 2 (Objective 1.1) and 4 (Objective 2.1).  This information will be included in a 
shrimp farming guide.  The guide will be distributed by CREES staff in the CNMI.  Basic 
shrimp farming practices were to be included in the shrimp farming guide.  However, it 
was decided that there is too much information to be summarized in a short farming guide.  
Instead, OI’s Intensive Shrimp Production Manual will be distributed to regional extension 
agents, relevant university/college staff involved in aquaculture, and current farmers.  This 
manual should serve as an important reference document for aquaculture scientists and 
farmers in the region. 
 
 

Work Planned 
During the remainder of Year 2, (1) the shrimp farming manual will be prepared and 
distributed, (2) OI’s Intensive Shrimp Production Manual will be distributed, and (3) a final 
report to CTSA will be prepared. 
 
 

Impacts 
The aquaculture workshop held in Year 1 (Objective 1.1) had over 80 attendees including 
local farmers, business leaders, government representatives, and interested people from the 
general public.  After the workshop, NMC-CREES reported that several residents/local 
companies were interested in starting aquaculture farms.  However, the most positive 
impact of the workshop to date is the establishment of the first shrimp farm on the Tinian 
(CNMI island south of Saipan).  Melvin Crisostomo (a workshop attendee) contacted 
NMC-CREES shortly after the workshop about starting a family-run shrimp farm. With the 
help of NMC-CREES, the newly established farm stocked its first juvenile shrimp in late 
2008.  Importantly, the farm is currently still in operation.   
 
During Trips 1, 2, and 4 (Objective 1.2 – Years 1 and 2) OI scientists visited the GADTC and 
(1) provided training on shrimp artificial insemination (AI) techniques to GADTC staff, (2) 
discussed broodstock feeding, water quality management, and broodstock sourcing 
protocols with GADTC staff, and (3) gave presentations on regional opportunities in 
shrimp aquaculture, the effects of inbreeding on hatchery and growout performance of 
shrimp, and super-intensive shrimp aquaculture to industry stakeholders and University of 
Guam students and faculty.  All training and presentation topics were chosen by Drs. John 
Brown and Hui Gong of GADTC with the aim of improving shrimp reproduction/culture 
at GADTC and/or educating local stakeholders.  As mentioned above, GADTC is the sole 
supplier of shrimp seedstock to most shrimp farms in the region.  Unfortunately, 
limitations and inefficiencies at GADTC often result in seedstock shortages.  Thus, any 
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improvements in GADTC operations should have a positive benefit on the regional shrimp 
farming industry.  
 
Inadequate management and communication by SyAqua Saipan during the production 
trial resulted in the inability to properly evaluate the alternative oxygen delivery system.  
However, this trial did afford the opportunity for SyAqua Saipan to test the oxygen 
concentrator equiment and see first-hand the simplicity of the unit and its immediate 
impact on DO.  They have since purchased an oxygen concentrator and they have been 
able to increase stocking densities while maintaining satisfactory DO.  This should lead to 
increased production. 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
None to report. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



2009 Annual Accomplishment Report 
 

 

 
52    Center for Tropical and Subtropical Aquaculture 

 
Appendix 1.  Total ammonia-N, nitrite-N (mg/L), and shrimp mortalities for tank N7. 
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Appendix 2.  Total ammonia-N, nitrite-N (mg/L), and shrimp mortalities for tank N8. 
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Appendix 3.  Dissolved oxygen trends for tanks N7 and N8 and specifies on when 
additional aeration and oxygenation was added. 
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Appendix 4.  Shrimp growth (g) and growth rate (g/week) in N7 and N8 throughout the 
trial. 
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Bioprocessing Pacific Island By-Products for 
Production of Value Added Feed Ingredients, 
Years 1 and 2 
 

 

General Information 
 
Project Period   April 1, 2006 through September 30, 2009; 1st no-cost extension March 

21, 2008 to December 31, 2008; 2nd no-cost extension to June 30, 2009; 3rd 
no-cost extension to September 30, 2009 (Project Termination Report).   

 
Funding Level Year  Amount     

   1  $75,000 
   2  $75,000 
TOTAL  $150,000     

 
Participants P.Y. Yang, Ph.D., Professor and Graduate Chair for Bioengineering 

University of Hawaii at Manoa 
 

W. G. Dominy, Ph.D., Director  
Aquatic Feeds Department, Oceanic Institute 

 
Eulsaeng Cho, Assistant Researcher  
University of Hawaii at Manoa 

 
 
 

Objectives 
1. Development of controlled bio-engineering process at lab scale for the 

biotransformation of island agricultural fruit processing waste into useful value 
added product. 

2. Evaluate the effects of PPW processed product as a feed ingredient on growth and 
survival of shrimp.  

3. Cost-effectiveness of processed product in the use of aquatic feed ingredient.   
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Principal Accomplishments 
Objective 1: Development of controlled bio-engineering process at lab scale for the 
biotransformation of island agricultural fruit processing waste into useful value added 
product. 
The results generated from a controlled laboratory scale 14-L bioreactor, determined a set 
of operational procedures for batch, and semi-continuous/continuous flow for processing 
PPW (Papaya processing wastes) was developed (Kang, 2007).  The PPW yeast product 
generated from these procedures were subjected to nutrient analysis, a small scale 
preliminary shrimp feeding trial, and economic analysis (Kang, 2007).  The nutrient 
analysis of the laboratory bioprocessed PPW yeast contains about 40 – 50% crude protein 
with other various nutrients.  A small scale preliminary shrimp feeding trial demonstrated 
that the bioprocessed PPW yeast product has a favorable potential as an aquafeed 
supplement that was able to replace protein ingredients imported in animal feeds that is 
shipped into island communities. For the economic evaluation, the PPW yeast product 
showed that the amount of PPW to be processed and annual cost are the most influential 
factors to reduce the production cost (Kang, 2007).  Successful development of the 
bioprocess system could be a mutually beneficial solution for the aquaculture production 
and fruit process industries in Hawaii and other island communities 
 
Objective 2: Evaluate the effects of PPW processed product as a feed ingredient on 
growth and survival of shrimp.  
In order to evaluate the PPW yeast as a feed ingredient, the process had to be scaled up 
from a laboratory bioreactor process of 14L to a pilot scale 500L bioreactor for the 
production of sufficient quantities of a Papaya processing waste (PPW) yeast protein for a 
large scale shrimp feeding trial.  The PPW yeast product produced by the 500L bioreactor 
resulted in a slightly less protein content in comparison to the protein content in PPW 
product from the 14L laboratory scale bioreactor.  In order to increase yeast production 
yields in the 500L bioreactor the oxygen transfer system was enhanced and circulation of 
oxygen was increased through an Iwaki mag-drive pump. Yeast production was also 
increased by an increase in temperature from ~ 25ºC to 36ºC with the installation of three 
titanium heaters (800 watts).  After running 15 batches there were sufficient quantities of 
PPW yeast protein collected and dried for a large scale shrimp feeding trial. Five test diets 
were formulated to include 0%, 25%, 50%, 75% and 100% of the island grown PPW yeast as 
a replacement for an imported protein ingredient mixture.  The feeding trial was conducted 
at OI in a zero exchange system with 20 fiberglass tanks (1500 liters) stocking with100 
shrimp/tank. The Pacific white shrimp (Litopenaeus vannamei) were fed to each diet with 
four replicate tanks per dietary treatment.   The eight week shrimp feeding trial showed 
that there were no significant (P>0.05) differences in survival and FCR among dietary 
treatment. However, the substitution of 75% and 100% of the imported protein mixture in 
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the diets with the PPW yeast decreased the weight gain of shrimp significantly (P<0.05) 
after eight weeks of feeding.  These results demonstrates that up to a 50% replacement level 
of a PPW yeast ingredient can be substituted for imported protein ingredient mixture 
without adverse effect on growth of the  shrimp under current conditions. 

Objective 3: Cost-effectiveness of processed product in the use of aquatic feed 
ingredient.   
For the small scale 14L laboratory bioreactor runs, economic evaluation was completed, the 
PPW yeast product showed that the amount of PPW to be processed and annual cost are 
the most influential factors to reduce the production cost (Kang, 2007).  Successful 
development of the bioprocess system could be a mutually beneficial solution for the 
aquaculture production and fruit process industries in Hawaii and other island 
communities.  Large scale 500L bioreactor runs of PPW yeast for the large scale shrimp 
feeding trials were not optimal due to the lack of commercial scale equipment for yeast 
collection and drying, therefore economic analysis were not done on this 500L process. 
 
 
 

Impacts 
The current results demonstrate that the PPW yeast can replace 50% of the imported 
protein ingredients used in a Pacific white shrimp (Litopenaeus vannamei) formulated feed, 
as demonstrated in this study.  This study suggests that the PPW yeast can be a good 
alternate protein sources that is sustainable locally in Hawaii through an efficient 
bioreactor system that converts papaya waste as an alternative protein PPW yeast source 
for aquatic feed.  
 
 
 

Recommended Follow-Up Activities 

The pilot scale 500L bioreactor for the production of sufficient quantities of a Papaya 
Processing Waste (PPW) yeast protein for a large scale shrimp feeding trial, needed proper 
large scale harvesting and drying  equipment to determine the cost actual of production of 
the PPW yeast. 
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Hsu-Ya Kang, P.Y. Yang, W. G. Dominy, C.S. Lee. Bioprocessing Fruit Processing Wastes 
for Potential Aquaculture Feed Supplement – Economic and Nutrient Analysis with 
Shrimp Feeding Trial. (in preparation) 
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Appendix 1 

Objective 1: 14 L laboratory bioreactor   

Papaya processing wastes were investigated for yeast growth in laboratory scale to determine the 
appropriate pretreatment methods, nutrient requirements and kinetic constants for optimal 
production in batch operation. Preliminary scaled-up batch operation and continuous/semi-
continuous flow operations were also investigated. The bioprocessed product was tested as the 
potential ingredient in shrimp feed at Oceanic Institute (OI), Waimanalo, Hawaii. 

1.1 Composition of papaya processing waste 

Papaya processing waste (PPW) collected from Super Food Inc. (Honolulu, HI) was kept in a 
freezer for future use (Figure 1). The composition of raw papaya and blended papaya waste slurries 
excluded seeds (30±5% of total weight) are shown in Table 2 and Table 3, respectively. 

  

Figure 1 Raw papaya processing waste 
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Table 2 Composition of raw papaya  

Nutrient*  (g/100g) Minerals (mg/100g) 

Water 88.83 Calcium 24 

Protein 0.61 Iron 0.1 

Total lipid 0.14 Magnesium 10 

Ash 0.61 Phosphorus 5 

Carbohydrate 9.81 Potassium 257 

Fiber 1.8 Sodium 3 

Sugars 5.9 Zinc 0.07 

  Copper 0.016 

  Manganese 0.011 

  Selenium 0.006 

* Exclude seeds and skin (about 33% of total waste) 
Source: National nutrient database for standard reference (USDA 2007) 

 

 

Table 3 Composition of papaya processing waste  
(in the form of blended slurry, exclude seeds --30±5% of total weight) 
(unit: mg/l) mean SD 
PH 6.0 0.3 
TS (total solids) 50,299 12,237 
SS (suspended solids) 20,649 7,379 
TCOD (total chemical oxygen demand) 126,288 6,945 
SCOD (soluble chemical oxygen demand) 92,088 11,454 
TN (total nitrogen) 1,620 241 
STN (soluble total nitrogen) 358 166 
NH3-N (soluble ammonia nitrogen) 145 21 
TCOD/TN 85  
SCOD/STN 257  
SCOD/TCOD 0.73  

 
 

1.2 Pretreatment methods of papaya processing waste 
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Several pretreatment methods of PPW were investigated for the performance of yeast growth. 
These included anaerobic liquefaction, blending method, and nutrient requirement. 

1.2.1 Anaerobic liquefaction of PPW for yeast growth  

Liquefaction pretreatments of PPW were carried out anaerobically at 30°C to determine the 
required reaction time for TCOD ( total chemical oxygen demand) to be released into soluble form 
for further utilization by yeast. Chopped PPW with an average size of 10cm3 and blended PPW 
with an average size less than 0.5 cm3 were used as liquefaction medium. The liquefaction seed was 
obtained from former anaerobic digestion liquor of papaya wastes at 30ºC. The ratio of PPW to 
water to liquefaction seed was 1:1:0.1. After liquefaction, the filtered liquor and the mixed slurry 
were separately used as substrate for yeast growth.  

1.2.2 Blending pretreatment of PPW for yeast growth  

PPW was blended with tap water to an average solid size less than 0.5 cm3. The blended PPW 
slurry was then centrifuged to obtain clear liquid using continuous flow centrifuge (CEPA Model 
LE, Germany) (Figure 2) by continuous feeding at 30 l/hr with motor speed at 1800 rpm and 
cylinder speed at 16,000 rpm. The PPW centrifuged juice and mixed slurry were separately used for 
yeast growth.  

 

Figure 2 Continuous flow centrifuge (CEPA Model LE, Germany) 

1.2.3 Nutrient requirements for yeast growth  

Ammonium sulfate and potassium phosphate were used as nutrient source to investigate the effect 
on yeast growth. Ammonium sulfate and potassium phosphate were added at a ratio of SCOD: N: 
P = 100: 5: 1 in the growth medium at the beginning of fermentation. The centrifuged PPW juice 
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obtained from blending method with initial SCOD ranged from 5000 to 6000 mg/l was used as 
substrate for the investigation.  

1.3 Equipment set-up and operation 

The liquefaction of PPW was carried out anaerobically at a ratio of PPW to water to seed 1:1:0.1 at 
5-L working volume under 30°C. After one day of the reaction, the filtered liquefied liquor and the 
mixed liquefied slurry were separately inoculated with 2% baking yeast (S. cerevisiae) (Red Star, 
USA) and aerated at room temperature (22±2°C) at 2-L working volume in a 10-L reactor. The 
experiments of pretreatment methods of blending PPW for yeast growth were carried out at 2 to 4L 
of working volume in a 10-L reactor using air diffusers for aeration. 

The batch operations were performed in a 14-L fermentor (New Brunswick Scientific Company, NJ) 
with working volume ranged from 4 to 8 L. The substrate of PPW was treated with HTST (high 
temperature short time) pasteurization at 72ºC for at least 15 seconds (Houska et al. 2006). The 
growth medium was inoculated with 2% (w/v, g of yeast/100ml of growth medium) of baking yeast 
(S. cerevisiae, Red Star) stirred at 200 rpm under room temperature (22±2ºC). Ammonium sulfate 
and potassium phosphate were used as nitrogen and phosphate source at a ratio of SCOD: N: P = 
100: 5: 1, unless indicated otherwise. Initial substrate concentrations ranged from 5,000 to 30,000 
mg/l and air flow rates ranged from 2 to 12 v/v/m were carried out to investigate the effects of 
substrate concentration and air supply on cell growth. The scaled-up batch operations were carried 
out with 100-L working volume in a 165-L container provided with air diffusers under room 
temperature (22±4ºC). 

 

Figure 3 Lab-scale fermentation equipment setup 

 

The continuous and semi-continuous flow operations were carried out in the 14-L fermentor with 
working volume ranged from 3 to 8-L, aerated at 7.5 v/v/m and stirred at 200 rpm under room 
temperature (22±2ºC). Blended PPW slurry with SCOD ranged from 12,000 to 18,000 mg/l were 
used as substrate. Hydraulic retention time (HRT) ranged from 4 to 12h were investigated in the 
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continuous flow operation and 2.74 to 8.2h HRT were investigated in the semi-continuous flow 
operation. The lab scale equipment set-up is shown in Figure 3. 

1.3 Analytical methods 

The performance of cell growth was examined by pH and ORP (Oakton 510 meter), dissolved 
oxygen (DO) (YSI model 85 meter, YSI, USA), suspended solids (SS), soluble chemical oxygen 
demand (SCOD), soluble total nitrogen (STN), soluble ammonia-nitrogen, soluble phosphate and 
protein content. SS and SCOD were determined according to Standard Methods (APHA 1998). 
Total nitrogen, ammonia nitrogen, nitrate nitrogen, and phosphate were determined by persulfate 
digestion method, Nessler method, cadmium reduction method, and ascorbic acid method using 
the reagents provided from Hach Company (USA), respectively. Protein content was determined 
by Biuret method (Ramanathan 1968) or by the conversion of solid nitrogen multiplied a factor of 
6.25. A mass balance of STN converted into cell protein was calculated by the amount of decrease in 
mixed liquor STN multiplied a factor of 6.25. The estimated protein content in increased SS was 
expressed as 6.25*?STN/?SS. 

1.4 Determination of kinetic parameters 

Kinetic parameters were determined according to Aiba et al. (1973) with modification. Volumetric 
rate of substrate consumption was determined from a plot of SCOD (mg/l) versus reaction time (h). 
Suspended solids mass productivity (g/l/h by dry weight) was determined from a plot of dry solids 
(g/l) versus reaction time. Yield (Y) of suspended solids was determined from dSS/dSCOD. Specific 
growth rate of suspended solids was determined from the relationship of dX/dt = f (X, S), and ? ?t = 
ln(X/X0), where X = mass of suspended solids per unit volume (mg/L), S = concentration of growth-
limiting substrate in SCOD (mg/l). Dependency of specific suspended solids growth rate on limiting 
substrate concentration was determined from the relationship ?  = ? max (S/(Ks +S)), where ? max = 
maximum suspended solids growth rate when the substrate is unlimited, Ks= substrate 
concentration in SCOD (mg/l) at which the specific growth rate is one-half of the maximum value. 
The yield of suspended solids (SS) growth to SCOD removal (YSS/SCOD) was determined from 
?SS/?SCOD. The yield of STN removal to SCOD removal (YSTN/SCOD) was determined from 
?STN/?SCOD. The estimated yield of protein formation (YSTN*6.25/SCOD) was calculated by assuming 
the conversion of STN into cell protein and multiplied Y STN/SCOD by a factor of 6.25. The estimated 
yield of SS formation was calculated by assuming 40% of protein content in product solids and 
divided Y STN*6.25/SCOD by a factor of 0.4. 

1.5 Nutrient evaluation of bioprocessed product as potential shrimp feed 

Samples of mixed liquor and dried solids of the bioprocessed products from batch operation on 
blended PPW slurry with an initial SCOD of 15,000 mg/l were analyzed by the Agricultural 
Diagnostic Service Center (ADSC), University of Hawaii at Manoa, to determine the potential as 
feed ingredients. The samples of bioprocessed products from batch, preliminary scaled-up batch 
and continuous-flow operations were stored in a -80°C freezer and then freeze-dried for nutrient 
analysis by Oceanic Institute (OI), Waimanalo, Hawaii. 
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1.6 Shrimp feeding trial for the bioprocessed PPW product 

The small scale shrimp feeding trial was started in May, 2007 for 8 weeks at Oceanic Institute (OI, 
Waimanalo, HI, USA) to ascertain the protein replacement effects of varying inclusion levels of 
bioprocessed PPW product on the growth of L. vannamei juveniles. The PPW diets were controlled 
at 35% crude protein formulated according to Akiyama, Dominy, & Lawrence (1992). Three test 
diets were formulated with 0%, 50% and 100% replacement of bioprocessed PPW product. The 
freeze-dried bioprocessed PPW product from scaled-up batch operation was pulverized using 
Jacobson pulverizer (serial no. 47077, Model 16H, MI), mixed with formulated nutrient in a Hobart 
mixer (Model A120, OH) and then made for PPW diet pellet using pellet mill (Serial no. 384324, 
Series CL, California laboratory pellet mill, CA).  

An initial 12 -1 gram shrimp was stocked in each rectangular glass aquaria with four aquaria per 
treatment. The growth trial was conducted at an indoor controlled-environment laboratory at OI. 
The shrimp were counted and weighed at two-week intervals (weeks 0, 2, 4, 6, and 8). The FCR is 
calculated by the weight of feed fed divided by the biomass gain of shrimp over the trail. The 
results of PPW diets were compared with commercial shrimp feed 35/2.5 (purchased from Land 
O’Lake, Kapolei, HI). 
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Development of Captive Culture 
Technology for the Yellow Tang,  
Years 1 - 3 
 
 

General Information 
 
Reporting Period  January 1, 2008 to September 30, 2009 (Year 1 Final Report, Year 2 

Progress Report). 
 
Funding Level Year  Amount 

   1  $92,500 
   2  $100,000 
   3  $100,000 (pending approval)  

   TOTAL  $292,500 
 
Participants  Charles Laidley, Ph.D., Director 

Finfish Department, Oceanic Institute 
 

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

 
Ken Liu, M.S., Research Associate 
Finfish Department, Oceanic Institute 

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

 
 

Objectives 
Year 1  

1. Establish appropriate holding system/conditions for maintaining spawning stocks of 
yellow tang.  
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2. Develop appropriate diet to maintain broodstock condition and produce high 
quality eggs.  

3. Establish early larval rearing system to maximize larval hatch and early (pre-
feeding) survival.  

 
Year 2 

1. Identify suitable first feed for yellow tang larvae.  

2. Scale-up culture of identified first feed to level required for conducting replicated 
larviculture trials.  

3. Develop larviculture feeding regimen suitable for rearing yellow tang larvae 
through metamorphosis.  

 
Year 3 

1. Develop suitable methods to transition yellow tang into juvenile settlement phase.  

2. Establish suitable feeds and holding system to ensure juvenile quality suitable for 
marine ornamental wholesale market.  

3. Transfer technology to industry through workshops, conference presentations, and 
publication in CTSA Regional Notes.  

 

 

Anticipated Benefits 
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, they will 
also provide new economic opportunities associated with the nearly billion dollar 
worldwide trade in marine ornamental species. Clearly the yellow tang has proven to be a 
very difficult species to culture and will require significant progress to overcome current 
bottlenecks to captive culture. However, OI researchers have made significant progress in 
all three areas and are well positioned to address apparent challenges in (1) securing a 
year-round supply of viable eggs, (2) identifying an appropriate first feed, and (3) scaling 
up egg production, live feeds culture and hatchery production methodologies. The 
establishment of the proposed captive production technologies will lead to the immediate 
emergence/expansion of a new commercial marine ornamental industry in Hawaii 
producing yellow tang and provide a reasonable alternative to current wild collection 
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practices, helping to reduce pressures on wild stocks and allowing us to preserve our 
invaluable coral reef ecosystem.   
 
 

Work Progress and Principle Accomplishments 
Year 2 project activities (in progress) are focusing on a continuation of broodstock trials 
examining the effects of diet and water source on reproductive performance of yellow tang 
broodstock along with efforts to optimize the early larval rearing environment, describe 
early larval development and identify a suitable first feed for the very small mouthed 
larvae. 
 
Year 1 

Objective 1: Establish appropriate holding system/conditions for maintaining spawning 
stocks of yellow tang. 
Under year one activities we established working broodstock populations including a stock 
of approximately 60 recruits in a larger (25m3) stock tank another 96 fish allocated into 
twelve 5m3 experimental tanks (8 fish/tank) for use in continuing examination of diet and 
water source effects on reproductive performance and egg quality issues.   
 
With the completion of broodstock holding systems in January 2009, we stocked the 
experimental trials for the water treatment/diet trials and kept the remaining 33 broodstock 
in a single 25m3 outdoor fiberglass holding tank. Broodstock in the larger 25m3 tank 
continued to spawn well, generating mean tank spawns of around 40,000 eggs in recent 
months with viability rates (i.e., usable eggs) of 25 to 41%, which despite being low, is 
much improved, allowing us to begin developing larviculture procedures (Figure 1).  
 
The water treatment/source trial initiated in year one continued into the second project 
year with  two males and six females allocated into each of the twelve 5,000L fiberglass 
broodstock holding tanks. Four “control” tanks were maintained in outdoor tanks covered 
by 95% shade cloth and supplied with untreated OI/SLP water. The degassed and RAS 
treatment groups were maintained in similar 5,000L tanks (n=4 per treatment) maintained 
under translucent roofing and supplemented with on 175w compact fluorescent light 
(12hr/day) and one 400w metal halide lamp (5hr/day). All tanks were provided with three 
to four daily feedings per day of our control diet composed of alternate feedings of a 
variety of commercial marine ornamental diets (Spectrum from New Life; Formula 2 
pellets, Formula 1 flakes, and Spirulina Flakes from Ocean Nutrition) supplemented with 
food grade Nori seaweed attached to the sides of the tanks. The degassed treatment group 
received water following degassing and pressurized glass filtration  while the RAS 
treatment group received water that was 99% recycled (1% new water/day) using fluidized 
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Yellow Tang (Large Group) Total Monthly Egg Production
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sand biofiltration, protein skimming, bag filtration (5 and 1µm), and UV sterilization with 
temperature control via a 1.5hp heat pump system. Water temperatures were maintained at 
26 to 27ºC year-round. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Egg output from 33 yellow tang broodstock maintained in an 
outdoor 25m3 round fiberglass tank. 

 

Stocks in all treatment groups initiated spawning activity relatively quickly (Figure 2) with 
relatively even egg output throughout the project period in all treatment groups. The RAS 
treatment group has tended to have slightly higher egg output than the other groups with 
a notable peak in August. However, spawn sizes remain small (generally less than 1,000 
eggs/spawn) which is approximately 20% the egg output per female of the stocks 
maintained in the larger broodstock tank. However, earlier work in the smaller tanks 
demonstrated much higher reproductive output suggesting that low egg production to 
date may be associated with early stages of maturational development of the newly 
collected stocks. Again egg quality remains low in all treatment groups.  Efforts to secure a 
source of ocean water for use in the RAS system have taken longer than expected, but we 
have recently been able to purchase a water transport trailer and should be able to change 
the water in the RAS system starting in November. Earlier work with flame angelfish 
showed a remarkable improvement in broodstock health, reproductive output, and egg 
quality with the change from well to ocean water and thus we look forward to evaluating 
the effects of water source on our yellow tang stock over the following months. 
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Figure 2.  Effects of broodstock 
water source on reproductive 
performance of yellow tang 
broodstock. Holding system being 
compared include stocks held 
under untreated OI/SLP water in 
outdoor tanks (OI water 
treatment), stocks held in filtered 
and degassed OI water under 
semi-translucent roofing 
(degassed water treatment), and 
stocks held in recirculating water 
treatment system also under semi-
translucent roofing (RAS water 
treatment). All stocks were 
maintained in 5,000L round 
fiberglass tanks with four 
replicate tanks per treatment 
group. Each tank contained two 
males and six females. 

 

 

Objective 2: Develop appropriate diet to maintain broodstock condition and produce 
high quality eggs. 
Previously, yellow tang broodstock have been maintained on a mixed diet, consisting of 
various commercial marine ornamental pellet and flake foods, in addition to a “raw” diet 
consisting of blended squid, shrimp, peas, spinach, Nori seaweed, and spawned fish eggs. 
This “shotgun approach” appears to have at least partially met the basic nutritional 
requirements for stock maintenance and year-round spawning. However, our research 
with flame angelfish has demonstrated that species-specific broodstock diets can be 
formulated which improve reproductive performance and egg quality over less-defined 
mixed diets and offer greater levels of stock biosecurity. Given similar problems with 
yellow tang egg quality, and based on our recent research with flame angelfish, we have 
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formulated a high protein (60%), low lipid (16%) diet that is high in DHA (27mg/g DW) 
and arachidonic acid (2.2 mg/g DW) for testing on yellow tang broodstock. Total n-3 HUFA 
levels are 3.8% of diet, with a DHA:EPA ratio of 2.7, and EPA:ARA ratio of 4.6. The diet 
was processed using a Hobart cold extrusion process with 50% of the oil added in the mash 
pre-processing and 50% top-coated after crumbling the extruded pellets and sieving to 
generate 1.5 to 2.0 mm crumble.  
 
Diet trials testing this formulated diet against our standard feeding protocols were initiated 
in mid-May on two of the four replicates under each water treatment protocol generating 
six tanks under control diet against six tanks on the test broodstock diet. The new diet was 
relatively well accepted by yellow tang stocks (some acclimation was required) with stocks 
now showing a strong feeding response to this formulation. Results from the diet trial to 
date suggest that the formulated yellow tang broodstock diet is working at least as well as 
the complex mixed raw diet, thus providing a simpler and more biosecure, and possibly 
consistent dietary source for yellow tang maintenance (Figure 3). We have also noted an 
overall decline in egg fertility and viability rates for both control and formulated diets may 
reflect the high degree of variability in reproductive performance seen month to month. 
However, this may also reflect other environmental factors, such as water source which as 
described above we now have the capability of finally addressing for this species. 
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Figure 3. Effects of broodstock 
diet on reproductive performance 
of yellow tang broodstock. The 
changeover to test diets was 
initiated at month 0. The “control” 
diet (n=6) consists of blended 
squid, shrimp, peas, spinach, nori 
seaweed, and spawned fish eggs 
and the YT diet (n=6) is a 
formulated diet shown in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 
Objective 3: Establish early larval rearing system to maximize larval hatch and early 
(pre-feeding) survival. 
With improved egg supplies we initiated efforts to hatch and rear yellow tang larvae in a 
range of hatchery systems. Results have quickly revealed that larvae behave quite 
differently from those of flame angelfish and that our early larval rearing systems and 
protocols are not adequate to get large number of larvae through the pre-feeding period 
and onto first feeds. 
 
With increasing egg supplies, small numbers of yellow tang larvae have been studied 
through embryonic and the early stages of larval development (Figure 5). Eggs 
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demonstrate a typical development sequence for pelagic spawning marine species with the 
production of a very small egg and larvae. Hatching typically occurs in about 21 to 22 
hours after fertilization. The resulting larvae are significantly smaller (~1.4mm) in length 
than even the pygmy angelfish larvae (~1.7mm). Newly hatched larvae survive on yolk 
reserves (endogenous feeding) for the first three days of development, at which time they 
have developed functional eyes and mouths (Figure 4) and must start feeding on available 
prey. 

Careful examination of hatch and early survival rates under static and low aerations levels 
showed slightly improved hatch rates with aeration followed by slightly lower survival 
rates (relative to static conditions) through the first five days after hatch (Figure 5). 
However, survival under both approaches is lower than acceptable. Microscope 
examination of developing larvae through this early larval rearing period revealed rather 
rapid utilization of yolk reserves (Figure 4) which may have left larvae nutritionally 
deficient before they have an attempt to start exogenous feeding. Lowering the culture 
temperature from 27ºC to 22ºC appears to slow the rate of yolk utilization with little effect 
on larval development (Figure 4). Further optimization of culture temperature and effects 
on yolk utilization and larval development are planned. 

 

 

 

 

 

 

 

 

 

Figure 4. Effects of the larval rearing environment on survival of yellow tang 
larvae through the early larval rearing period. The left panel depicts the 
effects of aeration on hatch and early larval survival rates. The right panel 
shows the effect of temperature on yolk utilization and body development in 
day one larvae. 
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Figure 5. Pictures of yellow tang larvae from preliminary larval rearing trials showing 
development from egg through 194hrs (8 days) post-hatch. Eggs and larvae out to day two 
(on the left) are pre-feeding stages upon which all development is based on maternally 
derived yolk stores. The developing larvae (on the right) have begun to feed on available 
prey items including algae and copepod eggs and are showing encouraging signs of 
development. 
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Year 2 

Objective 1: Identify suitable first feed for yellow tang larvae.  
Initial trials using methods successful for the flame angelfish resulted in the yellow tang 
larvae filling their guts with microalgae, but they did not appear to consume harvested 
Parvocalanus nauplii, resulting in no survival through the early feeding period. In 
subsequent trials we increased both the algae and Parvocalanus copepod nauplii densities 
and despite most of the ingested material appearing unidentifiable (likely microalgae), we 
did see a small number of yellow tang larvae that were clearly consuming copepod eggs at 
this first feeding stage (Figure 6). Although larvae did not survive past day nine in this 
trial, these feeding larvae did begin to show early signs of development, including a 
reorganization of tissue at the site of dorsal spine development (Figure 5), a clear advance 
from our earlier work.  

 

 
Figure 6. Photomicrograph of 
a first-feeding yellow tang 
larva that has clearly 
consumed copepod eggs. 
 
 
In subsequent trials we were also able to get yellow tang larvae to consume eggs from a 
second species of local calanoid copepods, Bestiolina similis obtained courtesy of the 
University of Hawaii. 
 
Objective 2: Scale-up culture of identified first feed to level required for conducting 
replicated larviculture trials.  
Given the small size of these first feeding larvae and clear evidence that they can consume 
copepod eggs, and possibly first -stage nauplii, we are currently focusing on scaling up our 
Parvocalanus cultures and developing methods to maximize collection of eggs and first-
stage nauplii. Towards this goal we are planning to test a copepod egg collection system 
designed by Dr. Michael Cooney from the University of Hawaii. The system is design to 
carefully collect copepod eggs in a cooled collection chamber to slow down hatching and 
provide a greater opportunity to increase the availability of appropriately sized prey. If 
successful, then we will work to integrate this technology into a pilot production scale 
copepod production system for practical application in hatchery operations. 
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Objective 3: Develop larviculture feeding regimen suitable for rearing yellow tang 
larvae through metamorphosis.  
Larviculture feeding methods development is planned following completion of pre-feeding 
and first -feeding objectives and scale up of first feed culture capability. 
 
 

Work Planned 
Planned research under year two of the project will continue to optimize broodstock 
0holding conditions and increase efforts directed toward rearing yellow tang larvae. The 
final phase of this project will focus on refining captive production technologies with 
emphasis on production bottlenecks and transfer of developed technology to local 
industry.  
 
 

Impacts 
Project activities are still in the early stages and therefore it is too soon to assess impacts of 
this project. However, the commercial trade in wild-collected yellow tang collected from 
Hawaii reefs (estimated at 300,000 to one million fish per year) is coming under increasing 
pressure from dive operators and other stakeholders in coral reef ecosystem. This makes 
the development of captive culture technology for yellow tang (and other high-value reef 
species) urgent. In addition to helping take pressures off the wild fish populations, yellow 
tang aquaculture technology will provide new economic opportunities with an estimated 
value of three to ten million $US per year. 

 

 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
Laidley, C.W. C. Bradley, C. Callan, E. Martinson, M. Kline. Development of copepod-

based hatchery technology for marine fishes with extremely small-mouthed larvae.  
World Aquaculture Society Meetings, Veracruz, Mexico, September 26, 2009. 

Callan, C.K., and C.W. Laidley. Opportunities for culturing coral reef species for the marine 
ornamental industry and food-fish production in the Pacific Islands. Saipan 
Workshop on Aquaculture Opportunities. Saipan College, July 17, 2008. 

Laidley, C.W. Saving the Reefs: Aquaculture of coral reef species as an alternative to wild 
collection. Hawaii Sea Grant Program, Hanauma Bay Seminar Series, June 12, 2008. 
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Laidley, C.W., C.K. Callan, and K.Liu.. Saving the Reefs: Aquaculture of coral reef species 
as an alternative to wild collection.  International Symposium in Honor of Professor 
Yoshitaka Nagahama Sex Determination and Gametogenesis in Fish: Current Status 
and Future Directions. University of Hawaii at Manoa, June 1, 2008. 

Laidley, C.W. Saving the Reef: Culturing coral reef species, Ocean Networks Celebration of 
the Year of the Reef, Waikiki Aquarium, April 12, 2008. 

Laidley, C.W. Copepod-based hatchery technology development, Marine Finfish culture 
symposium, Hawaii Institute of Marine Biology, March 20, 2008.  

Laidley, C.W. Saving the Reef … Development of aquaculture technology as an alternative 
to wild-collection of coral reef species, Hawaii Pacific University, February 13, 2008. 
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Culturing the Harlequin Shrimp, 
Hymenocera picta, for the Marine 
Aquarium Industry, Years 1 and 2  
 
 

General Information 
 
Reporting Period August 1, 2007 through July 31, 2008; no-cost extension through 

January 31, 2009 (Year 1 Final Report). 
April 16, 2009 through September 30, 2009 (Year 2 Progress Report). 

 
Funding Level Year  Amount  

   1   $38,340   
   2   $35,400 

   TOTAL  $73,740 
 
Participants Shaun Moss, Ph.D., Director 

Shrimp Department, Oceanic Institute 
 

Danielle McKay, MS student 
Hawaii Pacific University 

 
Dustin Moss, Research Associate 
Shrimp Department, Oceanic Institute 

 
Clyde Tamaru, Ph.D., University of Hawaii Sea Grant 

 
Karen Brittain, University of Hawaii Sea Grant   
 

 

Objectives  
Year 1  

1. Collect and disseminate information about the culture of H.  picta. 

2. Improve culture techniques for H. picta. 

3. Evaluate alternative diets for H. picta. 
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4. Explore potential genetic and environmental effects on post-settlement dietary 
preference for H. picta.   

Year 2  

1. Characterize biochemical and mineral composition of prey items. 

2. Production and evaluation of a formulated, artificial diet for adult H. picta. 

 

 

Anticipated Benefits 
Results from this project will contribute to a greater understanding of the larval biology 
and captive reproduction of harlequin shrimp.  In addition, data generated from this 
project will be used to formulate and process artificial diets for the harlequin shrimp.  If an 
artificial diet can be produced to wholly or partially replace live starfish, then the economic 
burden of maintaining live prey is reduced for the producer or aquarium hobbyist, and the 
environmental and ecological impacts of collecting live starfish are eliminated.   
 
 

Work Progress and Principle Accomplishments 
Objective 1: Collect and disseminate information about the culture of H.  picta. 
A workshop to identify and document techniques used for the captive reproduction and 
culture of H. picta was held on April 15, 2008 at Oceanic Institute’s Learning Center.  At the 
end of Year 2, we will conduct a workshop to disseminate our research results to interested 
stakeholders and we will write and disseminate a “facts sheet” summarizing industry 
input and our research results, and submit manuscripts for peer-reviewed publication.   
 
Objective 2: Improve culture techniques for H. picta. 
Seven pairs of harlequin shrimp were purchased from local pet stores.  Data on molting 
frequency were recorded for all seven pairs, whereas data on spawning frequency were 
recorded on six reproductively active pairs (see Figure 1 and Figure 2, Appendix A).  
Molting frequency for each pair was monitored and, on average, at least one individual 
(either male or female) per pair molted every 11.08 days. One pair has molted 42 times 
since July 2008. In addition, on average, H. picta pairs spawned every 19.42 days. One pair 
has spawned ten times. Mean clutch size (i.e. number of eggs and larvae per spawn) 
ranged from 731 – 2,833 for the six reproductively active pairs, whereas mean number of 
viable larvae per spawn ranged from 96 – 2,453 (Table 1, Appendix A). For all six pairs, % 
fertilization was >97% (i.e. there were very few unfertilized eggs).   
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Larvae from multiple spawns were collected and cultured for up to 30 days.  
Unfortunately, rearing larvae past 30 days has been unsuccessful.  In Year 1, most larvae 
died 5-days post -hatch.  In Year 2, most larvae have survived past 10-days post-hatch, but a 
significant mortality event often occurs around day ten.  Initially, larval-rearing protocols 
were based on information provided by Karen Brittain, University of Hawaii Sea Grant, but 
we have since modified our approach.  New approaches have included using treated water 
with batch exchange, using OI well water and flow-through exchange, concentrating prey 
items using light (some prey and harlequin shrimp larvae are positively phototactic), and 
slowing the motility of prey by chilling them.  Efforts will continue in Year 2 to develop 
protocols to obtain post-settled H. picta.    
 
Objective 3: Evaluate alternative diets for H. picta. 
Live echinoderm feeding trial. OI applied for a State of Hawaii import permit for live 
Linckia spp. sea stars, but the permit was rejected. Thus, sea stars (and other live 
echinoderms) have been purchased from local tropical fish distributors/retailers or will be 
collected form the wild. The collection of these animals is covered under OI’s marine 
collection permit. 
 
Obtaining the large numbers of harlequin shrimp needed for this trial has proved difficult 
(see Objective 2). OI was granted a State of Hawaii import permit for harlequin shrimp, but 
importation of the shrimp is problematic because mainland distributors are unwilling to 
ship them to Hawaii due to concerns over transit time. In addition, the local producer of 
harlequin shrimp recently halted production, and large numbers of wild-caught shrimp are 
not available at local pet shop. Thus, in-house production of sufficient numbers of 
harlequin shrimp is needed. Attempts at larval rearing will continue (with modified 
protocols) and juveniles produced from the first successful larval-rearing effort will be 
used to conduct the live echinoderm feeding trial. Live echinoderms will be collec ted or 
purchased immediately prior to the start of this trial.   
 
Prepared feeds trial. We have obtained frozen sea stars from Rhode Island that are 
considered pest species on shellfish farms and are routinely harvested in large numbers 
and discarded. The use of these sea stars as a preserved (dried or frozen) feed or as a 
protein source for an artificial diet represents a unique opportunity to utilize this often 
wasted marine resource. Furthermore, the use of these temperate sea stars is likely more 
sustainable and cheaper than the use of Linckia spp. sea stars, which are valuable as marine 
ornamentals. In addition to these sea stars, other preferred echinoderms (identified in 
Objective 3) will be used for this trial. This trial will begin immediately following the 
completion of the live echinoderm feeding trial. 
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Because of the difficulty in rearing the larvae past 30 days, no progress has been made on 
the remaining objectives.  
 
 

Work Planned 
Over the next 6½ months (October 1, 2009 through April 15, 2010), we will attempt to 
complete the following objectives: 
 
Objective 1.2.  Conduct a workshop to share research results about H. picta to interested 
stakeholders 
Objective 1.3.  Disseminate information about H. picta to interested stakeholders 
Objective 2.2.  Larval rearing  
Objective 4.1. Evaluate alternative diets for F2 generation shrimp 
Objective 4.2.  Evaluate alternative diets for shrimp reared under different larval-rearing 
conditions 
Objective 5.1. Characterize biochemical and mineral composition of prey items  
Objective 6.1.  Artificial feed production 
Objective 6.2.  Feeding trial 
 
 

Impacts 
Important information on the reproductive performance of harlequin shrimp has been 
obtained.  Specifically, current research has generated unique information about spawning 
and molting frequency for these marine ornamental shrimp, as well as a characterization of 
spawn quality.  In addition, attempts at larval rearing continue with the hope of 
developing protocols for the successful settlement of competent juveniles.     All of the 
information generated under this project will be included in a “facts sheet”, which will be 
made available to interested stakeholders to expand the industry.  
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented  
None to date. 
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Appendix A. 
CTSA Report, Year 2 activities: 
 

1.) Data collection on both molting and spawning frequency for paired harlequin 
shrimp 

a.  On average, H. picta pairs spawned every 19.42 days (some since July 2008, 
others since either March 2009 or May 2009). Only three of the original five 
pairs remain same and we acquired four new pairs since the Year 1. 

i. Pair #1 (obtained March 2009) has spawned irregularly.   
ii. Pair #2 (obtained July 2008) spawned 6 times after being reunited. 

Pairs were separated when females were taken to HIMB in an attempt 
to raise the larvae. Pair #2 spawned on average every 19.5 days since 
June 2009. 

iii.  Pair #3 (obtained July 2008) spawned 10 times after being reunited.  
Pair #3 spawned on average every 19.7 days since March 2009. 

iv.  Pair # 4 (obtained July 2008) spawned 6 times after being reunited. Pair 
#4 spawned on average every 20.43 days since March 2009. 

v. Pair #5 (obtained March 2009) spawned 8 times with an average of 
20.25 days between spawns 

vi.  Pair #6 (obtained May 2009) spawned 8 times with an average of 18.13 
days between spawns 

vii.  Pair #7 (obtained May 2009) spawned 8 times with an average of 18.50 
days between spawns 

 
b. Molting frequency for each pair was monitored and, on average, at least one 

individual (either the male or the female) per pair molted every 11.08 days. 
Although pairs did not remain the same throughout the study, each tank 
always consisted of the same male and a female on a similar reproductive 
schedule (and thus molting schedule).  

i. The pair in tank #1 produced 18 molts since March, 2009 with an 
average of 10.88 days between molting. 

ii. The pair in tank #2 produced 38 molts since July, 2008 with an average 
of 12.43 days between molting. 

iii.  The pair in tank #3 produced 42 molts since July 2008 with an average 
of 11.02 days between molting. 

iv.  The pair in tank #4 produced 39 molts since July 2008 with an average 
of 11.87 days between molting. 
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v. The pair in tank #5 produced 16 molts since March 2009 with an 
average of 11.20 days between molting. 

vi.  The pair in tank #6 produced 18 molts with an average of 9.35 days 
between molting. 

vii.  The pair in tank #7 produced 15 molts with an average of 10.79 days 
between molting. 

 
2.) Reproductive data were collected from 6 pairs of mating harlequin shrimp from 

May to July 2009.  
a. Average values for total clutch size, # larvae, % fertilized eggs, and % hatched 

eggs were obtained from 6 wild-caught pairs. 
i. Values for % fertilized eggs were consistent from spawn to spawn and 

from pair to pair. Mean % fertilized was very close to 100% for each 
pair (i.e. there were very few unfertilized eggs).  

ii. Interspawn interval was also quite similar among the pairs ranging 
from 18.5-19.5 days on average. 

iii.  Except for pair #7, paired shrimp produced from 2,130-2,833 larvae per 
clutch on average. Pair 7 produced only about 750. 

iv.  Mean % hatched and # larvae were variable among the 6 pairs. Pair 4 
had unusually low values, and shortly after these data were collected, 
the male died. It is possible that old age was preventing this pair from 
producing more viable larvae. This pair was producing the most eggs, 
but most did not hatch. 

 
3.) Water Quality parameters (dissolved oxygen concentration, water temperature, and 

pH) were monitored three times weekly for one month (end of Sept to end of 
October 2009). Ammonia and nitrite concentrations also were collected but have not 
yet been analyzed.  

i. Dissolved oxygen. (DO) ranged from 5.77mg/L to 6.34 mg/L in the 
tanks during the sampling period. Mean DO was 6.18 mg/L. 

ii. Temperature varied, at most, by about 1°C within and among tanks. 
Water temperatures ranged from 27.2- 28.2°C with an average of 
27.61°C. 

iii.  pH ranged from 7.04-7.98 in the 6 tanks. Mean pH was 7.68  
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Kahala Parasites and Shrimp Viruses of 
Concern to Pacific Aquaculture 
 

 

General Information 
 
Project Period   February 1, 2008 through January 31, 2009; no-cost extension through 

September 30, 2009 (Project Termination Report). 
 
Funding Level    $83,800     
 
Participants   Teresa D. Lewis, Ph. D., Assistant Researcher 

Hawaii Institute of Marine Biology, University of Hawaii – Manoa  
(now with the US Fish and Wildlife Service) 

 
Dee Montgomery-Brock, Research Technician 
Hawaii Institute of Marine Biology, University of Hawaii - Manoa 

 
Amy Eggers, Research Technologist 
Hawaii Institute of Marine Biology, University of Hawaii - Manoa 

 
Federico Rotman, M. S., Hatchery Manager/Senior Biologist 
Kona Blue Water Farms LLC 

 
Jennica Lowell, M. S., Researcher 
Kona Blue Water Farms LLC 

 
Linda Gusman, CTSA Industry Liaison 
Island Aquaculture 

 
 

Objectives 
1. Characterize the capsalid monogenean affecting kahala, analyze fish immune 

response to the parasite to determine if vaccine development is feasible, and 
determine influence of net composition on egg accumulation in culture.  
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2.  Continue Year 19 virus risk assessment, expanding sampling to include plankton 
that may pose a biosecurity risk to region facilities. 

3. Technology transfer of project results. 

 

 

Principal Accomplishments 
Objective 1:  Characterize the capsalid monogenean affecting kahala, analyze fish 
immune response to the parasite to determine if vaccine development is feasible, and 
determine influence of net composition on egg accumulation in culture.  
Capsalid parasites stored in ethanol were obtained from Oceanic Institute (OI) and from 
Kona Blue Water Farms LLC (KBWF) and used for molecular identification of a putative 
Benedenia species (Figure 1).  DNA was extracted using a commercially available kit 
(DNeasy Tissue Kit, Qiagen, Valencia CA) and the parasite identified using a polymerase 
chain reaction (PCR) method described by Mollaret et al. (2000) with primers amplifying a 
region of the 28S ribosomal DNA (forward C1F primer 5’ACC CGC TGA ATT TAA GCA T 
3’ and reverse D2R primer 5’TGG TCC GTG TTT CAA GAC 3’).  PCR products were 
analyzed by agarose gel electrophoresis and sequenced at the EPSCoR core sequencing 
facility at HIMB.  Comparison of results with archived sequences (BLAST analysis; 
Altschul et al. 1997) identified the parasite as a member of the Neobenedenia genus of 
capsalid monogene parasites (Figure 2).  Additional PCRs using another primer set 
(Whittington et al. 2001) also confirmed this result. This is an important observation since 
Neobenedenia has a broader host range than Benedenia seriolae.   
 
To determine the feasibility of vaccine development against Neobenedenia sp., parasites 
were transferred to HIMB in quarantine conditions under an approved UH Biological 
Safety Protocol from KBWF.  This was done by shipping netting with viable parasite eggs 
in coolers via air freight and allowing eggs to hatch under quarantine conditions.  Since the 
initiation of this project, parasites have been successfully propagated on both tilapia and on 
kahala at HIMB.  Tilapia are being used for some of the preliminary studies while an anti-
kahala antibody is being produced and tested.  In a separate study funded by the NOAA 
NMAI Hawaii Offshore Aquaculture Research Project (C. Laidley, PI, C. Helsley and T. 
Lewis, co-PIs), an antigen-specific antibody response in kahala was induced allowing for 
purification of kahala IgM (antibody) using affinity chromatography.  This purified IgM 
was sent to a commercial facility to produce a rabbit anti-kahala IgM polyclonal antibody.  
We have received this reagent and are purifying it for use in ongoing experiments to 
measure the kahala anti-Neobenedenia antibody response.   
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In vivo propagation of parasites was done by exposing adult tilapia or juvenile kahala with 
Neobenedenia egg-infested netting from KBWF.   This resulted in a successful infection in 
both species by day ten post-exposure.  Ongoing infection trials allowed observation of 
parasite development from eggs to mature adults and confirmed a lifecycle rhythm similar 
to that reported for capsalid monogeneans in other regions (Figure 3).  Increased 
temperatures appear to expedite development of the parasite by 12-24 hours per stage 
(eyespot development, oncomiracidia hatch, time to maturity and subsequent fecundity). 
 
Initial infection studies show juvenile kahala to be much more susceptible to parasite 
infection than adult tilapia.  The optimal infectious dose to use for vaccine feasibility 
studies will be identified using methods established working with other ectoparasites in 
the laboratory (Lewis & Misumi 2007).  In preliminary infection studies, naive adult tilapia 
exposed to egg infested netting were infected with high numbers of parasites.  After 
treatment (freshwater dip) and re-infection, fish had fewer parasites attached when 
examined at days nine and ten post re-infection.  This observation suggests some acquired 
immunity develops post secondary challenge.  Infective doses are likely key to accurately 
documenting and further studying this effect and experiments are ongoing. 
 
Net material experiments were set up in static, controlled conditions in a wetlab at HIMB 
so egg accumulation occurred without the confounding accumulation of other biota (algae, 
copepods, worms, etc.).  Previously, KBWF had provided netting from their offshore cages 
for observation purposes and it is very difficult to screen netting when it has been 
colonized in the open ocean environment.  The use of netting seeded in controlled 
conditions also improved water quality conditions during the challenge experiments.   
 
A group of six kahala (average length 5”) were infected by culturing in a 30 gallon tank 
seeded with Neobenedenia eggs (Figure 4).  Fish were fed and water quality monitored on a 
daily basis throughout the experiment. After two weeks, these fish were screened to 
confirm they were infected with the parasite.  All fish were infected with the parasite and 
these parasites were producing additional eggs (determined by microscopic examination).  
Individual fish were transferred to six different aquaria, each containing five naïve kahala 
of equivalent size and three suspended swatches of netting to promote parasite infection by 
co-habitation.  Three different net types were provided by KBWF, standard Dyneema (D), 
anti-foulant coated Dyneema (AFD), and Aquagrid HDPE (AHDPE) and each swatch was 
6” x 6”.  Netting was suspended in the tank in a varying order (D-AFD-AHDPE, AFP-D-
AHDPE, AHDPE-D-AFD, etc.) side by side just under water level to randomize 
colonization that might be affected by the placement of tank filtration units and water 
input.  Six naïve kahala were placed in the original infection tank to show that parasites 
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remained fecund in this tank and egg production continued during the second phase of the 
experiment.  These were considered positive controls. 
 
All fish were parasite positive at the end of two weeks by microscopic exam and eggs were 
accumulating on the suspended netting.  There was no statistical significance in the 
numbers of eggs accumulated on the nets but the finer threads of the Dyneema netting 
(with or without antifoulant) supported more egg attachment that the AHDPE.  There was 
no difference in colonization of the net swatches that could be correlated to location of the 
swatch in the tank.  
 
Three deliverables were identified for this Objective:  (1) identify the capsalid monogenean 
trematode affecting kahala in cage culture using molecular methods, (2) determine the 
feasibility of developing a vaccine against this parasite, and (3) identify net cage materials 
that may be more resistant to parasite egg colonization and whether desiccation of eggs on 
netting may be integrated into an effective management strategy. The work for deliverable 
(1) and (2) is complete and only the egg dessication experiments were unable to be 
completed by the PI. 
 
Objective 2:  Continue Year 19 virus risk assessment, expanding sampling to include 
plankton that may pose a biosecurity risk to region facilities. 
Four plankton sample collection trips and two bioassays have been completed to date.  
Seven 5-minute tows were conducted around HIMB using a plankton net (Sea-Gear 
Corporation Melbourne, FL), with each tow collected into a 1 L plastic jar and then pooled 
into a 15 L bucket.   Tows were conducted using one of the Boston Whaler fleet boats at 
HIMB.  For the Makai Pier tows, the plankton net was towed by hand from the pier and 
seven tows of two minute duration was conducted with each visit to the pier.  Sample 
processing was the same for plankton collected from both sites.  After thoroughly mixing 
the samples in the bucket, 700 mls of plankton was concentrated into a 1 L plastic beaker 
and transported back to HIMB for nucleic acid extraction.  A 20 ml sub-fraction of this 
sample was poured into a Petri dish and placed under a microscope.  Digital images of the 
various plankton types in the sample were obtained using an Olympus stereomicroscope 
(Center Valley PA) and Optronics Magnafire digital camera and software (Goleta CA).  
These images have been archived for future analysis and comparison with future plankton 
tows.  The remaining 700 ml sample in the 1 L beaker was concentrated using a 0.2 µm 
filter attached to a vacuum apparatus.  The sample on the filter paper was collected and 
placed into five 1.5 ml aliquots for DNA extraction and five 1.5 ml aliquots for RNA 
extraction and frozen at -80 °C.  PCR or RT-PCR was done to survey all samples for the 
presence of WSSV, IHHNV, TSV, or YHV.  To date, no positive PCR amplicons have been 
identified and the plankton samples have been determined to be negative for these viruses. 
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Bioassays for tows from each site were initiated before the PCR analyses were completed. 
The remaining 6.3 L collected from each site was divided equally into three small 10 L 
plastic aquaria (2.1 L sample each). An additional 2.1 L of unfiltered seawater was added to 
each aquarium to increase the volume and provide a better habitat for the shrimp. Small 
SPF shrimp (provided by OI) were placed into each of the three aquaria and into a control 
aquarium (unfiltered water only – no plankton, shrimp n=10 for each tank). Aeration was 
supplied to each aquarium and the shrimp were left in these aquaria for five days, fed dry 
shrimp pellets every other day. At the end of the trial the surviving shrimp were 
terminated, some fixed for histology and samples collected for PCR.  One half of the 
shrimp population was removed from the control aquarium on the day this trial was 
terminated to prepare samples for histology and PCR.  No obvious mortalities due to 
disease were noted and PCR/RT-PCR indicated there was no amplifiable viral nucleic acid 
in any of the samples tested.   
 
For bioassays using virus-positive commodity shrimp, quantitation of virus was done 
using two methods.  WSSV was tested using the two-step PCR described by Lo et al. (1993) 
and only shrimp that were positive in the first step reaction were used in bioassays.  
Quantitation of virus from the commodity shrimp that tested positive for IHNV, TSV, and 
YHV were done using quantitative PCR (QPCR) methods described in the OIE Manual of 
Diagnostic Tests for Aquatic Animals, and only shrimp with the highest copy number of 
virus used for bioassays.  Although bioassays using WSSV-positive material confirmed the 
virus could be transmitted, the remaining bioassays were not completed prior to the PI 
leaving HIMB due to containment concerns about conducting bioassays with the PI absent 
and no students or technical staff continuing to work at HIMB. 
 
The additional virus testing and bioassays with outer island plankton samples were 
planned for the spring/summer of 2009 when water temperatures increase and 
weather/tidal conditions improve and the PI planned to return to HIMB to conduct tests.  
As previously stated, this work was not accomplished due to travel constraints on the part 
of the PI.  If possible, the PI still hopes to complete collection and testing of plankton 
samples in the near future. 
 
Objective 3:  Technology transfer of project results. 
The deliverables for this objective include timely submission of various reports to the 
CTSA, and publication of one parasite research-related article and one shrimp virus 
research-related article in the CTSA Regional Notes.    The report “Name that Monogene” 
was published in the CTSA Regional Notes and a report describing results from the shrimp 
virus surveys in the state of Hawaii is also in preparation for submission to the Regional 
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Notes as well as a peer-reviewed journal.  An abstract describing Cryptocaryon irritans 
serotype differences and the status of vaccine development (funded by CTSA in previous 
years) research was presented at the World Aquaculture Association meeting in Busan, 
Korea May 20-23, 2008 where Dr. Lewis co-chaired one of the sessions on Fish Health. Dr. 
Lewis also presented project results at the 2008 American Association for Advancement of 
Science Pacific Division (AAAS-PD) 89th Annual Meeting in Waimea HI, June 15-20, 2008.   
In May 2009, a graduate student (Ichiro Misumi) presented an update of project results at a 
stakeholders meeting hosted at the Oceanic Institute. 

 
 

Impacts 
Offshore cage culture is a growing industry in the region and many production bottlenecks 
have been addressed.  One problem that persists relates to the management of monogene 
infection in kahala culture during grow out.  This parasite, Neobenedenia sp., has been found 
to occur on a number of fish species in Hawaiian waters.  If egg dessication and net 
selection strategies can be used to minimize the colonization of cage netting with this 
parasite, more fish will be available for harvest and less man power will be committed to 
monitoring and managing the problem of parasite egg accumulation.  Our experiments 
indicate AHDPE may be a better net material because the surface does not fray when cut.  
It does, however, support colonization of parasite eggs.  If fish can be immunized against 
Neobenedenia a vaccine may be developed with efficacy throughout the cage culture period.  
This may prove a better management strategy but not in the short term since additional 
research will be required.  Kahala is a valuable aquaculture commodity but current 
practices to manage egg accumulation on the offshore cage netting are expensive in terms 
of time allocated to monitor/manage egg accumulation and manpower costs.  The expense 
of developing a vaccine would be justified since so much time is spent dealing with this 
problem in culture conditions.  Additional strategies under consideration include following 
up with a potential investigational new animal drug approval (INAD) protocol to identify 
anti-parasitic drugs that may be used safely to combat parasite infestation. 
 
The SPF shrimp industry in Hawaii is a lucrative business and biosecurity measures in 
these and other shrimp facilities is an important health management practice.  Two 
facilities in Hawaii have been impacted by viral outbreaks in recent years leading to 
complete disinfection and serious financial losses.  Any results obtained by this study that 
allows better understanding of the risks associated with virus positive commodity shrimp 
or the presence of shrimp viruses in the wild will be beneficial to the shrimp industry. 
However, unless the State of Hawaii limits import of commodity shrimp that are positive 
for OIE-listed shrimp viruses, there is a continued potential for introduction of these 
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pathogens into the environment through the use of commodity shrimp as bait.  In a study 
funded by CTSA last year, we identified commodity shrimp that tested positive for the 
“Big Four” shrimp viruses (WSSV, IHHNV, TSV, and YHV) from four main Hawaiian 
islands.  Bioassays using WSSV positive tissue from this study shows SPF shrimp can be 
infected with this virus experimentally and that local crabs can carry the virus without 
showing signs of white spot syndrome.  

 
 

Recommended Follow-Up Activities 
A number of observations were made in this project that merit follow up by CTSA and 
other agencies funding aquaculture research.  Research for better management strategies of 
monogenes in cage culture, including possible drug studies, will be an important next step 
for this project and may provide more rapid results than vaccine development against 
Neobenedenia.  Vaccine development should also be considered if specific immunogenic 
protein(s) are identified in studies on-going by the PI funded by the NOAA Hawaii 
Offshore Aquaculture Research Project.  Expanded sampling, including some overnight 
sampling outer-island, must be completed in order to obtain a representative number of 
species for the final phase of the shrimp virus survey.  It is regrettable that the PI had to 
relocate, and a sign that aquaculture research efforts are being impacted by the economic 
issues affecting the US at this time. In addition to the expanded sampling, development of 
public education materials to make the general public aware of the potential harm using 
commodity shrimp for bait in Hawaii is recommended.  
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
“Cryptocaryon irritans serotype differences and the status of vaccine development.” Abstract 

presented at the World Aquaculture Association meeting in Busan, Korea May 20-23, 
2008. 

Presentation of project results, 2008 American Association for Advancement of Science 
Pacific Division (AAAS-PD) 89th Annual Meeting. Waimea HI, June 15-20, 2008.    

Additional manuscripts are currently in preparation.  
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Figure 1.     Parasite identified by PCR as Neobenedenia sp. 
 

 
 
 
 
 
 
Figure 2.  Neobenedenia sp. representative PCR amplicon sequence (5’ to 3’).  Sequences 
were the same for freshly isolated parasites as well as reference parasites provided by 
Oceanic Institute (Dr. Charles Laidley) and Kona Blue Water Farms (Jennica Lowell). 
  
GGATTCTCTTAGTAACTGCGAGTGAACAGAGATTAGCCCAACATCGAAGCCACCAT
GCATTTGTATGGGAGGCAATGTGATGTTTTGGTGTTTGAACGCACTGTCTGGCTAAC
TTGAAGTCCATATTTGACTGTGGCTTGTATTTATACACCCAGAGATGGTGATAGGCC
CGTTCAGGTTGGTATTCTGGCATGACAGTTCAGTGTGTAATCATTCATCATAGAGTC
GGATTGCTTGAGAGTGCAGTCCAAAATGGGTGGTAAACTCCATCTAAGGCTAAATA
CCTGTACGAGTCCGATAGTCAACAAGTACCGTGAGGGAAAGTTGAAAAGT 
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Figure 3.  Life cycle observations for Neobenedenia sp. from Hawaii. 
 
 
 

Lifecycle observations for Neobenedenia sp. from Hawaii 
1 mature worm produces 50-200 eggs. 
Each egg contains 1 oncomiracidium. 

Ciliated, free-swimming oncomiracidium hatches in 5-6 days at 25oC. 
Must find host within 24-48 hours to survive. 

Attaches to fish epithelium, sheds cilia and unfolds haptor. 
Matures to adult worm in 10-11 days after attachment (15-17 days post-hatch 

at 25oC). 
 

 
 
 
 
 
 
 
Figure 4.  Net colonized with Neobenedenia eggs used to infect fish for the netting 
experiments.  Eggs are triangular and brown, attached with a single filament to the net. 
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Improving Outputs in the Commercial-
Scale Production of Swordtails,  
Years 1- 3 
 
 

General Information 
 
Reporting Period March 1, 2008 to September 30, 2009 (Year 2 Final Report, Year 3 

Progress Report) 
  
Funding Level Year  Amount 

   1   $70,000 
   2   $35,000 
   3  $35,000 

   TOTAL  $140,000 
 
Participants:  Clyde Tamaru, Ph.D., CTAHR  

Department of Molecular Biosciences and Bioengineering 
University of Hawaii 

 
Kathleen McGovern-Hopkins, CTAHR 
Department of Molecular Biosciences and Bioengineering 
University of Hawaii 

 
Jim Szyper, Ph.D., CTAHR 
Department of Molecular Biosciences and Bioengineering (Retired) 
University of Hawaii 
 
Dulal Borthakur, Ph.D., Professor 
Department of Molecular Biosciences and Bioengineering (MBBE) 
College of Tropical Agriculture and Human Resources (CTAHR) 
University of Hawaii at Manoa 
 
Spencer Malecha, Ph.D., Researcher 
Department of Human Nutrition, Food, and Animal Sciences (HNFAS) 
CTAHR, University of Hawaii at Manoa 
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Douglas Vincent, Ph.D.,  
CTHAR, University of Hawaii at Manoa 

 
Masaki Nasu, Graduate student  
MBBE, CTAHR, University of Hawaii at Manoa 
 
Lei Yamasaki, Graduate Student 
HNFAS, CTAHR, University of Hawaii at Manoa 
 
Private Sector Collaborators: 
Steve Hopkins     Pat Maloney 
Rain Garden Ornamentals    Ohana Flowers of Hawaii 
 
Bob Kern and Randall Weir   Patrick Vahey 
Tropical Ponds Hawaii (TPH)   Aquatics Hawaii 
 
Mark Bornheimer     Jason Akamine 
Tropical Ponds Hawaii 
 
 

Objectives  
Year 1 

1. Improve overall production of swordtails statewide. 

2. Test and validate production techniques for all female swordtail individuals. 

3. Establish two additional varieties of homozygous lyretail strains. 

4. Technology transfer in the form of on farm testing, workshops, technical handouts, 
and newsletter articles 

Year 2 

1. Complete a field tested technique that results in the production of all female 
homozygous lyretail swordtails.   

2. Increase lyretail swordtail production statewide to account for 25% (e.g., 2,000 
lyretails per month) of the current total swordtail production at project’s end. 

3. Transfer technology in the form of workshops, technical handouts, and newsletter 
articles. 
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Year 3 

1. Establish two varieties of homozygous lyretail strains.  

2. Demonstrate that feminized females can alleviate the highly skewed female sex ratio 
on farm site.   

3. Transfer technology to appropriate end users.   

 

 

Anticipated Benefits 
If successful the proposed work will result in two means of improving swordtail outputs 
for commercial producers.  The first would be a possible value added product where all 
female homozygous lyretail swordtails are produced.  The advantage of that genotype is 
that it would produce only lyretails with each generation and being inherently more 
valuable increases the value of the production output.  It is also anticipated that the 
homozygous lyretail female itself might be a value added product much like the corn seed 
model that makes up a large part of Hawaii’s diversified agricultural output.   
 
The second anticipated benefit is the alleviation of the highly skewed female sex ratio 
currently experienced by commercial swordtail producers.  The availability of a mechanism 
that results in a sex ratio of 1:1 male:female swordtails would greatly improve production 
efficiency of these products by cutting down on the extra sorting and excess number of 
females that currently plague production efforts.  
 
 

Work Progress and Principal Accomplishments 
Year 1 
The objectives during Year 1 of the project still form the basis for the work being carried 
out under the auspices of Year 3 of the project.  Impacts of the work done under the entire 
project can be summarized in correspondence dated March 9, 2009 from Mark Bornheimer 
of Tropical Ponds Hawaii. He states that “we are selling more Lyretails” as a direct result of 
the various strains provided under the auspices of the project. While production of those 
varieties at farm site has increased, the news has to be tempered with the overall downturn 
in the freshwater ornamental business and economy in general as sales has slowed 
considerably. 
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Year 2 
Objective 1: Complete a field tested technique that results in the production of all 
female homozygous lyretail swordtails. 
During Year 2, the project underwent a shift in focus and emphasis, from validating the 
feminizing of swordtail portion of the workplan in order to address the more immediate 
challenge of not having enough male swordtails in a population. Work done in the 
laboratory by Yamasaki demonstrated that a dose of 400 ppm of E2 (estradiol) led to almost 
complete feminization and that the treated fish were indeed fertile. Equally important was 
that the treated females produced progeny with a resulting sex ratio that approached unity. 
This would have an immediate impact for farms producing common swordtails.  
 
Validation trials were initiated during Year 1 of the project, and monitored during Year 2. 
For the actual validation trial, the treatment was modified to take into account the 
availability of swordtail fry at the WCC Aquaculture complex. Fry of mixed ages were 
caught with an aquarium net from a swordtail production tank and sorted by size using a 
dip net. The sorted fry were then placed into 150-L (40 gallon) black plastic tubs at a 
density (depending on the variety) ranging between 1.7 fry/L (neon) and 0.7/L (pineapple). 
All tanks were provided with continuous aeration and a sponge filter and the treatment 
tanks were fed Nelson Silvercup Salmon Starter laced with 500 ppm E2. The control diet 
consisted of the same feed, but without any estrogen. All tanks were operated in a closed 
system. Two strains of swordtail fry (lyretail neon and common pineapple) were tested, 
with two replicates for each treated group. 
 
On May 14, 2008, the tanks were harvested and the number of males and females were 
determined for each tank. Survival was not significantly different for each of the treated 
and control groups and averaged between 62.2% and 71.9%. Consistent with previous 
observations, the non treated group had a female dominated sex ratio that ranged between 
75% and 85% females, depending on the swordtail variety. When fed estrogen, however, 
the resulting sex ratio using the current validation protocol ranged between 96% and 100% 
females, consistent with what was observed during the laboratory trials that utilized the 
redwag variety. 
 
The resulting treated groups were stocked in respective 1,200-L tanks. Males were 
introduced into the tanks and mating was allowed to take place at random. Fry collected 
from each of these tanks were collected and stocked into 40 gallon tanks for grow out to the 
point at which the sex ratios can be verified.  
 
If the hypothesis of sex determination in swordtails is correct (e.g., polygenic and threshold 
phenotype), there should be a dramatic shift in sex ratio towards unity between male and 
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females, which would meet the desired outcome of the farmers.  
 
As part of this objective, common swordtail fry of various strains (ranging between 1,000 – 
2,000 individuals) were obtained from TPH and underwent feminizing treatment. Treated 
fry were returned to the farm and grown out to adults. The treated individuals were to be 
mated with adult males at the time of this report. Preliminary results indicated a greater 
than 90% production of females, which is consistent with the feminizing treatment. Treated 
broodstock were stocked with appropriate males. Fry produced from these crosses were to 
be grown out and returned into the farm’s production cycle. The resulting sales were to be 
monitored during the next reporting period to measure impacts of the treatment. 
 
Objective 2: Increase lyretail swordtail production statewide to account for 25% (e.g., 
2,000 lyretails per month) of the current total swordtail production at project’s end. 
Lyretail swordtail varieties were made available to outside farms in partial fulfillment of 
this objective. The intent was to provide a larger number of varieties of lyretails to farmers 
to diversity their product lines. Tropical Ponds Hawaii took the most advantage of this 
opportunity by taking a different approach and placing the lyretails in single production 
ponds, instead of keeping them in discrete lyretails strains, as is done for the common 
swordtails. The mixed lyretail product approach was apparently more cost effective in 
terms of the demand and manpower requirements at the time of this report.   
 
Production of homozygous lyretail populations were initiated and were undergoing 
various progeny testing to isolate homozygous individuals at the time of this report. Work 
to produce the desired outcome of homozygous individuals was considerably slowed 
because of the lack of a gene marker. 
 
Objective 3: Transfer technology in the form of on farm testing, workshops, technical 
handouts, and newsletter articles. 
An oral presentation, “The paradox of alleviating the female dominated sex ratio of 
swordtails Xiphophorus helleri by feminization using dietary administration of 17ß-
estradiol,” was given at the symposium “Sex Determination and Gametogenesis in Fish: 
Current Status and Future Directions. An International Symposium in Honor of Professor 
Yoshitaka Nagahama,” May 30-June 1, 2008, Honolulu, Hawaii. Two oral presentations 
were given at the Honolulu Aquarium Society’s monthly meetings, which provided 
updates on the search for the gene marker for the lyretail trait (July 4, 2008) and on the 
feminizing work on swordtails (August 5, 2008).  
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Year 3 
Objective 1: Establish two varieties of homozygous lyretail strains.  
During the previous reporting period, a total of 14 trials using artificial insemination (AI) to 
cross lyretail males and females were conducted.   The process began by first isolating 
young female lyretail swordtails during their development to insure that they were virgins 
when used in the AI attempts.  Approximately 20 individual crosses were attempted per 
trial, and the success rate was surprisingly low.  A total of only three crosses resulted in fry 
that have been grown out during the current reporting period.  Of the three crosses that 
have resulted in progeny, two of them had sufficient numbers of fry that produced both 
males and females (e.g., brothers and sisters), and these have been artificially inseminated 
in order to produce the next generation of progeny, which should increase the probability 
of having homozygous lyretail individuals.   As mentioned previously, however, the lack 
of a gene marker will hamper the progress of this effort as the identification of the 
homozygous individuals will rely on progeny testing.  Such activities are planned with the 
availability of progeny that have been grown out to sexual maturity.   
 
Objective 2: Demonstrate that feminized females can alleviate the highly skewed female 
sex ratio on farm site.   
During the previous reporting period, we reported on the use of fry of mixed ages that 
were caught with an aquarium net from swordtail production tanks and sorted by size 
using a dip net. This activity would mimic what would naturally be used in a commercial 
setting. The sorted fry were then placed into 40 gallon (e.g., 150-L) black plastic tubs at a 
density (depending on the variety) ranging between 1.7 fry/L (neon) –  0.7/L (pineapple).  
All tanks were provided with continuous aeration and a sponge filter and the treatment 
tanks were fed Nelson Silvercup Salmon Starter laced with 500 ppm E2.  Control diet 
consisted of the same feed but without any estrogen. All tanks were operated in a closed 
system.  Two strains of swordtail fry were tested and there were two replicates for each 
treated group.  The varieties used were the lyretail neon and common pineapple varieties.  
On May 14, 2008 the tanks were harvested and the number of males and females were 
determined for each tank.   Survival was not significantly different for each of the treated 
and control groups and averaged between 62.2% - 71.9%.  Consistent with previous 
observations the non treated group has a female dominated sex ratio that ranges between 
75% - 85% females depending on the swordtail variety.  However, when fed estrogen the 
resulting sex ratio using the current validation protocol ranges between 96% - 100% 
females and consistent with what was observed during the laboratory trials that utilized 
the redwag variety.  Also during the previous reporting period, 100 feminized individuals 
from each of the replicate tanks were stocked in 1,200-L production tanks.  In addition, 25 
common males of the same variety were stocked to achieve a 1:4 male to female stocking 
density that would mimic commercial-scale production systems for common swordtails.  
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The populations were allowed to mate randomly and the fry produced were collected and 
stocked into 120-L growout tanks.  These were fed a diet of live Moina and Nelson Silver 
Cup Salmon starter and allowed to growout for 90 days.  The survival and sex ratios 
obtained during the reporting period are summarized in Table 1. 
 
Table 1.  Summary of survival and sex ratio of progeny from feminized swordtails. 

 
 

Tank 
Strain Female Male Total Ratio 

F:M 
Survival 

(%) 
F8 Pineapple 218 15 231 14 92.4 

F6 Pineapple 187 12 199 16 79.6 

D27 Neon 173 13 186 13 74.4 

D35 Neon 118 3 121 39 48.4 

 
The results were very disappointing, to say the least, as the expected sex ratio of the 
resulting progeny should have been towards a 1:1 Female:Male ratio.  The results in fact 
exhibited a skewed distribution to females clearly contradicting the hypothesized 
mechanism of action.  It is thought that the manner of collection and separation of fry from 
the production tanks did not result in sufficient separation fry of the appropriate ages and 
one reason for the results obtained.   
 
A separate trial was initiated during the previous reporting period where several varieties 
of swordtails would be investigated simultaneously.  They are red, marigold and pineapple 
swordtails and five females of each variety were the source of fry for this trial.  In this case 
the fry from the same female would be the basis for controls and treatment groups.  During 
the reporting period the following fry were distributed and treated in 5-gallon buckets: 
 
Red Swordtails (n = 5 females)  
#5- 2./22/09 27 fry = 13 into control, 14 fed feminizing diet. 
#4 2/26/09 33 fry = 17 into control, 16 fed feminizing diet. 
#3- 2/28/09 60 fry, 30 into control, 30 fed feminizing diet. 
#1 3/2/09 25 fry, 13 control, 12 fed feminizing diet. 
#2 3/12/09 26 fry, 13 control, 13 fed feminizing diet. 
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Marigold Swordtails (n = 5 females) 
#8 2/17/09 24 fry, 12 control, 12 fed feminizing diet. 
#7 2/26/09 47 fry, 23 control, 24 fed feminizing diet. 
#9 3/10/09 61 fry, 30 control, 31 fed feminizing diet. 
#10 3/16/09 66 fry, 33 control, 33 fed feminizing diet. 
#6 3/30/09 48 fry, 24 control, 24 fed feminizing diet. 
 
Pineapple Swordtails (n=5 females)  
#13 2/23/09 14 fry, 7 control, 7 fed feminizing diet. 
    4/13/09 52 fry, 26 control, 26 fed feminizing diet. 
#15 2/24/09 14 fry, 7 control, 7 fed feminizing diet. 
    4/28/09 60 fry, 30 control, 30 fed feminizing diet. 
#14 3/2/09 38 fry, 19 control, 19 fed feminizing diet. 
#12 3/15/09 20 fry, 10 control, 10 fed feminizing diet. 
#11 3/21/09 32 fry, 16 control, 16 fed feminizing diet. 
 
Feminized and control fry were grown to sexual maturity where the sex of each individual 
could be confidently scored and the feminizing treatment could be assessed.  Those results 
are summarized in Figure 1.  As reported previously the untreated controls result in a sex 
ratio that is predominately female and the basis for the research being conducted.  The 
results from this experiment was encouraging as only females resulted in all of the 
feminizing treatments indicating the appropriate ages for feminization were selected.  
Likewise, the parents from which the fry were produced are known and we have a better 
perspective of the lineage of the fry to be tested. 
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Objective 3: Transfer technology to appropriate end users.   
Swordtails and technical assistance were provided to Adam Baker, a graduate student with 
the Department of Molecular Biosciences and Bioengineering CTAHR.  Under the 
supervision of Dr. Harry Ako, the fish and info was used in a project that was summarized 
at the 2009 CTAHR student symposium in a poster presentation.  In addition to the poster 
presentation, one oral presentation was also made during the reporting period.   

 
 

Work Planned  
The resulting feminized individuals in Objective 2 have been scored and have been mated 
with common males.  Mated individuals have been separated into individual buckets 
where they are being allowed to produce fry.  Resulting fry will then need to be grown to 
the point where the resulting sex ratios can be determined.  Individual females that 
produce a preponderance of males will have been identified and form the basis for 
populations that can be used to produce a higher percentage of males than control groups.  
These are to be perpetuated at the WCC Aquaculture Complex and amplified for 
distribution to local farmers. 

Figure 1.  Summary of feminizing treatments of swordtail progeny from individual crosses 
amongst three strains of swordtails. C = control, T = Treatment 
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In addition to the work on alleviating the highly skewed sex ratios, the production of 
homozygous lyretail strains will continue albeit with the focus on two strains.   
 
 

Impacts 
At present there are no major impacts at the level of industry, as the results are still being 
determined experimentally and at laboratory-scale.  The only major impacts have been 
relative to the validation of the mode of inheritance of the lyretail trait that was reported 
earlier.  Results of those efforts were requested to be made public by the editor of Tropical 
Fish Hobbyist, one of the largest periodicals in the ornamental trade.   
 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented  
Tamaru, C. S. and K. McGovern-Hopkins.  2009.  Improving Outputs in the Commercial-

Scale Production of Swordtails in Hawaii, Year 2  Contract No. 2006-189.  CTSA’s 
Annual Progress Report to the Public,  May 14, 2009, Oceanic Institute Learning 
Center. 

 
Baker, A., H. Ako and C.S. Tamaru.  2009.  Manipulation of the arachidonate to 

eicosapentaenoate ratio and its effect on fry production in freshwater ornamental 
maturation feeds.  CTAHR Student Research Symposium, April 3-4, 2009. (Gamma 
Sigma Delta Award of Merit)  
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Inter-Institutional Coordination and 
Preparation of a Guam Aquaculture 
Development Plan 

 
 

General Information 
 
Project Period:  October 1, 2007 to September 30, 2008; 1st no-cost extension through 

March 31, 2008; 2nd no-cost extension through September 30, 2009. 
 
Funding Level:  $25,000 
 
Participants:   John W. Brown, Ph.D., Professor 

College of Natural and Applied Sciences 
University of Guam 

    
Maria Haws, Ph.D. 
Pacific Aquaculture and Coastal Resources Center 
University of Hawaii at Hilo   

    
John Gourley, Consultant 
Micronesian Environmental Service, Saipan, Northern Mariana Islands 

    
Steven Nelson, Ph.D., Senior Research Scientist 
Environmental Research Laboratory, University of Arizona  

 
 

Objectives 
1. Form an Aquaculture Development Working Group to execute the work and 

improve institutional coordination and cooperation for future implementation 
activities. 

2. Review current status and potential areas for development including a SWOT 
analysis (Strengths, Weaknesses, Opportunities, and Threats). 

3. Review current and potential list of species available for aquaculture on Guam. 
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4. Review local and federal policies, regulations and permitting processes effecting on-
going and potential aquaculture development on Guam. 

5. Conduct an institutional analysis for public and private sector entities on Guam and 
potential partners located elsewhere. 

6. Review currently available economic incentives for aquaculture development on 
Guam. 

7. Suggest changes to the current regulatory and economic environment that could be 
locally adopted. 

8. Publish the results of objectives 1 to 7 as a CTSA/GADTC joint publication with 
distribution to all concerned stakeholders. 

9. Make oral presentations of findings to concerned stakeholders and at aquaculture 
meetings/conferences. 

 

 

Principle Accomplishments 
Objective 1: Establish a Guam Aquaculture Development Working Group. 
The following people have advised the project: 
 Peter San Nicholas - Commercial aquaculture farmer 
 Arnie Morenio -  Small commercial farmer 

Bill McDonnald -  Southern Guam Soil & Water Conservation District, Guam 
Farmers Coop, small scale aquacultist 

 Brent Tibbats -   Guam Aquatic and Marine Resources 
 Michael Gawell -  Guam Environment Protection Agency 
 Manny Duenas -  Guam Fishermen’s Cooperative Association 
 Bob Barber -   Guam Cooperative Extension Service 
 Tom Camacho -  USDA, Farm Service Agency 

 
Objective 2:  Review current status and potential areas for development. 
An aquaculture development community (stakeholders) listening session was held on July 
8, 2008. The farmers listed the following impediments to profitability/growth: 

1. Rapidly rising cost of feed 
2. High energy costs 
3. Lack of alternative species 
4. Local shortages of seed for stocking/ higher cost than imported seed. 

The farmers also expressed interest in research/development on the following species: 
 1. Eel - good price and available in local rivers 
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 2. Mud (Mangrove) Crab - available in local rivers 
 3. Rabbitfish - well liked by the local market and fry available seasonally 
 4. Groupers - high value and potential market for seeds in Asia 
 5. Snakehead - very easy to grow, but aggressive to other fish 
 6. Catfish - bringing new species from Asia 
 7. Freshwater Shrimp - have had on-island before 
 8. Barramundi - would like to introduce to Guam. 
 
A SWOT analysis was conducted during the first week of December 2008. It has been 
written-up and incorporated into the draft aquaculture development plan.  
  
Objective 3: Review current and potential list of species available for aquaculture on 
Guam. 
We have obtained the historical records of the Guam Division of Aquatic and Wildlife 
Resources (DAWR) on which aquatic species have been imported in the past. While it has 
been determined that these records are incomplete, they are the basis on which import 
permits are issued on Guam. Clarification has been obtained on the procedures for 
obtaining import permits for new species, and some sense of which species may be 
considered possible and of which types of species will definitely be prohibited has been 
elicited from the DAWR. 
 
Objective 4: Review local and federal policies, regulations and permitting processes.  
The report on environmental regulations has been received, and it is currently being 
incorporated into the final draft of the development plan.  
 
Objective 5: Conduct an institutional analysis for public and private sector entities on 
Guam and potential partners located elsewhere. 
The institutional analysis is complete and has been incorporated into the draft aquaculture 
development plan.  
 
Objective 6: Review currently available economic incentives for aquaculture 
development on Guam . 
The review of economic incentives on Guam indicated that most had lapsed into lassitude 
over the last 30 years since aquaculture was a new and exciting economic development 
prospect for Guam.   
 
Objective 7: Suggest changes to the current regulatory and economic environment. 
We are currently debating the usefulness of suggesting changes that have a relatively low 
probability of being accepted and implemented as compared to a strategy of suggesting 
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changes that could be more easily advocated and possibly implemented locally. Once the 
strategy has been developed, the suggestions will be incorporated into the draft. 
 
Objective 8: Publish the results of objectives 1 to 7 as a CTSA/GADTC joint publication. 
A draft of the aquaculture development plan for Guam has been prepared and is in the 
final editing stage. Once the editing is complete, it will be sent to outside reviewers for 
comments.   
 
Objective 9: Make oral presentations of findings to concerned stakeholders and at 
aquaculture meetings/conferences. 
No progress to report. 
 
 

Work Planned  
Although the project has terminated, the plan is currently undergoing final editing. 
Publication expenses will be absorbed by the GADTC as part of its role within the 
University of Guam as the lead agency for aquaculture on Guam. 
 
 

Impacts 
There has been little change in the aquaculture industry on Guam since the mid-1990s 
when the production of marine shrimp was added to the local product mix. The Guam 
industry is aware of the vast changes in occurring elsewhere in the world and would like to 
bring new species and technology to the island. However, it is having trouble evaluating 
the economic feasibility of adapting these changes locally, and trouble seeing a path to 
modernize. This development plan should help to provide guidance to the industry and 
government in taking the next step forward. 
 
 

Publications, Manuscripts, or Papers Issued, Approved or 
Presented 
None to report. 
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Developing Bivalve Culture to Diversify 
and Position Hawaii as a Supplier of Safe, 
Premium Edible Shellfish Products, Years 
1 and 2 

 
 

General Information 
 
Reporting Period:  November 1, 2007 through May 1, 2009 (Year 1 Final Report, Year 2 

Progress Report) 
 
Funding Level Year  Amount 

   1  $40,342 
   2  $32,992 

   TOTAL  $73,334 
 
Participants Robert Howerton, Ph.D., Aquaculture Extension Specialist  

University of Hawaii Sea Grant  
 
Walter Ritte 
Ào ào O Na Loko I`a O Maui (The Maui Fishpond Association) 
Kihei, Maui, Hawaii 
 
Brian Goldstein, CEO 
Kona Bay Marine Resources, Honolulu, Hawaii 

 
Lynn Nakasone 
Food and Drug Branch, Hawaii State Department of Health (DOH) 
 
Noelani Lee   
KMH, LLP, Honolulu, Hawaii 
 
Dave Nesbit 
Goose Point Oysters, Inc., Willapa Bay, Washington 
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James Szyper, Ph.D., Extension Specialist 
Sea Grant College Program, University of Hawaii at Manoa 
 
David Cohen, Owner 
Aquatic Innovations, Honolulu, Hawaii 
 
Lori Nagatoshi 
DOH, Honolulu, Hawaii 
 
Hi'ilei Kawelo 
Paepae o He`eia (Friends of He`eia Fishpond), Kaneohe, Hawaii 
 
Keli'i Kotubetey 
Paepae o He`eia, (Friends of He`eia Fishpond), Kaneohe, Hawaii 
 
Allan Riggs, D.V.M. 
Aquaculture Development Program, Hawaii State Department of Agriculture 
 
Maria Haws, Ph.D., Associate Professor 
Pacific Aquaculture and Coastal Resources Center (PACRC) 
University of Hawaii at Hilo 
 
Leonard Young, Ph.D.    
Aquaculture Development Program, Hawaii State Department of Agriculture 

 
 

Objectives 
1. Determine which Hawaiian bivalve species represents the best potential for culture. 

Conduct preliminary spawning, hatchery, nursery and grow-out trials in a 
laboratory setting for three Hawaiian species determined as having the most 
potential. 

2. Determine whether permits can be obtained to culture established, non-native 
bivalves in open waters, and if successful, conduct grow out trials with these species 
in fishponds. 

3. Building on preliminary efforts, conduct a study to collect economic and market 
data for bivalves for mainland United States, Asia and Europe. 

4. Develop two pilot bivalve grow out sites on Moloka`i for use in demonstration 
growth trials and as possible future commercial grow out sites. 
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5. Technology transfer, including publication of hatchery and grow out manuals on 
Hawaiian bivalve culture. 

 

 

Anticipated Benefits 
This work hopes to address a selected set of the constraints now impeding edible bivalve 
culture in Hawaii, acknowledging that the constraints and requirements extend far beyond 
the key issues that this work addresses. However, if the primary constraints can be 
resolved, the current log-jam preventing edible bivalve culture may be overcome so that 
other secondary issues could then be considered.  

 

 

Work Progress and Principal Accomplishments 
Preliminary work:  A second meeting of the bivalve working group was held on April 16 
2008 at the Department of Health building.  In attendance were representatives from State 
of Hawaii Department of Health (DOH), private industry, the principal investigators, 
CTSA and the aquaculture development programs’ aquatic veterinarians.  In addition, 
there were two representatives from Hawaiian fishpond groups.  The DOH molluscan 
shellfish regulatory program has been limited in the past. The state does not have 
commercial production of edible bivalves, so the program has been responsible for only 
regulatory inspections of local shellfish distributors.  With the growing interest in reviving 
the local industry, DOH has two staff members being trained in shellfish sanitation issues.  
This meeting addressed working with state agencies responsible for shellfish sanitation to 
move towards a system for shellfish sanitation.  There is considerable cooperation from 
DOH in assisting with the revival in the bivalve industry.  It was stated that FDA is willing 
to help with the certification of a state laboratory to the specifications of the Interstate 
Shellfish Sanitation Committee guidelines by training DOH staff members.  Legal issues 
were also discussed, including inter-island transport of bivalve species and introduction of 
non-indigenous species.  One need which emerged is the development of biosecurity 
guidelines before the industry is revived to prevent problems experienced for other species 
cultured in Hawaii. 
 
A third meeting of the bivalve working group was held September 9, 2008 at the Hawaiian 
Learning Center at Keawanui fishpond on the island of Moloka`i.  Attending this meeting 
were a representative from State of Hawaii Department of Health (DOH), private industry, 
the principal investigators, the CTSA Director and the aquaculture development programs’ 
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aquatic technician.  Also in attendance were representatives from Hawaiian fishpond 
groups and a Moloka`i shrimp farmer.  Relevant issues addressed were shoreline 
certification, specifically four traditional Hawaiian fishponds, Keawanui, Kupeke, 
Kalokaeli and One` Ali`i.  These ponds were all visited by the meeting attendees to 
familiarize them with these potential shellfish grow-out areas.  Keawanui (shrimp) Farms 
was also toured, as they plan on culturing shellfish as well.  The DOH representative had 
recently been trained by EPA in the shoreline certification process, but plans on additional 
training in the near future.  Other issues addressed including recent changes in state law 
forbidding the importation of non-indigenous algae species.  These changes have stalled 
new hatchery trials at PACRC. 
 
Objective 1: Determine which Hawaiian bivalve species represents the best potential for 
culture.  Conduct preliminary spawning, hatchery, nursery and grow -out trials in a 
laboratory setting for three Hawaiian species determined as having the most potential.   
Field surveys were conducted on the islands of Moloka`i, Hawaii and Oahu to find sources 
of broodstock for the hatchery trials.  A summer intern sponsored by the UHH PIPES 
internship program spent two months on Moloka`i during June and July 2007 conducting 
surveys in Keawanui fishpond, other traditional Hawaiian fishponds and coastal areas. 
Very few live specimens were found although Crassostrea gigas shells were found in some 
areas.  Live Dendostrea sandvichensis (Hawaiian oyster, previously Ostrea sandvichensis) were 
found at several sites. Oral histories on bivalve presence, abundance and traditional use 
were also collected by the intern.  It appears that the abundance and distribution of all 
bivalves on Moloka`i have decreased significantly over the past generation to the point 
where very few can be found today.  
 
Surveys were then conducted at the He`eia fishpond in Kane`ohe and adjacent areas within 
the bay.  Abundant numbers of D. sandvichensis were found.  These were collected for use 
as broodstock (Co-PI and PI have a collection permit) in March and April 2008.  Several 
clam species were also collected, including Trapezium sp., which is reported to have been 
harvested extensively for food in Kane`ohe Bay. 
 
Live Crassostrea gigas were also found in He`iea fishpond.  Some of these were collected to 
assess gonad condition, but they were not used as broodstock, because the purpose of this 
work is to develop native species.  Both C. gigas and D. sandvichenis gonads were ripe or 
partially ripe at the first collection date (March 1, 2008) but were less so during the second 
collection date (April 15, 2008).  This suggests that the natural spawning season in 
Kane`ohe and probably for much of Hawaii occurs early in the year, perhaps starting in 
January or February as water temperatures begin to rise.  During both collections, water 
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temperature at low tide in the pond was 28°-29° C.  This natural spawning season can be 
taken advantage of in the future to avoid having to condition the broodstock. 
 
Four spawning trials have been conducted to date with the Hawaiian Oyster.  Standard 
spawning induction methods were used (i.e., chilling followed by water heating to 31° C).  
Spawning trials first revealed that D. sandvichensis is viviparous, i.e., live larvae are 
sequestered within the female’s body and are released upon spawning induction.  This is 
typical for oysters in the Ostrea group, including the primary oyster culture species in 
Europe, the European Flat Oyster, Ostrea edulis and the native Washington State oyster, O. 
lurida.  Other oysters such as C. gigas and C. virginica, the major oyster species cultured in 
the U.S. and much of Asia, are oviparous, i.e., eggs and sperm are released into the water 
column where fertilization occurs.  The viviparous nature of the Hawaiian oyster has both 
advantages and disadvantages.  One advantage is that because larvae are released at a later 
developmental stage, less time would be spent culturing them in the hatchery.  One 
disadvantage is that viviparous bivalves generally have a lower fecundity rate, i.e., fewer 
larvae are produced per female, although the final production rate at metamorphosis may 
prove to be the same.   
 
During spawning trial one, 80,000 larvae were obtained.  These ranged in size from 130-150 
µ DVM (dorsal-ventral measurement).  Developmental stage was D-stage.  At week one 
after spawning, 30,000 had survived and were put into a settling tank in preparation for 
expected metamorphosis.  None survived to the spat stage.  For spawning trial two, 30,000 
larvae were obtained, but none survived to the settling stage.  In spawning trial three, no 
larvae were obtained.  Post -spawning examination for trials two and three revealed that the 
gonad condition was less ripe than for trial one, and in the case of trial three, very few ripe 
gonads were found among the broodstock.  This indicates that the natural spawning season 
was probably past, hence the need for conditioning.  One spawning attempt was made 
with the Trapezium clams at the same time that spawning trial three took place.  No larvae 
were obtained.  Gonads were also shown to be depleted upon post-spawning examination. 
 
Conditioning trials began in early May 2008 to determine if D. sandvichensis can be 
conditioned.  This would allow spawning to take place at times other than the natural 
spawning season.  Methods for conditioning O. edulis are being followed.  Broodstock are 
being held at 21°-22° C with a diet of three microalgae species (Isochrysis, Tetraselmis and 
Chaetoceras) supplemented with preserved microalgae “Shellfish Diet” obtained from Reed 
Mariculture, which contains Isochrysis, Tetraselmis, Thalassiorsira weissflogii and 
Nannochloropsis.  Water temperatures will be increased 1°-2° C per week during the last two 
weeks of the conditioning period.  Spawning induction will be conducted as before.  The 
clams are also being conditioned for spawning. 
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There were  fifteen spawning runs of the Hawaiian Oyster (Dendrostrea sandvicensis) in 
2009.  Each spawn produced between 10-50,000 larvae.  There was successful settling of 
spat on three of the spawning events.  Conditioning trials were also carried out with the 
Hawaiian clams (Tellina palatum) with no successful spawns to date. It should be noted that 
D. sandvichensis and the clams were both sampled to determine whether flesh quality was 
good.  For both species, flesh quality and flavor were good, thus justifying future work to 
develop these species for aquaculture. 
 
One indigenous oyster species, the Hawaiian oyster Dendostrea sandvichenis, was used in 
the first hatchery trials.  Trapezium clams were also tested.  The next candidate for trials is 
the pen shell, which yields valuable adductor muscle, very similar to scallop. 
 
Hatchery trials have been temporarily suspended until state rules and regulations 
concerning importation of non-indigenous algae species are resolved. 
 
Objective 2: Determine whether permits can be obtained to culture established, non-
native bivalves in open waters, and if successful, conduct grow out trials with these 
species in fishponds. 
A number of bivalve species have been introduced to the State since the early 1800s and 
have become established, although they are not particularly common.  The species of 
interest to several industry participants are C. gigas (Japanese oyster), C. virginica 
(American oyster) and C. sikamea (Kumamoto oyster).  The latter is of particular interest 
due to its popularity on the mainland U.S. and its higher price.  Although Kumamoto 
oysters are rather small in size (~2 inches upon harvest), they are valued for their superior 
taste and appearance for a half-shell product (the highest value oyster product).  One 
reason D. sandvichensis was chosen as a priority species for development in Hawaii was 
that its similarity to the Kumamoto might lead to it being a substitute for this species, 
which has a high market value. 
 
There is considerable cooperation from the DOH in assisting with the revival in the bivalve 
industry.  It was stated in the Shellfish Working Group meeting that the FDA is willing to 
help with the certification of a state laboratory to the specifications of the Interstate 
Shellfish Sanitation Committee (ISSC) guidelines.  A member of the DOH staff has gone 
through a preliminary training session with FDA on the shoreline certification process.  
Follow up training with the FDA is to be continued in the near future.  The DOH staff 
member attended the recent Bivalve Working Group meeting on Moloka`i and has 
familiarized herself with the proposed grow out sites.  She has also visited He`eia fishpond 
on O`ahu.  Moreover, in early 2009, the FDA will send someone to inspect the DOH lab and 
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begin the certification process as specified by ISSC guidelines.  The FDA also plans to 
inspect the DOH lab in early 2009. 
 
One issue which remained unclear was whether any of the introduced, established species 
could be cultured in Hawaii.  Alton Misaka of the DLNR was contacted to provide expert 
advice on this.  During a telephone interview on May 1, 2008, he provided the following 
information: 

First, for importation or transportation within the state, a permit from the 
Department of Aquatic Resources (DAR) is needed.  Various lists that the 
DAR uses to classify organisms according to their permitted uses at can be 
found at http://hawaii.gov/hdoa/pi/pq/lists.  All species of Crassostrea and 
Ostrea are on the conditionally approved list, i.e., they can be imported or 
transported within the State with a permit and this importation is not 
necessarily limited to researchers.   

 
An aquaculture facility permit issued by DAR is also needed.  According to Misaka, both C. 
gigas and C. virginica are “regulated,” i.e., a permit is required to take, hold, possess, etc. 
(this probably was originally due to concerns about human health, and at one time, there 
was a season for oyster collection).  Ironically, C. sikamea is not regulated, so in theory, a 
facility permit to hold C. sikamea is unneeded.  Misaka suggested that requesting a permit 
for the entire Crassostrea genus, if only to work with one species within the genus, would be 
best, because if someone were to inspect the site, and could not identify to the species level, 
there could be problems.  The person taking the responsibility for compliance with the 
regulations is the applicant.  The permit might be limited to holding and possessing (not 
allowing sale or consumption) until the DOH has finalized classification of the growing 
areas. 
 
Because C. gigas and C. virginica have been permitted in the past, it may not be that difficult 
to obtain a facilities permit. C. sikamea can be imported, and obtaining a permit to culture 
species within the Crassostrea genus may be less problematic than suspected, but sales of 
these species would still be contingent on the DOH classifying the growing grounds as 
“approved” or “conditionally approved” prior to sale.  The latter would also apply to 
culture of any native biva lve species. 
 
All identified grow-out sites, including PACRC, have received DOA PQ-7 permits (Permit 
Application for Restricted Commodities into Hawaii).  The species included on the 
application are Crassostrea gigas, C. sikamea, Tapes semidecussata and the Hawaiian oyster, 
Dendostrea sandvichenis. 
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Objective 3: Building on preliminary efforts, conduct a study to collect economic and 
market data for bivalves for Mainland U.S., Asia and Europe. 
In preparation at the time of this report.   
 
Objective 4: Develop two pilot bivalve grow out sites on Moloka`i for use in 
demonstration growth trials and as possible future commercial grow out sites. 
Preliminary site surveys were conducted on Moloka`i by the PI and a representative from 
Goose Point Oysters, Inc.  Four Hawaiian fishponds were identified as potential sites for 
use in growth trials.  In addition, He`eia fishpond on Oahu was found to be a suitable site 
for growth trials.  The confirmed sites to be used for bivalve growth trials include 
Keawanui fishpond (Hawaiian Learning Center), Kalokoele and One` Ali`i fishponds (Ka 
Honua Momona Intl.), Kupeke fishpond (Keawanui Farms) and Keawanui Shrimp Farm.  
He`eia fishpond (Paepae O He`eia) on Oahu will also be used.  Additional possible sites 
include Ualapu`e fishpond and Honouliwai fishpond on Moloka`i.  There is also interest 
from Mainland groups in starting bivalve hatcheries in Hawaii if suitable sites can be 
found.  The co-PIs are working with these groups on that initiative as well.  
 
Objective 5: Technology transfer, including publication of hatchery and grow out 
manuals on Hawaiian bivalve culture. 
Training fishpond operators in grow-out technology began in December 2008 after the 
transfer of oyster and clam spat to sites on Moloka`i and Oahu.  Training is occurring at the 
PACRC hatchery for students, including two Pacific Island students and four UH-Hilo 
students, who all plan to work in aquaculture in either Hawaii or the Pacific region.  
Requirements to comply with shellfish sanitation guidelines was a topic of discussion in 
the third bivalve working group meeting held September 9, 2009 on Moloka`i.  
 
 

Work Planned 
Year 2 activities consist of distributing more spat and monitoring growth and mortalities at 
the four demonstration sites.  Hatchery work will continue on indigenous bivalve species.  
If successful, indigenous spat will also be stocked.  
 
 

Impacts 
A workshop will be held with all cooperators participating.  Spat were put in mesh bags 
and animals are being monitored for growth and mortalities.  Water quality parameters are 
also being measured.  If successful, a large sector of the commercial aquaculture landscape 
currently missing, bivalves, could develop into a significant part of the industry.  
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Numerous existing aquaculture producers could supplement income and increase 
production and many more aquaculture operations could be developed. 
 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
 “Developing a Community-Based Shellfish Industry for Hawaii”. Presentation at Int. 

Conference on Shellfish Restoration. Nov. 22, 2008. Charleston, S.C. 
“Developing a Bivalve Industry for Hawaii”. Presentation at Hawaii Aquaculture 

Association Conference.  July 9, 2009. Kapiolani Community College, Honolulu, HI. 
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General Information 
 
Project Period April 1, 2008 to March 31, 2009; no-cost extension to July 31, 2009 

(Project Termination Report). 
 
Funding Level $17,000 
 
Participants  Yuanan Lu, Ph.D., Professor 
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Huifen Dong, Ph.D., Professor 
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Wei Yan, Ph.D. candidate in fish diseases and immunology 

 
 

Objectives 
1. Establishment of primary cell cultures from Pacific threadfin (Moi) for use in the 

isolation and early detection of pathogenic viruses of moi and other marine species. 

2. Subcultivation and characteristics of established moi cell cultures in vitro including 
optimal growth condition, viral susceptibility, and other biological properties. 
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Work Progress and Principal Accomplishments 
Objective 1: Establishment of primary cell cultures from Pacific threadfin (Moi) for use 
in the isolation and early detection of pathogenic viruses of moi and other marine 
species. 

In order to establish primary cell culture from moi species, five trials were performed 
between April 1, 2008 to July 31, 2009.  In these experimental tests, different sizes of moi 
fish ranging from small fry to juvenile fishes were employed. A total of eight different moi 
organs/tissues including heart, kidney, spleen, liver, gonad, muscle, snout and fins were 
tested for the potential to grow in vitro condition.  These moi tissues/organs were 
aseptically harvested and pooled using sterile dissection scissors and forceps by following 
the standard primary cell culture protocol established in this laboratory. In particular, 
target tissues and organs were maintained in antibiotic incubation medium (AIM) for six 
hours with 1-2 times medium change to ensure there was no microbial contamination. 
Minced organ/tissue explants were then transferred into Primaria-brand tissue culture 
flasks to allow primary cell growth. In order to establish an optimized growth condition for 
moi cells, we have compared medium L15 with Medium 199 and RPMI1640 - a medium 
used for the successful establishment of Hawaiian monk seal and green sea turtle cell lines, 
for their efficiency in support primary growth of moi cells.  Also we have compared two 
incubation temperatures, 20 and 25°C, for optimized moi cell growth. Based on these five 
trial tests, we have observed moi cells emerging from the seeded tissue/organ explants. 
Under the established laboratory conditions, we have demonstrated the primary cell 
growth at day three for fins, day five for gonad and snout, and day eight for heart, spleen 
and body muscle (Figure 1A). However, there is no cell growth from kidney and liver. 
Comparative studies have shown that primary moi cells grow much better in medium L15 
supplemented with 20% FBS at 25°C. 
 
Objective 2: Subcultivation and characteristics of established moi cell cultures in vitro 
including optimal growth condition, viral susceptibility, and other biological properties. 
Once the primary cultures of moi cells began to form regional monolayer or to get sick, 
subcultivation of these cells were performed between day 7-14 using trypsin-versene 
solution by following established laboratory protocols. Newly harvested moi cells were 
transferred to clean culture flasks with 50% fresh medium. Dislodged tissue/organ explants 
if any were reseeded into new cell culture flasks for attachment and cell growth. We were 
able to subculture cells from fins, gonad, snout and spleens. Primary cultures of moi heart 
and muscle cells were not successfully subcultured due to low number of cells and 
extremely slow growth pattern. Gonad and spleen cells did not survive for five passages 
and each time when these cells were subcultured, many dead cells were observed. 
However, we have been able to subculture moi fin and snout cells successfully and today 
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these cells have been subcultured more than 13 times. Morphological examination of these 
cells revealed that moi fin cells are more spindle-shaped while moi snout cells are more 
epithelial in shape (Figure 1B).  These moi cells in general are found to grow very slowly. It 
is anticipated that these moi cells will grow better with time since they will adapt 
themselves to in vitro culture conditions. So far, we have successfully preserved some 
aliquots of moi fin and snout cells in vapor-phase liquid nitrogen for use in future 
characterization and virus isolation.  Once these cells are propagated well in vitro and 
reach large numbers, they will be fully characterized in terms of optimal growth conditions 
(type of medium, growth factors, incubation temperature, CO2 content), chromosomal 
number, and susceptibility to different fish viruses. We have also tested a couple of cell 
growth factors for their enhancement of moi cell growth, including epidermal growth 
factor (EGF) and fibroblastic growth factor (FGF) commonly used for enhanced primary 
fish cell cultures, and found these factors have a very limited effect on moi cells. 
 

 
1A 

 
1B 

 
Figure 1. Microphotographs of moi cell cultures. A) showing growing cells emerged from 
the edges of a minced moi tissue explant (gonad) at day 6, and B) showing cell monolayer 
of subcultured moi cells at passage 9 (original magnification: 100x). 
 
 

Impacts 
Pathogenic viruses have been known as a major threat to World Aquaculture and viral 
infection can often cause 100% mortality of affected marine species, leading to huge 
economic losses. In addition, current treatment for viral diseases is very ineffective and 
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there are very limited drugs or chemicals currently available for combating pathogenic 
viruses.  Therefore, the best way to control viral diseases of marine aquaculture is to have 
an effective method for early detection of viral pathogens, and to prevent the introduction 
of the pathogens into aquaculture regions. Cell cultures derived from Moi represent the 
best biological diagnostic system for monitoring moi viruses or other marine viruses, and 
such cell culture system is currently not available in Hawaii or elsewhere in the world. The 
lack of appropriate cell culture systems will hinder the development of preventive 
strategies for viral diseases and the inspection of batches of juvenile fish for health 
classification. Therefore, moi cell lines established from this study can serve as a very 
sensitive biological tool for detection/diagnostic study for moi viruses, and will also be 
crucially important and necessary for the viral disease prevention and control program and 
the success of threadfin aquaculture in Hawaii and the Pacific. These moi cells will be 
employed as a sensitive biological tool to provide initial diagnostic virology service for 
Hawaii threadfin farmers to screen and test threadfin cultured in Hawaii for viruses, and to 
enhance viral disease management for moi aquaculture in future. Therefore, these newly 
established moi cell cultures will be extremely valuable and also an essential part for the 
successful development of moi aquaculture in Hawaii and worldwide. 
 
 

Recommended Follow-Up Activities 
Although the present study has established in vitro laboratory conditions for primary 
cultivation of moi cells and successful moi cell growth from several selected tissues and 
organs, it is essential to test and establish optimized condition for successful cultivation of 
moi cells. In order to make better use of the two newly established cell cultures (fins and 
snout) from moi for viral isolation and the related study, these cultures need to be fully 
characterized in terms of their optimized growth condition in vitro, such as their 
requirement for FBS, optimal growth temperature, cell culture media, etcetera.  Stability of 
these moi cells in liquid nitrogen storage also needs to be tested and their plating efficiency 
will be determined.  In addition, these two cell lines should be analyzed for their 
chromosomal karatyping, and their susceptibility to some other fish viruses will be tested 
and evaluated. All these tests are essential for an improved understanding of these new cell 
lines and their potential use in detecting and diagnosing viral pathogens in this and other 
marine species. 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
None to report. 
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Objectives 
Year 1 

1. To establish a tilapia quarantine and project working area at the UHH aquaculture 
program facility. 

2. To obtain permits and import: 

a. fingerling blue tilapia, Oreochromis aureus (a state-permitted species on list B: 
permitted for commerce) from a suitable commercial farm source that will 
guarantee disease free stock. 

b. fingerling Nile tilapia, Oreochromis niloticus (recently approved for list A: 
restricted, research) from a similar commercial source. 

3. To quarantine the imported stocks (both species, if permits are granted) pending 
examination, and to obtain certification of disease free status by the state fish health 
management program.  

4. To grow and mature breeding stocks from the imported population(s), both species 
if permits are granted.  

5. To produce offspring from the new breeder stocks of O. aureus, and to use them to 
institute a breeding management program. 

6. To obtain three existing commercial tilapia stocks from within the state, and to 
perform the first growth comparison trial between in-state and imported stocks 
(both species if permits are granted).  

7. To characterize the imported (both species) and comparison stocks for genetic 
identification by microsatellite DNA markers.  

8. To communicate the first year’s results (broodstock management protocols, growth 
comparisons, draft of good management practices) in public workshops and in 
widely accessible written materials. 

 
Year 2 

1. To complete the first growth comparison trials, begun during Year 1 (Objective no. 
6), with extension to approx. 400 g final fish size.   Also to send fingerling O. aureus 
to Oahu for comparison trials there.  

2. To obtain at least two additional in-state stocks and to perform further experimental 
comparisons of growth potential.  
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3. To distribute fingerlings of imported O. aureus stocks (O. niloticus is not permitted 
for distribution) to interested businesses for on site testing, under terms to be 
established with community input, avoiding interference with markets.  

4. To integrate the work on importation, quarantine, growth comparisons and stock 
maintenance protocols, into a manual of Best Management Practices, and to offer 
public workshops including this information during the last half year of the project.  

 

 

Principal Accomplishments 
Year 1 

Objective 1: To establish a tilapia quarantine and project working area at the UHH 
aquaculture program facility.  

 We established a tilapia project working area at the farm, including shared space in the 
laboratory and greenhouse, and outfitted four outdoor tanks of 5.5 m (18 ft) diameter with 
shade cloth covers for moderation of temperature cycles, supported by pipe frames of 
geodesic dome design.  We built four floating net pens for use within the tanks for keeping 
separate groups of fish.  This facility was informally examined by members of the UHM 
Institutional Animal Care and Use Committee (IACUC) during a Big Island visit; they 
commented that the facility looked good and appropriate.  Student assistants from UHH 
were hired and trained in maintenance and record-keeping. 
 
Objective 2: To obtain permits and import: 
 a. fingerling blue tilapia, Oreochromis aureus (a state-permitted species on list B: 
 permitted for commerce) from a suitable commercial farm source that will guarantee 
 disease free stock. 
 
We obtained a state import permit for juvenile blue tilapia Oreochromis aureus, and 
imported a stock of about 750 juveniles of about 5 g weight from a fish farm in Florida.  We 
chose to work with O. aureus because it is a long standing good choice for culture, but more 
importantly because it is specifically permitted for importation in Hawaii, thus raising no 
impediment to progress of the work.  At present, however, there is little interest in or 
demand for this species in the U.S., and it is now somewhat rare.   Most hatcheries and 
production facilities are focused either on pure O. niloticus, the world's preferred and best-
researched species, or on a few particular hybrids. We encountered some difficulty in 
arranging a shipment.  The first supplier arranged was unable to perform after some delay; 
another was found and the successful shipment made. 
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 b. fingerling Nile tilapia, Oreochromis niloticus (approved in 2006 for list A: restricted, 
 research) from a similar commercial source. 
 
We prepared and submitted a permit application for importation of O. niloticus.  State 
action on this permit application was long-delayed, as described elsewhere in this report.  
The permit was finally issued, and a stock of juvenile O. niloticus was brought in during 
April and June 2009, near the end of the project period. 

 
Objective 3: To quarantine the imported stocks (both species, if permits are granted) 
pending examination, and to obtain certification of disease free status by the state fish 
health management program. 
We submitted and had approved a required animal care protocol to the appropriate UH 
organization (IACUC).  The time required for revision of the protocol in response to 
numerous requests for change created minor delay in ordering the fish from out of state. 
The stock was quarantined at the UHH farm in the facility described above.  A disease 
screening program was devised in collaboration with the state Aquaculture Development 
Program Disease Prevention Laboratory, as specified in the project proposal.  A sample of 
22 fish was shipped alive to the program laboratory at the Anuenue Fisheries Research 
Center at Sand Island, Oahu.  All fish arrived alive, were examined alive, and then 
sacrificed for various analyses.  The report of results closes with a statement that ".. it is our 
assessment that these representative fish are free of clinical disease" (see full letter in 
Appendix).  
 
Objective 4: To grow and mature breeding stocks from the imported population(s), both 
species if permits are granted. 
The O. aureus stock suffered little mortality, and showed increases in weight at 
approximately monthly sampling intervals.  Growth rates were slow compared with our 
expectations because of the cool well water (21-22 oC) in the refurbished UHH facility.  The 
tank coverings were intended to exclude predators and pests and to modify extremes of 
daily temperature cycles.  They are effective for this purpose but exclude some solar heat 
input, that is, they have a cooling effect.  Also, the winter and spring in Hilo were also 
unusually cool.  Summer temperatures were normal, and the original stock of O. aureus 
grew to the age and size of first reproduction by August, which in this case was between 
100 and 200 g/fish. 

 
Objective 5: To produce offspring from the new breeder stocks of O. aureus, and to use 
them to institute a breeding management program. 
We divided the stock among three 18 ft diameter (5.5 m) cylindrical plastic outdoor tanks.  
All three groups had begun to produce fry by the end of project Year 1.  Fry from the three 
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groups were to be kept as families which will be cross bred and assessed for genetic change 
during Year 2 as part of the breeding demonstration program.   No further progress was 
made on this objective, except that one set of such offspring was sampled for genetic 
analysis. 
 
Objective 6: To obtain three existing commercial tilapia stocks from within the state, and 
to perform the first growth comparison trial between in-state and imported stocks (both 
species if permits are granted).  

 Several potential commercial stocks were identified and collaborative work has begun to be 
arranged for the proposed growth comparisons, which will begin early in Year 2.  This item 
was delayed by the initial slow growth and later fry production by the blue tilapia stock. 
 
Objective 7: To characterize the imported (both species) and comparison stocks for 
genetic identification by microsatellite DNA markers.  
Support was established for a UHH graduate student in working-group member C. Muir's 
laboratory at UHH.  Supplies were ordered in support of the collaborative work (genetic 
characterization of fish stocks) with this lab, and arrangements and accounts for analytical 
services at UHM have been established.    
 
Initial work established methods and markers in the O. aureus stock that are useful for 
comparison of the original stock to later generations and to other stocks. The long-held 
stock of tilapia at the UHH farm (an unspecified hybrid of Oreochromis species, long inbred) 
was sampled for analysis by taking small fin clips from 30 individuals, all of which 
survived and were   returned to the population.  This stock was then eliminated from the 
farm, mainly by donation to interested parties, to preclude unintentional hybridization 
with the new stocks.  This was done before the importation of the new O. aureus stock.  
Similarly, 30 of the O. aureus stock were sampled by fin clipping; all survived and were 
returned to the population.  
  
Nuclear DNA was extracted from each individual's tissue and sent for analysis of several   
microsatellite loci using labeled primers and a Beckman CEQ-8000 sequencer.  All 30 of the 
O. aureus are homozygous at two of the microsatellite loci examined with two of the several 
primer sets developed for tilapia by Dr. Thomas Kocher.  Samples from two individual fish 
were sequenced for one of the loci and found to be monomorphic (indistinguishable), 
having an equal number of tandem repeats.  These results indicate a potentially useful 
degree of uniformity among the 30 individual fish sampled, and therefore a statistical 
indication of uniformity among the stock itself.  It cannot be known without sampling 
other stocks whether these analyses will permit ready distinction among stocks.  
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As a second approach to characterization/distinction, a 690 base pair region of 
mitochondrial DNA, locus cytochrome oxidase II (COII) was sequenced for ten individual 
fish from the old farm stock, and ten of the O. aureus stock.  Individuals of the two stocks 
uniformly differed at 41 sites (base pairs), and were identical at the remainder of the 690.  
This suggests, but does not confirm without further comparisons (done during Year 2), that 
this analysis will be effective for distinguishing stocks and populations. 

 
Objective 8: To communicate the first year’s results (broodstock management protocols, 
growth comparisons, draft of good management practices) in public workshops and in 
widely accessible written materials.  
The approved animal care protocol with the UHM IACUC will be part of the stock 
management protocols to be communicated.  No other progress has been made on this 
objective. 
 
Year 2 

Objective 1: To complete the first growth comparison trials, begun in Hawaii Year 1 
(Objective no. 6), with extension to approx. 400 g final fish size.   Also to send fingerling 
O. aureus to Oahu for comparison trials there.  
 
Objective 2: To obtain at least two additional in-state stocks and to perform further 
experimental comparisons of growth potential.  
We performed two growth comparison trials on Hawaii Island at the UHH aquaculture 
facility, and one on Oahu at the Windward CC facility.  These trials compared short-term 
growth performance of tilapia stocks obtained from farmers with that of this project's 
imported stock of blue tilapia, Oreochromis aureus, which we imported during Year 1.  The 
results of the growth comparison trials are detailed in Appendix B. These trials were 
conducted with the second-priority species for the project.  The O. aureus were named in 
the proposal and imported so that work could proceed if there were delays in obtaining a 
state importation permit for the first priority species, the Nile tilapia Oreochromis niloticus.   
 
The results of these experiments do not support the hypothesis that existing Hawaii farm 
stocks are characterized by suboptimal growth.  Three farm stocks grew equally or more 
rapidly than the imported O. aureus.  In general, growth rates of all of these juveniles were 
slow, regardless of stock origin, probably due to low water temperatures (< 24 oC).  
However, these brief results do not prove that no advantage can be gained for Hawaii 
business by use of stocks that have been bred and managed purposefully.  It remains 
possible that the improved strains of Nile tilapia, which outperform the unselected stocks 
of that species (Eknath et al. 1993, Ridha 2006), would do better here. 
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Later observations that were not part of formal experiments, on both Hawaii and Oahu 
Islands, discussed in Appendix B, showed that the O. aureus stock performed much better, 
exceeding earlier rates in experiments, and exceeding typical Hawaii production rates to 
the extent such can be characterized.  We hypothesize that the imported stock adapted to 
Hawaii conditions over the course of two years and two generations.   
   
We note also that the collaborating farmers are in general satisfied with the performance of 
their stocks, but would be open to trying stocks that might perform better.  Greater growth 
rates create the potential for greater profits by, among other things, reducing production 
costs associated with bringing batches of fish to a target market size, such as utilities and 
labor through time.  
 
Objective 3: To distribute fingerlings of imported O. aureus stocks (O. niloticus would 
not be permitted for distribution from the farm) to interested businesses for on site 
testing, under terms to be established with community input, avoiding interference with 
markets.  
We made and publicized an offer to the community, via email and U.S. mail to known and 
potentially interested tilapia growers, to distribute O. aureus stocks in March 2008.  Our 
stock at that time consisted mainly of about 1000 adult fish of 0.4 - 2 kg individual weight, 
and smaller numbers of juveniles, distributed among three outdoor cylindrical tanks of 5.5 
m diameter at the UHH farm.  We specified that the first 50 fish would be given free of 
charge to parties who met the necessary conditions for transfer of these state-permitted 
fish, and that those who wanted more would be charged a fair price to avoid undue market 
interference.  The conditions set by the state Health Management Program in concert with 
Hawaii Dept. of Agriculture Plant Quarantine branch, was that the recipient business 
would obtain an Intra-state Transfer Permit and have its site inspected by PQ.  These 
measures are part of a shared agreement to control stock transfers in an effort to minimize 
disease transmission.  
 
Several businesses originally expressed interest in the offer.  In the end, only one farm met 
the conditions, and received the entire remaining stock of O. aureus, with the exception of a 
few dozen juveniles to be retained in the possession of the UH Hilo aquaculture program 
for instructional purposes.   The receiving farm Friendly Aquaponics Inc. in Honokaa, 
Hawaii Island used the stock to begin their system development, and they represent a 
successful start up client business for the statewide aquaculture extension program. 
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Objective 4: To integrate the work on importation, quarantine, growth comparisons and 
stock maintenance protocols, into a manual of Best Management Practices, and to offer 
public workshops including this information during the last half year of the project.  
We have not been able to address this objective of integration of the various project 
activities into a synthesis of Best Management Practices.  This objective was a reasonable 
request of reviewers, and we agree that practical investigations of this sort should target 
such a product.  However, because the imported stock grew and reproduced slowly in the 
cold source water of the refurbished UHH farm, we produced only the F1 generation of 
offspring, and could not examine further generations for effects of inbreeding and drift, or 
lack of same, as originally projected.  Furthermore, because we do not have stocks of the 
priority species for improved production, protocols for management of the alternative 
species would be of limited commercial value.  Though the two species are closely related 
by taxonomists based on external characters, they differ significantly in the genetics of their 
reproduction, and might therefore show very different results of long-term breeder 
maintenance. 
 
The DNA analyses produced potentially valuable results, discussed in Appendix C.  The 
two techniques used are state-of-the art analyses capable of characterizing groups of fish 
and of distinguishing degrees of relationship among groups.  Micro-satellite analysis of 
nuclear DNA and sequencing of a selected subset of mitochondrial DNA showed that the 
imported stock was clearly distinguishable from the hybrid UHH farm stock that was held 
before and until this project began.  Also, the F1 offspring of the imported stock were 
clearly distinguished from the hybrid provided by a Hawaii Island farmer for growth trials.   
 
Notes on Importation of Nile Tilapia Stocks (Objective 2.b., Year 1) 
O. niloticus was approved by the state Board of Agriculture before the initiation of this 
project for list A: restricted, research.  Our permit application was submitted during Year 1.  
Following the listing approval by the Board of Agriculture, the regulating agency prepared 
a major revision of the complete listing of permitted and restricted species.  This revision 
was sent through a lengthy sequence of public hearings, followed by reflections among 
various government entities including the governor's office for review and signature, with 
some abnormal delays reported during the process.  We maintained contact and made 
frequent inquiries during this process, but could not affect its timing.  We arranged a 
supplier for Nile tilapia, research colleagues at the U. of Arizona. Working with the state 
aquatic animal health program (Dr. Allen Riggs), we had the stock screened for its health 
status in Arizona, and we communicated the negative test results to the Hawaii Dept. of 
Agriculture Plant Quarantine Branch.  The Board of Agriculture approved our permit 
application after these delays. 
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Our approval from the Hawaii Board of Agriculture for the import permit would have 
been the last step before issuance of a permit document, when a new complication 
intervened.  An unrelated court case concerning permits stopped issuance of new 
importation permits pending resolution of the state’s need to obtain Environmental 
Assessments for such actions.  The UH Manoa chancellor’s office worked with UH 
faculty and staff who were involved in pending permits to produce a standard and 
effective response to the requirements.  The permit was finally issued in March 2009. 
 
We received three shipments of juvenile Nile tilapia from the University of Arizona, on 
April 7 and 29, and June 12, 2009.  All were put up in the permit-required secure facility on 
the UH Hilo Panaewa Farm, which was developed by this project.  The fish (about 1000 in 
total number as permitted) are doing well.  Few mortalities were seen upon arrival, and 
very few since.  They began feeding promptly and have exhibited qualitatively good 
growth.  
 
We have not been able to compare their growth with that of the O. aureus stocks.  We noted 
that the O. niloticus growth was qualitatively impressive, particularly in light of the cold 
water temperatures on the facility (21-22 oC).  This growth rate was obviously much 
greater than the early growth of the O. aureus stocks; we suspect but do not know without 
controlled trials, whether it exceeds the later good growth rates of the O. aureus stocks.   
 
All project stocks have been turned over to the care of working group member Kevin 
Hopkins at UHH, as was proposed and offered for the early period after the completion of 
this project. PACRC and other members of the community hope to prepare and propose 
research activities using this stock. This project’s final accomplishment (the importation) 
creates the potential for development and utilization of this species for Hawaii’s industry. 
  
 
 

Impacts 
Circumstances described above prevented this project from working with its primary 
target species, the Nile tilapia.  The second-choice species, the blue tilapia, was obtained 
and used to pursue some of the original objectives, but not all were accomplished. 
 
The process required to obtain the stock of juvenile Nile tilapia at the end of the project 
provides potentially helpful information and experience for future attempts to bring new 
species to Hawaii’s aquaculture industry.  It is obvious, and previously understood in the 
community, that no such process can be expected to proceed rapidly.  Also, delays can go 
to extremes when events such as the environmental-assessment court case arise as 



2009 Annual Accomplishment Report 
 

 

 
132    Center for Tropical and Subtropical Aquaculture 

complications.  Those who attended the long series of state meetings and hearings have 
gained potentially valuable experience with the people and processes involved. 
 
Furthermore, the permit process and its resolution provides a precedent that may facilitate 
future permit applications, in that personnel in many quarters may be motivated to have 
the apparatus work better. 
 
In collaboration with the ADP Disease Management Program, we have established 
procedures for assessment and importation of tilapia stocks with proper quarantine and 
disease assessment procedures.  This spares our businesses the time and expense of 
developing the sequence of activities, which sequence in turn helps to prevent their 
suffering future losses to disease.   
 
The genetics work, while incomplete in terms of all proposed comparisons, provides a 
technical pathway and baseline of date for high-precision comparisons among tilapia 
stocks in Hawaii, or ones that may be brought to Hawaii.  This was done at some expense 
and spares this expense to future efforts.  The process was not applied to the late-received 
Nile tilapia stock, however. 
 
This project’s comparative observation of growth rates of various stocks has yielded results 
that are ambiguous.  The formal growth comparisons of young juveniles showed no 
advantage for the imported blue tilapia over three commercial stocks in use in the state, but 
these were very likely compromised by the initial slow-growth condition of the blue tilapia 
and the cold water at the UHH facility.  We were reminded that growth comparisons 
among stocks can be complicated by numerous factors, some subtle, and future formal 
comparisons should be vetted for planned attention to some, such as stock adaptation to 
new conditions and similar age after spawning.   
 
The blue tilapia stock later adapted to the warmer and perhaps otherwise better conditions 
at WCC on Oahu, and clearly (though not with experimental replication) outperformed one 
of the commercial stocks in growth rate approaching food size.  The impact of this is that 
farmers can hope for improved production from new, well-selected stocks under proper 
conditions. 
 
The industry now has a pathway to legal use of the Nile tilapia, though not necessarily a 
rapid one.  Clear experimental demonstration of the environmentally benign nature and 
good growth rates of Nile tilapia may be used to apply for a change in permit status for 
commercial use. 
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Recommended Follow-up Activities 
Farmers should take note that the import permitting and importation of the blue tilapia 
proceeded readily, and that the stock grew well later in this project.  New startups or 
existing farmers may consider this species. 
 
Research funding should be sought to 1) analyze the Nile tilapia stock by the same genetic 
analyses that were performed on the blue tilapia and Hawaii farm stocks, to establish a 
Nile tilapia baseline under these procedures, and for comparison with the other stocks; and 
2) perform basic salt- and temperature tolerance and carefully planned growth rate trials 
with the Nile tilapia stock to provide the data that the state permitting agencies may 
require for a future application for commercial permit status. 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented  
None to report. 
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Appendix A. Results of Disease Screening of Blue  
     Tilapia Stock 
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Appendix B.  Tilapia Growth Comparison Trials 
 
Overview.  Three growth comparison trials were done during this project.  All involved F1 
juvenile offspring of the project's imported stock of Oreochromis aureus.  It has been 
mentioned repeatedly in this and other project reports that this species served as the 
project's second-choice, "backup" organism.  The preferred species was the Nile tilapia O. 
niloticus, but importation was difficult.  O. aureus  was included in the project planning so 
that some work such as this could be done in the absence of a permitted importation of O. 
niloticus.  
  
O. niloticus had been approved for listing as Restricted A - Research by the state Board of 
Agriculture before the project began, but various administrative issues delayed the permit 
process.  
  
It has also been noted earlier that the imported stock of O. aureus grew and matured more 
slowly than had been expected, mainly because the UHH farm's new water supply, put 
into use shortly after initiation of this project, was quite cold for tilapia keeping in general.  
The necessity of tank maintenance by water flow-through kept the ambient temperature 
near and below 22 oC most of the time.  The imported stock grew slowly during its first 
year, maturing near individual weight near 300 g/fish, and producing fry by late August 
2006 following its arrival as small fingerlings in November 2005.  Once fry became 
available, the growth comparison trials were planned and carried out. 
  
The purpose of the trials was to provide a partial test of a hypothesis implied in the 
project's original rationale, namely that existing farm stocks of tilapias in Hawaii may have 
suboptimal growth rates because stocks have been allowed to drift and inbreed for years, 
without active on-farm management.  An earlier study (Szyper et al. 2000) discussed a 
survey of some Hawaii stocks and analysis of characteristics (not including growth) related 
to inbreeding and genetic drift. 
 
Summary Results.  The results of these experiments do not support a hypothesis that 
existing Hawaii farm stocks are characterized by suboptimal growth.  Three farm stocks 
grew equally or more rapidly than the imported O. aureus.  However, neither do these brief 
results establish that no advantage can be gained for Hawaii business by use of better 
stocks.  It remains possible that the improved strains of Nile tilapia, which outperform the 
unselected stocks of that species (Eknath et al. 1993, Ridha 2006), would do better here. 
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We note that our imported stock did not come with any claim to selective advantage in 
growth; rather the concept for comparison is that the stock is presented as a commercial-
farm-managed, presumably relatively pure strain that has not been subjected to the 
conditions of unmanaged propagation presumed for Hawaii in the hypothesis under 
discussion.  Furthermore, although the growth experiments were well conducted, the 
results may well have been compromised in part by the cold water conditions.  Despite the 
reputed relative cold tolerance of O. aureus , the temperatures were still low for tilapias in 
general. 
  
Two observations, discussed below, suggest that the imported stocks adapted to Hawaii 
conditions after a time, and then performed more normally, similar to general expectations 
and similar to an actively produced local farm stock.   
 
Trial Descriptions and Results   
Trials I and II were done at the UHH aquaculture facility at the agriculture farm in the 
Panaewa area near Hilo; trial III was done at Windward CC on Oahu by Clyde Tamaru and 
Kathleen McGovern-Hopkins.  All involved F1 juvenile offspring of the project's imported 
stock of Oreochromis aureus.  All consisted of a direct growth comparison of F1 generation 
fingerling juveniles of the imported stock, labeled UHHF1, with stocks obtained from 
collaborating local farmers, who are not identified here by name.  Table 1 (Appendix B) 
describes the conditions of the three trials.  Fish were fed approximately ad-lib amounts of 
feed (presumed by observation of leftovers), in one or two feedings per day.  Therefore, no 
estimates of FCR can be made.  Water quality was maintained by flow-through in tanks 
containing low biomass densities, with aeration provided. 
 
In Trial I, fry grew from about 0.2  to 0.6 g/fish during 30 days (Figure 1, Appendix B).  The 
UHHF1 fish began slightly heavier than farm stock A (FSA, a long-held stock of presumed 
O. aureus).  There was no significant difference between the two stock treatments in weight 
gained during the trial (P >> 0.05).  The mean growth rate of 0.014 g/fish/day is only 
marginally less than the 0.018 figure achieved by the "unselected" Nile tilapia fry grown at 
29 oC in Kuwait by Ridha (2006), in which study the "improved" strains grew 30-60% more 
rapidly.  Survival among the six tanks cohorts was highly variable, with a mean of 61%.  
Young fry in general suffer greater mortality than older juveniles, and a few were lost 
during weekly weigh ins and tank transfers. 
 
In Trial II, stock UHHF1 and farm stock B (FSB, a long-held stock that resembled O. aureus, 
from a different farmer, ) began at about 5 g/fish, and grew scarcely at all (making up small 
losses during the first two weeks) during 35 days, in four of the same six tanks used for 
Trial I, under nearly-identical conditions (Figure 2, Appendix A).  The fish reacted to feed 
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offered.  Average survival was 96%.  We have no explanation for these results other than 
the cold temperatures of 21-22 oC.  The UHHF1, held in a 3m diameter tank in the UHH 
greenhouse after the experiments, grew slowly during the subsequent months to 300g and 
more, but did not produce fry. 
 
In Trial III on Oahu, stock UHHF1 grew substantially more slowly than farm stock 
"Mokuleia," a hybrid resembling O. aureus, during a 65 day period in warmer water of 
about 25 oC, with both stocks beginning at a size of about 4 g/fish.  UHHF1 fingerlings 
grew at a rate of 0.067 g/fish/day, while the Mokuleia fish grew at 0.30 g/fish/day, 
exceeding the warm water rate recorded in Kuwait by Ridha (2006) for "unselected" Nile 
tilapia (and again the selected strains well exceeded these rates).  Survival was high in Trial 
III as it was in Trial II. 
 
Trial III continued for 45 more days in the same tanks, with the UHHF1 growing more 
rapidly (0.62 g/fish/day), though still lagging the other group (1.09 g/fish/day).  This 
indicates adaptation by the UHHF1 to the warmer temperatures and/or other conditions.  It 
must also be noted that the fish began at larger individual weights for this period (7 and 20 
g/fish, respectively), that larger absolute daily gains are therefore to be expected, and that 
these results are no longer comparable to the cited warm water study of shorter duration.   
 
At the end of the replicated trial at 110 days, the 30 largest fish from each group were 
placed into separate larger tanks, and fed for 90 days more.   During this period, the 
UHHF1 grew nearly as rapidly as the Mokuleia fish, the rates being 1.22 and 1.26 
g/fish/day, respectively.  The complete 200 day trial period is represented in Figure 3. 
 
Conclusions. 
These trials, while they do not const itute an exhaustive test of the project's underlying 
hypothesis about Hawaii stocks, do deny that hypothesis by counterexample.  No farm 
stock grew more slowly than the imported stock, and in the Oahu experiment, much more 
rapidly at first, and equally in the later period.  However, because the imported stock was 
not of the world's preferred and most developed species, it remains possible, in fact likely, 
that Hawaii tilapia farmers would benefit from access to the selected strains of Nile tilapia 
that are referenced briefly in literature here.  These stocks perform in general 50% better, 
sometimes more so, than unselected Nile tilapia stocks.  The project hopes to import Nile 
tilapia before its expiration date, and the working group will consider arranging further 
growth comparisons outside this project. 
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Figure 1.  Growth of juvenile tilapia during Growth Trial I at the UH Hilo farm.  The 
project-imported stock (UHHf1) is represented by groups of fish held in three tanks (t17, 
t20, t21), the compared farmer's stock A (FSA) is represented by groups held in three tanks 
(t18, t19, t22). 
 

 
 
 

Tilapia Growth Trial 1

0.00

0.20

0.40

0.60

10/16 10/21 10/26 10/31 11/5 11/10 11/15

Date  2006

M
ea

n
 In

d
iv

id
u

al
 W

ei
g

h
t 

 g
/fi

sh

UHHF1t17
UHHF1t20

UHHF1t21
FSAt18

FSAt19

FSAt22



Commercial Tilapia Culture in Hawaii and the Pacific Region  
 

 

 
December 2009    139 

Figure 2.  Growth of juvenile tilapia during Growth Trial II at the UH Hilo farm.  The 
project-imported stock (UHHf1) is represented by groups of fish held in three tanks (t16, 
t17, t20), the compared farmer's stock B (FSB) is represented by groups held in three tanks 
(t15, t18, t19). 
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Figure 3.  Growth of juvenile tilapia during Growth Trial III at Windward CC on Oahu.  
The project-imported stock (UHHf1) is represented by groups of fish held in three tanks 
(combined and labeled BLUE), the compared farmer's stock is represented by groups held 
in three tanks (combined and labeled MOKULEIA). 
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Appendix C.  Tilapia Stock Identification and Comparison by DNA Analyses 
 
Overview.  One of this project's goals was to develop a broodstock management protocol to 
minimize potential effects of inbreeding and genetic drift during extended holding of fish 
derived from a single source.  This goal, possibly overly ambitious from the start, was 
compromised by the delays in permitting and importation of the first stock, and by the 
slow growth and reproduction of that stock.  Multiple generations of offspring were to be 
analyzed for genetic comparisons, but only the F1 generation has been produced. 
  
We have, however, established and conducted DNA analyses of four fish stocks: the 
imported stock of O. aureus, its first-generation offspring (F1), and two other tilapia stocks, 
one from a collaborating farmer (stock FSB as discussed re:  growth trials), and finally the 
long-held hybrid stock at the UHH farm, which was eliminated from the facility before the 
importation of the new stock.  The analyses were conducted by the laboratory of project 
working group member Cedric Muir of the UH Hilo Biology department.  Project funds 
supported materials, supplies and collaborating UH laboratory fees, as well as the stipend 
of graduate student Laura Crane, who participated in fish sampling and performed most of 
the UHH laboratory work.  Some of the text of this section is taken from reports and 
background provided by Muir and Crane, without specific attribution; the PI is nonetheless 
responsible for the substance of all statements in this report. 
  
The analyses completed to date constitute an original characterization and comparison of 
this set of stocks by these techniques.  We are discussing preparation of a journal article 
describing the results.  As noted, we still hope to import O. niloticus if we receive our state 
permit with sufficient time remaining in the project.   
 
Summary Results.  The results demonstrated, as would be expected, that these techniques 
readily distinguished the imported O. aureus stock from the old UHH farm stock.  
Similarly, the F1 offspring of the imported stock can clearly be distinguished collaborating 
farmer's stock FSB.  A comparison of the imported stock with its F1 offspring is in progress 
and will be completed by the end of the project.  The sampling and analytical techniques 
chosen and developed during this project have detected small differences among these 
stocks, which means that they would be effective in tracking changes in seed produced by 
long-held breeder groups, as originally envisioned for this project. 
  
The work of this project appears to be an original characterization for O. aureus; there are 
literature cases of similar work on O. niloticus.   
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Sampling and Analytical Methods.  DNA was extracted from small scissor clippings 
(approximate triangles about 5 mm on a side) from the caudal fins of anesthetized 
fingerling tilapias.  Samples were taken at the UHH farm; preparation of materials and 
analyses were performed at UHH and UHM laboratories.   
  
Two approaches were used for this work.  Micro-satellite analysis examines regions of an 
organism's chromosomal DNA (microsatellites) that appear not to be involved in coding 
for life processes, but rather contain repeated short sequences of nucleotide bases, which 
are annotated by the initials designating bases, for example "CA."  The number of repeats 
carried by an individual in a target region of its DNA is subject to mutation, and varies 
among individuals and groups of individuals.  Research has identified such regions of 
DNA strands likely to be useful for distinguishing relationship with particular organisms 
including tilapias.  The small amount of DNA contained in tissue samples is amplified 
(replicated to produce larger amounts for handling) by PCR, using primers (prepared DNA 
sequences) that direct the process to the proper regions.  The primers used for this work 
targeted known DNA regions that have been developed by others to distinguish 
differences among tilapia individuals and groups.   
  
The Year 1 Final Report (September 2006) of this project stated, "All 30 of the (originally 
imported) O. aureus are homozygous at two of the microsatellite loci examined with two of 
the several primer sets developed for tilapia by Dr. Thomas Kocher.  Samples from two 
individual fish were sequenced for one of the loci and found to be monomorphic 
(indistinguishable), having an equal number of tandem repeats.  These results indicate a 
potentially useful degree of uniformity among the 30 individual fish sampled, and 
therefore a statistical indication of uniformity among the stock itself.  It cannot be known 
without sampling other stocks whether these analyses will permit ready distinction among 
stocks."  However, this statement is conservative and useful capability to distinguish stocks 
is very likely.  As noted above, this stock was clearly distinguishable from the old (hybrid,  
very different) UHH stock in these terms.  
  
The second technique was sequencing a portion of mitochondrial DNA to look for 
differences among individuals and groups in single nucleotides along the sequence.  As 
with the other technique, PCR was used to amplify the targeted DNA sequence, in this case 
a locus labeled COII.  This locus has been used in hundreds of studies of fishes, including 
Nile tilapia.  From the Year 1 final report, "As a second approach to 
characterization/distinction, a 690 base pair region of mitochondrial DNA, locus 
cytochrome oxidase II (COII), was sequenced for 10 individual fish from the old farm stock, 
and 10 of the O. aureus stock.  Individuals of the two stocks uniformly differed at 41 sites 
(base pairs), and were identical at the remainder of the 690.  A similar clear distinction was 
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found between the F1 offspring of the imported stock and the (hybrid, very different) FSB.  
Comparison of the parental imported stock and the F1 offspring in terms of this analysis 
will be informative with regard to the statistical ability (and sampling necessities) for 
distinction among closely related stocks. 
 
Conclusions.  The collaboration with UHH for these analyses established effective 
sampling and analytical procedures to distinguish among tilapia stocks for purposes of this 
project.  Some of the results are original for the stocks used, and a journal publication is 
being planned.  This is a powerful set of techniques for both the project's stated purposes 
and others.  As noted, the project was limited by the slow progression of generations and 
by the delays in permitting for the primary target fish species. 
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Objectives 
1. To improve roundness rate by grafting techniques (Year 1).  

2. To reduce flaws by grafting techniques and husbandry methods (Years 1 and 2).  

3. To improve host’s survivorship by husbandry methods (Years 1 and 2).  

4. To transfer pearl aquaculture technology immediately to the Micronesian and other 
regions (Years 1, 2 and 3). 
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Anticipated Benefits 
Improving the quality of pearls is and has always been a primary objective in the pearl 
farming industry, where the price of a cultured pearl is determined by a combination of 
factors representing the pearl quality. The College of Micronesia Pearl Project previously 
conducted preliminary on-farm experiments to improve pearl quality by grafting 
technologies and related oyster culture techniques. This project has continued and built on 
those experiments, with the hopes of developing a sustainable hatchery-based pearl 
industry in the state of Pohnpei, and improving profitability of existing black pearl farming 
in the Pacific. 

Work Progress and Principal Accomplishments 
Objective 1:  To improve roundness rate by grafting techniques. 
Pearls from the preliminary circle-test were examined to determine their pearl quality.  
During the Year 1 project period, experiments were conducted using 1,200 oysters from 
each of the S10 and S7 family groups: 300 oysters, each with duplicates, for FNC-tests and 
an additional 600 oysters, which produced circled pearls from virgin harvest (the firsts) for 
circle-tests. The FNC-tests involved the sizes 2.0-Bu for S10 and 2.3-Bu for S7 of 
fibronectine-coated nuclei (FNC) and normal nuclei (non-FNC) for comparisons. The 
results from these Year 1 experiments were analyzed and completed during the Year 2 
period. “Bu” denotes the Japanese traditional unit of size and thus “2.0-Bu” is a 6.06 mm in 
diameter and “2.3-Bu” is 6.96 mm in diameter. FNC- ?® is a registered name of 
fibronectine-coated nuclei manufactured by Imai Seikaku Co. Ltd., Japan. Data taking of 
the post-grafting survivorship was carried out bi-monthly after the grafting operation at 
Pakin Atoll, 25 miles east of Pohnpei. There were four categories used to describe shape: 
round (R, less than 1/10 of diameter variation); semi-round (SR, more than 1/10 of diameter 
variation), drop (D, symmetric with single axis of rotation), and baroque (B, asymmetric 
and no axis of rotation) and they were graded using the following scale: A (high luster with 
less than 10% of confined surface flaw), B (high to medium luster with less than 1/3 of 
distributed surface flaw), C (high to medium luster more than 1/3 distributed surface flaw) 
and D (any luster with more than 2/3 of large amount of visible flaw). A “circled” pearl is 
defined here as a pearl with regular streaks or concave rings which are perpendicular to an 
axis of rotation (or ring direction) and occupy over 1/3 of the pearl’s surface. The results of 
pearl quality assessments for pearls harvested from the Year 1’s FNC-tests and non-FNC-
tests for S10 and S7 groups are incorporated in this report. Degree of quality improvement 
for changes in shape was rated using a numerical index: “+2”, “+1”, “0”, “-1” and “-2”, or 
“rounded”, “slightly improved”, “same as before”, “slightly deteriorated”,  and 
“deteriorated”, respectively.  
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In July and August 2008, 297 pearls (49.5 % pearl success rate excluding Keshi, the pearl 
without a nucleus) were harvested from the 472 oysters that survived from the original 600 
re-grafted oysters (78.7 % post-grafting survival rate). Both pearl success rate and post-
grafting survival rate were lower than in the preliminary results (63.8 % and 83.5 %, 
respectively). In Year 1, the roundness increased to 92.2 % and 34.9 % of pearls became 
completely rounded. The circle-test results again showed significant improvements in 
roundness among the “seconds” against the matched “firsts” (Appendix 3). The roundness 
increased to 91.6 % of all, in which 8.1 % of non-round pearls became completely rounded 
pearls. It also revealed the shape improvements, in which 37.5 % became completely 
rounded pearl from other shapes such as baroque, semi-round and drop (Appendix 4). 
From this study, FNC-tests did not show a significant difference in the shape of pearls 
against normal nuclei for S10 and S7 groups: the rounded pearls occupied 50.2 % (S7) – 50.8 
% (S10) for FNC and 51.1 % (S7) – 58.5 % (S10) for non-FNC; perfectly round pearls were 
2.9 % (S7) – 8.0 % (S10) for FNC and – 6.1 % (S7) – 10.1 % (S10) for non-FNC (Appendix 5).  
 
Objective 2: To reduce flaws by grafting techniques and husbandry methods. 
The Year 1 experiments on re-grafting for the circle- test (07-08C-test) used 300 oysters each 
of which had produced virgin pearls during the 2005-2007 pearl culture experiments. The 
nucleus sizes between 2.8-Bu (8.48 mm) o 4.3-Bu (13.03 mm) were used for the re-grafting. 
The size range for nuclei was selected randomly, as in previous experiments. The master 
grafting technician determined suitable sizes on-site. These re-grafted oysters were divided 
randomly into two 300-oyster groups for a duplicate. The Year 1 flaw reduction 
experiment, “circle-test”, resulted in 307 pearls. An additional 196 Keshi pearls were 
produced in June 2008 from 472 living oysters, out of the original 600 oysters which had 
produced “circled pearls” in 2007. Those matched 472 pearls were analyzed for pearl 
quality. In addition, 850 pearls produced from the chemical-coated nucleus FNC group 
(447 pearls) and normal nucleus non-FNC group (403 pearls) were assessed for pearl 
quality.  
 
The results of the circle-test were consistent with preliminary results, which showed 
significant improvements by reducing the circle marks among the “seconds”, compared to 
matching “firsts”. Among the matched pearls, 81.8 % of all pearls reduced the circle marks, 
and 23.9 % became pearls without a circle. On the contrary, the spot (flaw) presence was 
persistent again, passed down to the subsequent cultivations: 34.7 % were similar to the 
firsts, 48.9 % slightly increased (deteriorated) and only 12.1 % slightly decreased 
(improved). Degree of quality improvement for circle reduction, changes in shape and spot 
presence were rated using a numerical index. “+2”, “+1”, “0”, “-1” and “-2”, or “no circle or 
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rounded”, “slightly improved”, “same as before”, “slightly deteriorated”, and 
“deteriorated”, respectively (Appendices 3 and 4).   
 
It was concluded that the circled-pearl and the spotted pearl formations could be highly 
likely derived from different mechanisms (Ito, 2009, ms. in preparation). The results 
suggest that a majority of spots are passed down to the next generation. Differences in 
manifestations of circle marks and spots imply different formation mechanisms, although 
they are categorized as a flaw or blemish. This series of studies suggested that the majority 
of the circle marks could be formed during the first/virgin pearl formation because of the 
improvement results of the seconds (the re-grafted) compared to those from the firsts 
(virgin) in which the pearl sac needed to be newly formed. The spots, however, tend to be 
passed down to the pearls from the seconds implying different formation mechanisms (Ito, 
2009, ms. in preparation).   
 
Objective 3:  To improve host’s survivorship by husbandry methods. 
Grafting experiments utilizing virgin oysters were conducted for FNC-test (fibronectine 
coated nucleus) and non-FNC-test (non-chemical coated nucleus) in July 2008. A total of 
2,250 virgin oysters from the S10 (45-month-old) and S13 (31-month-old) groups were used. 
All of the oysters were produced from the COM/COM-FSM pearl hatchery project, and the 
date of fertilization, grow-out location and husbandry history were known. The donor 
oysters were selected from younger groups around 20 – 30 months old. For example, the 
S13 group supplied the mantle piece (graft). Post-husbandry culture was conducted by a 
chaplet, or “ear-hanging”, culture method, where ten oysters hang on each drop-rope in 1 
m intervals suspended from a surface line system. Pre-grafting conditioning of hosts and 
donors employed lantern-net culture (3mm square mesh, four oysters per net, three nets 
per drop-rope) for two months prior to the grafting operation. Duplications varied from 
300 oysters to 120 oysters because of availability of the hosts. Two different types of nuclei 
(FNC and non-FNC) with two different sizes 2.0-bu (6.06 mm) and 2.3-bu (6.96 mm) nuclei 
were used for the FNC-test. The size 2.3 nuclei were implanted in the S10 group and the 
size 2.0 nuclei were used for the S13 group. Two different post-husbandry methods were 
also compared for the S10 group with a size 2.3 nuclei for lantern net (Ln, 3 mm square 
mesh) and chaplet (Ct, 10-oysters per chaplet) during the first two months after the grafting 
operation. Those oysters in the lantern nets (Ln) were switched to the chaplet (Ct) two 
months after the grafting. All of the re-grafted groups for circle-tests were cultivated using 
the chaplet method. Bi-monthly data collection and farm maintenance work were 
continued over a 10-month period. For statistical analyses of the post -grafting 
survivorships, ANOVAs two-sample F-test for variances and T-test were used to 
determine the effects of the FNC-treated nucleus (FNC vs. non-FNC), nucleus sizes (2.0 vs. 
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2.3), source of hosts (S10 vs. S13, circle-test and others) and culture methods (Ln vs. Ct) 
(P>0.05).  
 
These Year 2 experiments completed bi-monthly monitoring in May 2009. Overall survival 
rates from the grafting to the tenth month were 70.2 % (S10FNC2.3Ln), 75.8 % 
(S10FNC2.3Ct), 83.0 % (S10FNC2.0Ct), 81.5 % (S13FNC2.0Ct) and 81.3 % (S13non-
FNC2.0Ct). Post -grafting survival rates for the re-grafted groups of 08-09C-test with S7 (the 
seconds), 08-09C-test with S10 (the seconds) and 07-08-09R-test (the thirds) were 85.2 %, 
84.8 % and 83.6 %, respectively (Appendix 6-1). Duplicated experiments showed that there 
was no significant difference (P>0.05) in the post-grafting survival rate over a 10 month 
period in all treatments between the oysters grafted with FNC and non-FNC, sizes 2.0 and 
2.3, and S10 and S13 groups and the circle reduction tests.  

 
As in the Year 1 experiments, all of the oysters overcame a post-grafting trauma during the 
first two months and became stabilized afterwards by maintaining a high survival rate 
between 90.7 – 99.5 % (Appendix 6-1-1). The first two-month survivorships of the Year 2 
(88.0 – 93.8) were better than those of the Year 1 (74.5 – 92.2 %) (Appendix 6-1-2).  Bi-
monthly fluctuation of survival rates of all experiments during the first four months were 
within the range at ± 10 % and became more stable at ± 5 % afterwards until harvesting 
(Appendix 6-2-1). The Year 2 operation was better in terms of the first two traumatic 
months (± 5 %) compared to the previous year (± 25 %) (Appendix 6-2-2). Considering the 
similar age groups in the two separate experiments, the boost could be attributed to 
improvements in post-grafting husbandry care by the local farmhands; i.e. S7 = 42 month-
old and S10 = 33 month-old as of August 2007, S10 = 45 month-old and S13 = 31 month-old 
as of June 2008. 
 
According to Akiyama et al. (1997) who experimented with the use of antibiotic 
(tetracycline hydrochloride, TC-HCl) coated nuclei for Pinctada fucata martensii, the survival 
rate of the antibiotic treated group (86.7 %) was higher than that of the control group (63.3 
%; inserted with untreated nuclei), and the effect of TC-HCl coating was also examined 
with large scale field experiments with higher survival rates than those of the control 
groups. On the other hand, Year 2 results again indicated that the chemical coated nucleus 
(FNC) did not have a significant effect on the post-grafting survivorship (81.5 % for 
S13FNC2.0Ct and 81.3 % for S13non-FNC2.0Ct). As described in the Year 1 report, without 
a significant difference, the post-grafting survivorships of FNC-tests from the Year 1 
experiments were 69.5 % for S10FNC, 70.8 % for S10non-FNC, 77.0 % for S7FNC and 76.5 % 
for S7non-FNC and previous year’s results from preliminary experiments were also 
similar: 78.6 % for FNC group and 78.4 % for non-FNC group. Thus, the chemical coated 
nuclei did not have a clear advantage against uncoated normal nuclei. It is not clear 
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whether the FNC-? ® contains antibiotic coating because the supplier only describes 
fibronectine as a coating substance, which functions as bonding substance of the animal 
cells and also found in human cells. However, the FNC-? ® highly likely contains antibiotic 
substance because of its yellowish color of the nucleus. Compared to the first grafting of 
virgin oysters (the firsts), it is commonly believed that the re-grafting (the seconds) shows 
better survival rate and pearl success rate or nucleus retention rate because a pearl sac is 
already formed at the time of re-grafting operation. The circle reduction tests from three 
consecutive years clearly showed higher survival rates in average than those of the firsts; 
e.g. 83.5 %, 78.7 % and 85.8 % from the results of the seconds in 2007, 2008 and 2009, 
respectively. Similarly, those of average pearl success rates of the circle tests were 63.8 %, 
49.5 % and 65.0 %, respectively (Appendix 6-3).    
 
Objective 4: To transfer pearl aquaculture technology immediately to the Micronesian 
and other regions.  
The local Micronesian staff has conducted preparation of harvesting and grafting 
operations, post-grafting farm maintenance work and data taking, and assisted the master 
grafting technician.  As stated in Objective 3, the first two-month survivorships of the Year 
2 were better than those of Year 1. Thus, the farmhand's quality work also contributes to 
improving post-grafting survivorship.   
 
During the early phase of Year 2, 20 local people from Pakin Atoll were involved in bi-
monthly farm maintenance work. Later, ten people from Nett village in Pohnpei were as 
well. Pakin Atoll Community Association (NGO) is in the process of establishing a 
community-owned commercial pearl farm. As the same in Year 1, these community people 
were provided the results of circle-test and FNC-tests for future commercial applications. 
Current farm trainees at Nett Point Farm in Pohnpei do not have experience in working on 
the harvesting and grafting operation. Therefore, the previous farm trainees have returned 
this year. They will pass their experience to the younger generation, who has worked on 
this project for less than a year. The master grafting technician also joins on-site supervision 
by providing practical knowledge on the farm maintenance work and pre-operation 
conditioning of the pearl oysters. Half-pearl seeding training for the Micronesians was also 
offered by the master grafting technician again this year without a cost, as well as a half-
pearl accessory making demonstration and workshop at Nett Point pearl hatchery and 
farm. During the Year 3 (extension) work, this project aims to create a training manual for 
emerging community-based pearl farming in Pohnpei, focusing more on the technical 
issues of pearl production and husbandry methods.   
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Impacts  
Assessment of pearl quality experiments on the “circle test” and the “FNC test” by re-
grafting and grafting operations will directly benefit the existing pearl industry by 
providing a scientific ground in farming management. The results from Year 1 and Year 2 
indicated that significant quality improvements in roundness and flaw (circle-marks) 
reduction were possible through on-farm approaches. A pearl farm’s productivity could be 
improved greatly by employing simple grafting operations, that is, re-considering using 
not only those oysters that produced superior quality virgin pearls for re-grafting (the 
second operation), but also those that produced circled pearls and irregular shaped non-
round pearls. Quality pearl production is possible not only by a skilled grafting technician, 
but also by skilled farmhands trained to complete complex tasks such as post-grafting 
husbandry methods. The proposed project is a part of process in understanding 
mechanisms of flaw formation, particularly so-called “circle” and/or “spot” marks, which 
are commonly found in a significantly large proportion (i.e. 60 % - 95 %) of total pearl 
production in Tahitian black pearl farming. The project’s results could shed the light on a 
mysterious phenomenon of the circle-pearl formation, as well as address the bottleneck for 
profitability in farming business.  
 
Full results of this project are yet to be obtained as the pearl quality assessments are 
ongoing.  However, results from Years 1 and 2 have provided significant findings on pearl 
quality improvement and pearl farm management issues. Pearl production has been 
dependent heavily on a performance of a grafting technician who decides, for example, 
which oysters are to be re-grafted for “the seconds”. So far, many oysters used in first 
graftings have been wasted without further pearl production; 40 – 50 % of oysters that did 
not produce virgin pearl were discarded. An additional 50 – 70 % oysters that produced 
pearls are usually discarded without a re-grafting (second) attempt because they produced 
pearls with flaws, particularly “circles” or “spots”, and irregular shapes. This has been a 
bottleneck for profitability in the farming business. It was apparent from this project’s 
results that there were significant quality improvements from the re-grafting operation. 
The circle reduction tests showed that a majority of oysters which had produced the circled 
pearls, irregular shaped or non-round pearls were able to produce rounded pearls and/or 
less-circled pearls after undergoing the re-grafting operation.  
 
Regarding the circle mark formation mechanism, the project’s findings indicated that the 
majority of the circle marks were highly likely formed during the first or virgin pearl 
formation, during the process of pearl sac formation.  Fang, et al. (2008) pointed out a 
model for the proliferation and differentiation of the mantle of Pinctada fucata: 1) there 
exists a proliferation ‘‘hot spot’’ in the outer epithelial cells of central zone and the 
proliferation ability decreases progressively from this ‘‘hot spot’’ towards the marginal 
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zone; 2) the whole mantle’s differentiation occurs continuously with its growth and the 
direction is from the proliferation ‘hot spot’ (central zone) towards the marginal zone; and 
3) the proliferation rate decreases from the center to the margin and the margin almost 
loses the ability to proliferate. On the other hand, a widely believed model by other 
researchers is that: 1) the mantle has numerous growth centers all over the mantle 
epithelium; and 2) it has the same proliferation activity throughout the whole mantle outer 
epithelial cells. A widely speculated mechanism of circle formation of the cultured pearls is 
that the circles are formed because the pearl rotates inside the pearl sac, and circled pearls 
are found more often in younger, muscular oysters. Years 1 and 2 of this project found, 
however, that all of the circle marks were directional, perpendicular to the axis of rotation, 
and parallel to each other. This would suggest that it is highly likely that an implanted 
piece of mantle tissue propagates directionally, so that the newly formed pearl sac would 
be a collective of directionally-formed epithelial cells. Thus, linear formations of groups of 
cells could have similar or the same functions in terms of nacre secretions, which develops 
into perfectly lined circle marks from perfectly aligned groups of cells (Ito, ms. in 
preparation). No sinuous or irregularly lined marks have been found among the circled 
pearls by the PI of this project, except for a few pearls with “90 degree crossed-circles”, 
doubled/overlapped-circles” and “diagonally crossed-circles” out of several thousands of 
pearls examined, all of which still showed perfectly “ringed” or linear forms. The PI’s 
proposed hypothesis for the circle formation mechanism could be appropriate to support 
Fang, et al. (2008) for a hypothetic model of proliferation and differentiation of the mantle.  
Thus, the circle marks were formed by groups of lined epithelial cells functioning with or 
without normal nacre secretion (Ito, ms. in preparation). Acosta-Salmon et al. (2004) 
reported that the outer epithelium cells of mantle tissue propagated rapidly to regenerate 
after a small portion of mantle was removed and nacre was secreted onto the pearl shell. 
Their report, however, did not explain clearly how the mantle tissue regenerations related 
to the pearl formation mechanism, particularly blemish or circle formation. Year 1 and Year 
2 results would shed light on a century old mystery of the circle-pearl formation 
mechanism, and contribute to the unification of current studies on mechanisms of the 
mantle epithelium cell proliferation in cell biology and gene-controlled nacre crystallization 
processes in bio-mineralization. 
 
Another finding from this project relates to difference of spot mark formation before and 
after re-grafting operations: the majority of the circle flaws were apparently formed during 
the first/virgin pearl formation, but the spots tended to recur in the pearls from the re-
grafting (the seconds and the thirds), indicating a different formation mechanism (Ito, ms. 
in preparation). At this early stage, it is difficult to determine how to reduce such spot 
marks only by grafting techniques because this phenomenon seems to contain more 
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complicated factors of cell functions and bio-mineralization processes from the hosts and 
donors, as well as the farming environment.  
 
The uses of chemical-coated nuclei resulted in no significant difference in the post -grafting 
survival rates over a ten month period for all experimental treatments among the circle-
tests and FNC-tests. The results of effectiveness in using nuclei coated with the antibiotic 
TC-HCl for P. fucata martensii (Akiyama, et al., 1997) did not compare well with this project. 
The post-grafting survivorships could depend more on a degree of grafting technician’s 
skill and farm maintenance work. Therefore, the use of chemical-coated nuclei may not be 
necessary in terms of profitability of the farm business, as the cost of such nuclei are more 
expensive at about $0.4 – $0.5 per monme (or 3.69g), than normal non-chemically coated 
nuclei. For example, several million blacklip pearl oysters are used for grafting work each 
year in French Polynesia, using several million nuclei; the amount of spending for those 
nuclei can not be ignored. Although more studies may be required, particularly on the 
economic side of farm performances, the chemical-coated nuclei could work favorably for 
pearl quality,  including color and luster. If so, it may still be worth using such nuclei.   
 
 

Recommended Follow-Up Activities  
Although the Year 2’s post-grafting survivorships were obtained, analyzed and reported in 
this report, pearl quality assessments on shape, flaw, color and luster are ongoing for the 
pearls from Year 2 experiments. Full results will be given in the extension (Year 3) 
accomplishment report: 1) pearl quality assessment of the Year 2 experiments on the circle 
reduction tests for the seconds (two consecutive years) and the thirds (three consecutive 
years) from May 2009 harvest will be completed and incorporated to the Year 3 report; 2) 
representing pearl quality changes from the experiments will be presented as photographic 
records; and 3) pearl production protocols will be written as a manual that focuses on the 
re-grafting and post -grafting husbandry work applicable to the Micronesian farmers and 
technicians in Pohnpei environment. 
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APPENDIX 3. Results from pearl quality improvement experiments Year 1 (2007 – 2008). 

3-1. Number of pearls assessed for circle, spot and shape from Year 1 experiments. 

 
 
 
3-2. Degree of improvement assessed for circle, spot and shape from Year 1 experiments. 
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3-3. Number of pearls assessed for color and luster from Year 1 experiments. 

 
 
 
3-4. Degree of improvement assessed for color and luster from Year 1 experiments. 
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APPENDIX 4. Summary of pearl quality analysis of Year 1 experiments 2007 – 2008 for 
Circle-Test.  

4-1. Pear quality assessments (circle, flaw and roundness) from circle-test of Year 1 
experiments; 2007-2008 Circle Test A and B: Pearl Quality Analysis (number of pearls 
produced) 
Improvement Index Circle Mark Shape (Roundness) Flaw (Spot) Total Point 

+2 71 24 0 190 
+1 172 248 36 456 
0 30 22 103 0 
-1 22 3 145 -170 
-2 2 0 13 -30 

Total 297 297 297 446 
Total 297 matched from 600 experimented. 
 
 
4-2. Pearl quality assessments (color and luster) from circle-test of Year 1 experiments; 2007-

2008 Circle Test A and B: Pearl Quality Analysis (number of pearls produced) 

Improvement Index Color Luster Total Point 
+2 0 0 0 
+1 12 9 21 
0 235 219 0 
-1 48 67 -115 
-2 2 2 -8 

Total 297 297 -102 
Total 297 matched from 600 experimented. 
 
 
4-3. Pearl quality assessments (shape changes) from circle-test of Year 1 experiments; 2007-

2008 Circle Test A and B: Analysis of Matched Pearls 

 Round after Semi-Round after Drop after Baroqu5e after Total 
Round before 1 0 0 0 1 
Semi-Round before 8 5 0 5 18 
Drop before 51 35 2 40 128 
Baroque before 52 50 0 48 150 

Total 112 90 2 93 297 
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APPENDIX 5. Summary of pearl quality analysis of Year 1 experiments 2007 – 2008 for FNC-
Test.  

 

5-1. Pearl quality assessment (shape) from FNC-test of Year 1 experiments; 2007-2008 FNC vs. 
nonFNC Pearl Quality Assessment (Shape %) 
 Round Semi-Round Drop Baroque Total 

S7FNC2.3 2.9 28.7 18.7 49.8 100 

S10FNC2.0 8.0 26.1 16.4 49.6 100 

FNC Total 5.5 27.4 17.5 49.7 100 

      

S7nonFNC2.3 6.1 28.9 16.1 48.9 100 

S10nonFNC2.0 10.1 27.5 20.8 41.5 100 

nonFNC Total 8.3 28.2 18.6 45.0 100 

5-2. Pearl quality assessment (luster) from FNC-test of Year 1 experiments; 2007-2008 FNC vs. 

nonFNC Pearl Quality Assessment (Luster %) 

 Grade A Grade B Grade C Grade D Total 

S7FNC2.3 66.7 30.4 1.9 1.0 100 

S10FNC2.0 86.6 12.8 0 0.6 100 

FNC Total 75.9 22.3 1.0 0.8 100 

      

S7nonFNC2.3 67.4 29.0 2.7 0.9 100 

S10nonFNC2.0 72.7 24.4 1.5 1.5 100 

nonFNC Total 69.9 26.8 2.1 1.2 100 
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APPENDIX 6. Results from Year 2 experiments 2008 – 2009 for post-grafting survivorship.  

6-1-1. Post-grafting survival rates from Year 2 experiments. 

 

1-2.Post Grafting survival rates from Year 1 experiments. 
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6-2-1. Fluctuation of bi-monthly survival rates from Year 2 experiments.  

 

6-2-2. Fluctuation of bi-monthly survival rates from Year 1 experiments. 
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6-3-1. Pearl success rates from Year 2 experiments. 

 

6-3-2. Pearl success rates from Year 1 experiments. 
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Objectives 
Year 1 

1) To establish a genomic and skeletal muscle cDNA library of Pacific threadfin; 

2) To identify at least 50 microsatellite loci and develop PCR protocols for optimal 
amplification of the markers; 

3) To collect fin clip samples from the OI and AFRC broodstock populations and 
analyze polymorphic DNA markers in these samples. 

Year 2 

1) To develop a microsatellite DNA-based method of parental assignment; 

2) To collect fin clip samples from the wild populations (Oahu and Hawaiian Islands) 
and characterize their genetic diversities using established DNA microsatellite 
markers; 

3) To develop DNA-based testing protocols for monitoring Pacific threadfin 
broodstock and wild populations.  

 

 

Anticipated Benefits  
This project will provide molecular tools necessary for developing a functional breeding 
program for the Pacific threadfin. Microsatellite markers developed under this project will 
be used to identify the degree of genetic diversity within broodstock populations and help 
establish pedigrees of offspring produced in batch spawning tanks. Such tools are 
necessary to run an advanced breeding program and benefit many research and resource 
conservation initiatives. 
 
 

Work Progress and Principal Accomplishments  
Year 1  

Objective 1: To establish a genomic and skeletal muscle cDNA library of Pacific 
threadfin.  
Samples from ten Pacific threadfin fingerlings generated through the Oceanic Institute 
hatchery were sampled for genomic DNA extraction from skeletal muscle to establish a 
genomic muscle cDNA library and to identify microsatellite DNA markers. The cDNA 
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libraries are being developed in the laboratory of Dr. Jinzeng Yang at the University of 
Hawaii at Manoa. 
 
Objective 2: To identify at least 50 microsatellite loci and develop PCR protocols for 
optimal amplification of the markers.  
We constructed a partial genomic library and enriched it for GT and CT repeats by a 
modified procedure. The genomic DNA used for the library was extracted from the muscle 
tissue of juvenile Pacific threadfin. DNA was then digested with the enzyme HaeIII, and 
DNA fragments ranging from 200-1200 bp were isolated, dephosphorylated and ligated to 
the phosphorylated SNX/SNX linker sequences. Linker-ligated DNA was amplified using 
SNX as polymerase chain reaction (PCR) primer. The PCR products were hybridized to 
biotinylated (GT)10 and (CT)10 probes which attached to streptavidin-coated magnetic 
beads. Enriched fragments were again amplified by PCR and products were purified and 
then ligated into PCR2.1-TOPO cloning vector (Invitrogen) followed by transformation into 
E. coli DH5a competent cells. Plasmid DNA from putative microsatellite clones was 
purified using a GeneJET™ Plasmid Miniprep Kit (Fermentas). A total of 146 plasmids 
were sequenced on an ABI 3730 automated sequencer using M13 forward and reverse 
primers. A summary of sequence information is listed in Table 1. Region containing 
microsatellite repeats were found in 130 clones; about 23 clones were observed to contain 
two or three microsatellite loci in the fragment. A great number of microsatellites were too 
close to the linker to allow the primer design and were discarded. Of the suitable colonies, 
we first designed 86 PCR pairs of primers employing Primer Premier 5.0 software. After 
PCR amplifications, 52 microsatellite loci were successfully identified and observed with 
clear and strong bands after agarose gel electrophoresis. A screening of the polymorphic 
loci was performed with 8% polyacrylamide gel electrophoresis (PAGE) gel and silver 
staining within 14 individuals randomly selected from wild population. 41 microsatellite 
loci with great varieties in band patterns were selected. Based on the primer design and 
size of the amplified DNA fragments, PCR protocols were optimally amplified for the 41 
microsatellite markers, which had been used for the analysis of 30 unrelated individuals 
collected from the wild population. 
 
Objective 3: To collect fin clip samples from the OI and AFRC broodstock populations 
and analyze polymorphic DNA markers in these samples.  
OI maintained both F1 and F2 populations of growth-selected and control threadfin lines 
for use genetic analyses, including determining parentage and pedigree records and 
producing a unique DNA profile, or fingerprint, for individual broodstock. The F1 
population included 23 growth-selected and 18 control moi reared from 2001 hatchery 
runs, and a second tank containing 111 moi selected for growth performance from 2007 
hatchery runs. We also have 54 growth selected F2 moi spawned form the growth-selected 
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F1 population in 2004. We plan to compare genetic differences and similarities of OI and 
AFRC broodstock populations with wild and captured populations through DNA marker 
analysis.  
 
Both the F1 and F2 populations began spawning on a monthly basis following each full 
moon, with the older F1 population generating significantly more eggs per spawning cycle 
(Figure 1) during the first year of the project. Fertility rates in the selected population may 
be negatively affected by the low percentage of remaining males (the species is a 
protandrous hermaphrodite) prompting us to generate a second tank of F1 selects as a 
source of male moi for introduction into this older female-dominated broodstock 
population. 
 
OI researchers began collecting fin clips from OI moi broodstock for PCR amplification and 
DNA fragment analysis for selected microsatellite markers currently under development. 
These analyses will be used to validate the polymorphisms of the selected microsatellite 
loci and identify potential DNA markers for genetic analysis of Pacific threadfin 
broodstock.   
 
Year 2  

Objective 1: To develop a microsatellite DNA-based method of parental assignment.  
Oceanic Institute Component: In Year 2 of the project, OI continued to maintain both F1 and 
F2 populations of growth-selected and control threadfin lines. The F1 population now 
included 16 controls and 19 growth-selected individuals. The controls consisted of 14 
females, one male and one unidentified fish with an overall population average of 1.2kg in 
weight and 36.6cm length. The growth-selected F1 population included 14 females, two 
males and three unidentified fish with an overall population average of 1.3kg in weight 
and 37.9 cm length. The F2 growth selected population consisted of 48 fish with 18 females, 
22 males and eight of unknown gender. At project completion, these fish averaged 1.1 kg 
weight and 37.7 cm length. Both the F1 and F2 populations continued to spawn on a 
monthly basis following each full moon (Figure 1). Fertility rates in these populations was 
negatively affected by the low percentage of remaining males (the species is a protandrous 
hermaphrodite). We also recruited approximately 100 new F1 juveniles from the October 
2007 hatchery run, which were grown-out to supplement males in both the F1 or F2 
selected populations.  
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Figure 1. Spawning activity over the project period for both the F1 and F2 moi 
populations. 

 
 
 
 
 
 
 
 
 
 
 
 
Tissue samples for microsatellite analysis have been taken from all OI broodstock 
populations and additionally from post-hatchery juveniles taken from three successive 
hatchery runs (100 per run). Samples were collected and preserved for microsatellite 
marker based analyses and parental assignment. Microsatellite marker analyses are being 
conducted in the laboratory of Dr. Jinzeng Yan at the University of Manoa. 
 
University of Hawaii Component: In designing a cost-effective protocol for parental 
assignment, we selected loci on the basis of their polymorphic information content, number 
of alleles, and the cost of genotyping. By labeling the primers with different dyes for 
simultaneous separations of several fragments in a single lane of the sequencing gel, it will 
reduce the cost of fragment analysis. This pentaplex panel works very well since that the 
same size range fragments have different colors and same color fragments have different 
sizes. We also tried several sets of PCR primers together but encountered difficulties in the 
normalization of each fragment and compromised amplification efficiency. In Pacific 
threadfin hatchery operations, a population of dams and sires are normally maintained in 
the broodstock tank during the reproduction season. The high-efficiency of spawning is 
highly appreciable. The main purpose of the parentage analysis was to identify spawning 
broodstock and non-spawning broodstock fish. Then spawning animals will be kept to 
maximize the spawning possibilities. After parental assignment, it is expected to remove 
the dams that are not spawning or those rare spawning parents from the tank and to see 
what will happen in the next spawning event.  
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TABLE 1.  Parental assignments of 84 offspring from three different spawning events.* 
The 1st Spawning (36) The 2nd Spawning 

(24) 
The 3rd Spawning 
(24) 

Total (84) 

Accurate Assignments 76 (90%) 
13 (D3xS2)  13 (D3xS2) 12 (D3S2) 
5 (D1xS2) 5 (D1xS2) 7 (D2xS2) 
4 (D2xS2) 3 (D2xS2) 1 (D5xS1) 
3 (D5xS2) 2 (D5xS2) 1 (D4xS1) 
2 (D6xS2) 1 (D5xS1)  
1 (D4xS1)   
1 (D5xS1)   
1 (D6xS3)   
1 (D4xS3)   

 

Ambiguous Assignments 8 (10%) 
3 (D3xS2/D1xS2)  2 (D3xS2/D1xS2) 
1 (D2xS1/D4xS3)  1 (D2xS1/D4xS3) 
1 (D6xS1/D4xS2)   

 

*The parental assignment was tested in a captive broodstock population containing 11 
breeders (eight dams and 3 sires). The eight dams are named as D1, D2, D3, D4, D5, D6, D7 
and D8. The 3 sires are named as S1, S2, and S3. Offspring samples were collected from 
three spawning events.  The number of offspring deduced from a mating between dam and 
sire was presented in the table. For example, 13 (D3xS2) indicates 13 offspring from the first  
spawning event were assigned to the mating between dam D3 and sire S2.   
 
A core set of five Pacific threadfin microsatellite loci (Pse8, Pse9, Pse27, Pse52 and Pse82) 
was further refined to produce a set of multiplexed markers suitable for routine parentage 
testing. The DNA fragments of the five loci were amplified in three PCR reactions and co-
loaded in a single lane of the sequencing gel. The pentaplex panel was employed for a 
preliminary parental assignment test of 84 juveniles collected from three spawning events 
from the captive broodstock population containing 11 breeders (eight dams and three 
sires). Parental identification analyzed by the PAPA program indicated that 76 (90%) of the 
offspring could be assigned to their parents, the rest of eight offspring (10%) could be 
traced back to two possible parental-pairs (Table 1). In theory there should be maximal 8 x 
3=24 parent-pairs in the tank, but only 11 different parent-pairs were observed in these 
three spawning events. Although six of eight dams, and all three sires, contributed to the 
offspring, the representation of offspring in the different families was unequal significantly. 
A total of 38 (50% of all) juveniles were assigned to a specific parent-pair (D3x S2) in these 
three spawning events and 2 (D6xS3 and D4xS3) out of the 11 parent-pairs gave only one 
progeny (Table 3). In the three spawning events, one single sire (S2) contributed 88% of 



Development of DNA Markers for Pacific threadfin Aquaculture 
 

 

 
December 2009    169 

offspring production while several other predominant dams were also observed. Two 
dams (D7 and D8) were not involved in all three spawning events.  
 
Based on these results from five microsatellite markers, 90% of the offspring were assigned 
to their parents. Another 10% could be traced back to two or more parental couples. The 
information is enough for the small-scale selection applications mentioned above. In 
consideration of a large population with more precise tracings in the future, more loci will 
be added in the genotyping panel. With the same broodstock and offspring samples from 
the second and third spawning events, we tested three additional microsatellite loci, 
namely Pse24, Pse34 and Pse82. The percentage of offspring assigned to their parents 
increases to 93% compared with the original five microsatellite loci in this broodstock 
population. The result with eight microsatellite loci also further confirmed the main 
spawning sire (S2) and non-spawning broodstock dams (D7 and D8). Although the 
accuracy increased, the cost also increased.  
 
Parents that showed mismatches at only one locus or even one allele were considered as 
potential parents to allow for the possibility of either a mutation or a genotyping error. The 
potential parents option in the software was applied to re-test the offspring against all the 
original parents. After the second round of parentage analysis, 98% (82/84) of the offspring 
were unambiguously assigned parentage to the correct sire and dam. After inspecting the 
mating patterns from the first and second cycle of parentage analysis, the correct dam was 
assigned with >99% confidence in each case where the sire was unavailable.  
 
Objective 2: To collect fin clip samples from the wild populations (Oahu and Hawaiian 
Islands) and characterize their genetic diversities using established DNA microsatellite 
markers.  
Fin clips from wild-collected OI broodstock populations were collected as part of project 
efforts to characterize genetic diversities of wild broodstock populations.  Since all moi 
production broodstock populations are collected from the wild as juveniles, they represent 
a broad sample of genetic diversity of moi populations along the windward Oahu coast. In 
addition, the microsatellite marker data will provide a good estimate of genetic diversity of 
broodstock supplying eggs into the open ocean cage industry.  Project collaborators at UH 
Manoa are currently working on microsatellite marker development and will conduct the 
molecular analyses. 
 
In collaboration with the state of Hawaii Moi stock enhancement program at Anuenue 
Fisheries Research Center (AFRC), we have collected fin clip samples of more than 500 fish 
samples from several locations in Oahu Island, including Diamond head, Kaneohe, 
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Bellows, and Kapapa Island. The genomic DNA was extracted successfully and kept for 
PCR amplification and DNA fragment analysis.  
 
After the exclusion of the loci that showed single alleles or indistinguishable bands, ten 
microsatellite loci (Pse8, Pse9, Pse24, Pse27, Pse34, Pse35, Pse52, Pse65, Pse82 and Pse98) 
with great varieties in band patterns were selected for further studies.  Characterization of 
ten microsatellite loci in the wild and broodstock populations was conducted. All the ten 
microsatellite loci were found to be highly polymorphic in the wild and captive 
populations. The estimated genetic variability for each population is shown in Table 2. The 
values for average allele richness were higher in the wild population compared to the 
captive broodstock population. However, the average expected heterozygosity (He) and 
observed heterozygosity (Ho) values were similar among the populations. The linkage 
disequilibrium (LD) was determined in pair-wise markers by Fisher’s test embedded in 
Genepop program.  
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TABLE 2. Characterization of 10 microsatellite loci within pacific threadfin populations.* 
*T: annealing temperature; Na: number of alleles; An: allele richness; Ho: observed 
heterozygosity; He : expected heterozygosity; PIC: polymorphic information content; HW 
p-value: Hardy-Weinhberg exact p-value. 
 
The analysis of each pair of loci in each of the populations indicates that none of the loci 
exhibit noticeable linkage (p>0.05). However, significant LD (p<0.01) was observed between 
the loci pairs in the sibling progenies used in the parentage assignment studies. Hence, it 
seems very likely that the presence of related individuals in the offspring, rather than the 
physical linkage of the loci in the genome, contributes to the LD in the tanks with only a 

 
 
 

Repeat 
motif 

Primers (5’ to -3’) 
T  
C 

Size 
(bp) 

Na An Ho He PIC 

HW 
p-
valu
e 

Pse8 (AC)26 
F: FAM-
AGTGCCCGTGCAACCATACC 
R: GACTTGGGGTTCAATGTCGT 

60 194 5 4.83 0.712 0.764 0.703 0.11 

Pse9 (CA)19 
F: GCGTCTCCTCCAAACTCAT 
R: FAM-
CCGTTGTTGTGCTGAAAATC 

56 264 5 4.47 0.705 0.723 0.682 0.32 

Pse24 
(GT)5+(TG
)3+(GT)10 

F: FAM-
CAGACATTCCTCCCTCACAA 
R: ATGCCTCCAGCAAAACTCAA 

58 220 4 3.60 0.681 0.705 0.612 0.19 

Pse27 (GT)26 
F: TET-
TGACATATTGCGTGGGATTG 
R: AATGGTCACCTGCTGGGAAG 

56 229 5 4.95 0.72 0.759 0.724 0.46 

Pse34 (GT)13 
F: FAM-
TGAAACCGAAGCCGAGACCA 
R: TCACTACCTGTTGACCTTTA 

58 141 4 3.13 0.612 0.657 0.586 0.11 

Pse35 (AC)23 
F: FAM-
TTGAGACTGCCCAACTCTAT 
R: TAAAGGCTGTGGATGAGTGC 

58 298 4 3.19 0.626 0.663 0.584 0.21 

Pse52 (AC)26 
F: GAGTTGCTCAGGTGGGGTTA 
R: HEX-
TGAGGAGTGGCTGAAGTGAA 

57 181 8 6.48 0.732 0.787 0.743 0.37 

Pse65 
(AC)10+ 
(CA)10 

F: FAM-
AGAAAACACCCAACAGTCAG 
R: TTCCAGGAATTAGACCAAAG 

58 260 3 2.77 0.593 0.629 0.542 0.08 

Pse82 (ACGC)8 
F: HEX-
TGAAAGGCTCAACAAGTA 
R: ATCAGCAGCAGAATCTATG 

56 268 4 3.95 0.647 0.679 0.549 0.10 

Pse98 (AC)24 
F: HEX-
TGAGCGATTGTTGATGAAGC 
R: ATCAACAGATTCCTCCCTGA 

57 310 4 3.58 0.619 0.654 0.513 0.19 
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few breeders. Fst values were calculated for all pair-wise population combinations by using 
the results of the ten microsatellite loci. The genetic differentiation index (Fst) values 
among populations ranged from 0.035 in Diamond Head and the captured broodstock 
population, to 0.007 in Sandy Island and Waikiki populations (Table 3). In addition, the 
pair-wise comparisons indicate the Fst scores were significant between the Sandy Island 
(P=0.04) and Diamond Head (P=0.04) populations compared to the captured broodstock. 
All other comparisons were not significant (Table 3). Although the pair-wise Fst estimator 
was significantly different from zero between the broodstock and two wild samples, the 
value of 0.021 and 0.035 was rather low, indicating that there is not any difference between 
those populations. In other words, the broodstock and wild populations are closely related. 
Therefore, it is difficult to monitor the migration of alleles (i.e. introgression) in physically 
close regions along the Oahu island coastline. Breeding with domesticated Pacific threadfin 
in broodstock population without monitoring genetic characteristics of the wild population 
may significantly change the genetic structure of the wild population.  
 
TABLE 3. Pairwise Fst estimator and associated p-value (bracket). *  
 

*Typical Fst of 0.15 is considered as significant difference between two populations. 
 
To get a further evaluation of the genetic diversities of Pacific threadfin in different 
populations, more polymorphic microsatellite markers were explored. An initial screening 
for polymorphisms was carried out by 8% polyacrylamide gel electrophoresis (PAGE) and 
silver staining in 14 unrelated individuals randomly selected from the wild population. 
Nine microsatellite loci with high polymorphisms were identified for further analysis. 
Primers of the nine selected loci were further labeled with fluorescence-dye  and detected 
in 30 individuals from a wild population. The detailed characteristics are shown in detail in 
Table 4. Based on the microsatellite loci analyzed in the wild population, we can see that 
the number of alleles per locus ranged from five to ten. The observed and expected 
heterozygosities ranged between 0.593 and 0.767, and between 0.621 and 0.851, 
respectively. Neither statistically significant deviations from Hardy-Weinberg expectations 
nor statistically significant linkage disequilibrium between loci were observed. This means 
that these microsatellite loci are highly polymorphic and are independently inherited and 
can be used separately as meaningful genetic markers for Pacific threadfin.  

 Broodstock (17) Sandy Island Waikiki 

Sandy Island (14) 0.021 (0.04)   

Waikiki (20) 0.009 (0.367) 0.007 (0.25)  
Diamond Head (20) 0.035 (0.04) 0.016 (0.093) 0.013 (0.083) 
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Table 4.  Characterization of 9 microsatellite loci within wild populations of Pacific 
threadfin 
 

Locus Repeat mot if Primers (5’-3’) Tm 

(C) 
Size 
(bp) 

Na Ho He HW 
p-
value 

B1-3-
3 

(CATT)8 F:HEX-CCTGCTCATTGACAGATAA 
R: GCGTGCAAACGAATGACGGA 

58 137 9 0.692 0.824 0.104 

C9 (AC)4+(AC)13 

+(AC)24 
F:HEX-
CCCTGCTGGTCAAACTACAC 
R: CATCAGTGTATGCCTGGTAA 

58 166 8 0.689 0.806 0.376 

C11 (CA)30 F:HEX-
AAGATCCTCGTGCCACCTCA 
R: GTTATTTAGAGTTGTCACCG 

60  233 10 0.767 0.851 0.664 

C20 (GT)35 F:HEX-
AAAGTCTCCCAACAGATGAT 
R: ATGCCAATTACAAGAGTCGA 

55 267 7 0.633 0.715 0.379 

C37 (CA)19 F:HEX-
CTAAACTGGAAGAGGCACAA 
R: TGACCTGTGAACCTGGGAAA 

58 164 6 0.767 0.790 0.648 

C57 (TG)27 F:HEX-
AAAAGGCTGTGAGTGAATGA 
R: GACCTGGTGCTTTATTACTT 

59 179 8 0.767 0.714 0.245 

C73 (GT)23 F:HEX-
GTGGACAGTGGGTCAAGTGC 
R: GGTGTCAGGAGGGAGGGTTA 

60 259 6 0.593 0.621 0.754 

C88 (GT)26 F:FAM-
CCTGGAGTTAGAAAGATTGT 
R:AACCAAGTCAATATCACAGGAT 

59 296 6 0.654 0.748 0.503 

C89 (CA)n F: GTCAGGGACAACGAGCCAT 
R:HEX-
TCTGCCACAAGATGGAAGCT 

60 79 7 0.704 0.715 0.921 

Tm, annealing temperature; Na, number of alleles; Ho, observed heterozygosity; He, 
expected heterozygosity; HW p-value, Hardy-Weinberg exact p-value. 

 
Objective 3: To develop DNA-based testing protocols for monitoring Pacific threadfin 
broodstock and wild populations.   
Project collaborators at the University of Hawaii continue to develop the DNA-based 
testing methods for monitoring wild and captive Pacific threadfin broodstock populations. 
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Work Planned 
The research work is in its final stages. Primary work to be conducted is 1) the Objective 3-
development DNA-based testing protocols for monitoring Pacific threadfin in both 
broodstock and wild populations; 2) preparation of research results for technical report and 
publications. In addition, we have been communicating with a Pacific threadfin 
aquaculture company for transferring the DNA-based technology to broodstock selection.   
 
 

Impacts 
The successful establishment of genetic analyses will be useful for distinguishing Pacific 
threadfin with other fish species as well as evaluating genetic structure and breeding 
capabilities among broodstocks and wild populations. The Pacific threadfin-specific  
authentication protocols could be developed based on the DNA marker information. Such 
protocols are essential for tracing fish’s location of origin, for example in the event of 
detection of disease or toxins in market fish and monitoring the genetic variability in wild 
populations. The developing broodstock management and selective breeding programs 
aimed at reducing the loss of genetic variation will facilitate the improvement both of the 
quality and quantity of captive populations. The successful application of these 
technologies clearly has the potential to improve the Pacific threadfin production efficiency 
and further strengthen the aquaculture industry in Hawaii, therefore, increasing our 
competitiveness in global seafood trade.  
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Presented 
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collection. Hawaii Sea Grant Program, Hanauma Bay Seminar Series, June 12, 2008. 
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Sea Cucumber Hatchery Production 
Technology Transfer in Pohnpei, the 
Federated States of Micronesia,  
Years 1 and 2 
 
 

General Information 
 
Reporting Period July 1, 2008 – June 30, 2009 (Year 1 Final Report). 
 
Funding Level Year  Amount 

   1  $34,868 
      2  $34,968 
   TOTAL  $69,836    
 
Participants  Masahiro Ito, Ph.D., Director and Chief Scientist    
   Aquaculture Development, College of Micronesia Land Grant Program 
 
 

Objectives 
1. Search for and collect sandfish (H. Scabra) broodstock in the Pohnpei lagoon. 

2. Conduct broodstock conditioning, spawning induction and larval rearing.  

3. Develop a method for the sandfish juvenile production in Pohnpei. 

4. Train Micronesians for the sea cucumber hatchery operation. 

 

 

Anticipated Benefits 
The Sea Cucumber industry in Micronesia has consisted primarily of sporadic and intense 
harvesting at a given island lagoon until the local stocks are completely wiped out. This 
alarming situation has caused the local people to put a moratorium in place to prevent local 
stocks from becoming obliterated. Minimal research has been conducted in the past in 
regards to establishing cucumber hatchery technology in Micronesia. However, this project 
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aims to develop a sustainable sea cucumber hatchery, with an emphasis on the transfer of 
technology and skills to the local community.  

 

 

Work Progress and Principal Accomplishments 
Materials and supplies were purchased from overseas including micro-algae and conduct 
hatchery operation. An indoor larval rearing facility was partially modified from the pearl 
oyster hatchery system and broodstock holding and juvenile culture system were installed 
in the undercover area of Nett Point Hatchery. For securing the quantity of the sandfish 
broodstock, we were able to find more than 200 sandfish broodstock in the vicinity of the 
Nett Point hatchery, and a total of 431 in the Pohnpei lagoon as of this reporting date. So 
far, 19 spawning induction trials and nine larval rearing attempts have been conducted for 
hands-on skill training. Approximately 1,000 6-month-old juveniles from the second trial 
larval run, and several ten thousand 2-month-old juveniles from the eight trial, are 
currently kept in two raceway tanks.    
 
Objective :  Search for and collect sandfish (H. scabra) broodstock in the Pohnpei. 
Before commencing the broodstock search, the project personnel began collecting 
information about the sandfish, locally known as “Lahngon”, from local people, 
particularly senior villagers in the municipalities of Nett, Sokehs, Madolenihmw, Kitti and 
U. A preliminary survey was conducted at Nett Point in the vicinity of the hatchery. 
 
A total of 431 sandfish were found in the wild between November 2008 and June 2009, of 
which 253 were collected from the vicinity of Nett Point Hatchery. This figure implies a 
significantly high abundance of sandfish compared to reported stock surveys in the past: 
1996-98 - one sandfish (Pohnpei State Division of Marine Resources and Japan Overseas 
Fishery Cooperation Foundation, unpublished data); 2005 - zero (Bourgoin and Edward, 
2005), which concluded that sandfish were near extinct in the Pohnpei lagoon. However, 
both the Catch Per Unit Effort (CPUE = number of sandfish found per staff-hour from 
random search) and the Line Transact (LT = number of sandfish per hectare from 
duplicated 2m by 50m transact) methods of this project indicated patchy distributions. 
Therefore, the past surveys apparently surveyed inappropriate habitat for the sandfish, 
which is characterized by a tidal flat zone along the mangrove shore, or they were wrongly 
identified. A tentative quantitative resource analysis from the LT survey in the northern 
Pohnpei lagoon indicated significantly high density of the sandfish: 400 individuals per 
ha.(10,000 square meters) at Sokehs Harbor and Dekehtihk (Airport island), 122.2 at Nett 
Point, 40 at Parem and zero at Lenger (Appendix 3-1). Overall results on relative 
abundances by the daytime random search showed the highest number of the sandfish at 
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Madolenihmw (CPUE 28.8) in the Southeast area of Pohnpei lagoon, followed by Sokehs 
(14.0), Nett Point (2.2), Parem (1.3), Dekehtihk (1.1) and Lenger (0) in the Northern Pohnpei 
Lagoon (Appendix 3-2). The results of the broodstock search and collection revealed a 
unique pattern of abundances between daytime (CPUE 2.2) and night-time (4.3) at Nett 
Point (Appendix 3-3). This is apparently because of behavioral change, the nocturnal 
nature of the sandfish dictates that they bury in the muddy/soft sand during the day and 
come out from the sand after sunset. Daily and seasonal behavioral patterns were reported, 
which are closely associated their feeding activities (Wolkenhauer et al., 2009). This 
nocturnal behavior was also observed and confirmed from the project’s broodstock holding 
tanks with the sub-sand filter system. 200 broodstock have been kept in the two 2,500 liter 
raceway tanks for Objectives 2 and 3 at the semi-outdoor hatchery. As of this reporting 
date, there has been no mortality in these holding tanks over the last eight months. 
 
Objective 2: Conduct broodstock conditioning, spawning induction and larval rearing.  
The following indoor and semi-outdoor hatchery systems were modified from a pearl 
oyster hatchery system for a trial spawning-run: spawning induction tanks, incubators, 
larval rearing tanks, settlement tanks and juvenile grow-out tanks. The broodstock holding 
system was designed to accommodate between 100 to 200 animals in a 2,500L raceway tank 
by adopting a combination of closed recirculation and partial flow-through methods with 
sub-sand filter system (Appendix 4).  The sub-sand filter system allows the sandfish to 
bury in the soft sand layer, and the seawater re-circulates by an air-lift method through the 
layers of fine sand, coral gravels and coral rocks within the tank. For feeding purposes, the 
seaweed (Graciralia and Sargassum spp.) and other sea grasses (eel-grass) were collected 
from the vicinity of the hatchery. These plants were shredded and ground then they were 
thrown in the tanks once a week. Excess plants were kept alive in the broodstock holding 
tanks. As the sandfish is a deposit-feeder feeding on detritus and anything on the substrate, 
muddy sand was also occasionally collected from the mangrove tidal flat areas as 
additional food for the sandfish.  
 
A trial spawning induction was conducted in November and December, 2008 during the 
absence of one of the senior technicians who participated in the sandfish hatchery training 
workshop in Fiji. This very first trial resulted in a couple of hundred thousands eggs to 
work on the larval runs that were conducted by using the existing sandfish hatchery 
manuals. The methods for spawning induction, micro-algae feeding combinations, larval 
sampling, and rearing water quality maintenance were gradually modified to suit the 
Micronesian staff’s work schedule and hands-on practice. In the second hatchery run in 
January 2009, approximately several thousand larvae settled to the pentactula, or post-
larval, stage and subsequently became juveniles for the first time in Micronesia (Appendix 
5). The juveniles from the January run have been held in the grow-out raceway tanks up 
until now (Appendix 6), where they have reached 2.7 ± 2.9 g in body wet-weight  and  32.0 
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± 11.5 mm in body length (n = 421, mean ± s.d.) (Appendices 7-1 and 7-2). The relationship 
between weight (X) and length (Y) were plotted on the chart (Appendix 7-3), which could 
be expressed as a polynomial curve Y = 0.014X3 – 0.546X2 + 8.0515X + 14.25 (R2 =0.872) or a 
power curve Y = 21.96X0.39 (R2 =0.866), where R square is regression coefficient (Appendix 7-
3-2). The additional spawning trials followed by larval runs were repeated almost every 
month in February, March, May and June 2009. 19 spawning induction trials and nine 
larval runs have been conducted for hands-on skill training. As of this reporting date, 
several thousand newly settled juveniles of up to 10 mm size are being kept in two 2,000 L 
raceway tanks; they will eventually be transferred to a long term grow-out culture system.  
  
Objective 3:   Develop a method for the sandfish juvenile production in Pohnpei.    
As described in Objectives 1 and 2, this project successfully found and secured the 
broodstock and conducted 19 spawning induction trials in a seven month period, which 
gave us a direction to develop better methods for the Pohnpei’s situations. We adopted 
land-based broodstock conditioning in a raceway tank culture system as a primary 
technique, which was supplemented by those broodstock collected fresh from the wild 
around the hatchery. Year 1 work also produced several thousand juveniles, so that the 
Micronesian staff could acquire basic hatchery methods. A settlement method basically 
followed a hatchery manual by Agudo (2006), however, growing epiphytes such as 
Navicula jefferii and Skeletonema costatum needed time consuming maintenance from a stock 
culture stage to 500 L mass cultures. After several hatchery trials, a method for introducing 
pure cultured phytoplankton into the juvenile grow-out was switched to culture naturally 
occurring phytoplankton and other epiphytes. Raw sea water from the storage tanks was 
introduced directly into the semi-outdoor settlement tanks, which passed through an 80 
micron mesh screen. This allowed epiphytes to grow densely in the grow-out tanks after a 
couple of weeks. As additional food, the sea weeds were collected from the neighboring 
mangrove shore or pearl farm, and they were mashed and sieved through the 80 micron 
mesh screen. The settlement tanks were left unclean during this first phase of juvenile 
culture for 2 – 4 months, until the juveniles were transferred to the second grow-out culture 
phase. The second phase system used the raceway tanks with a sub-sand filer system. The 
settlement and the first phase grow-out methods are still in the trial stage and will be 
monitored in Year 2 of the project. As of this reporting date, approximately several 
thousand newly settled juveniles have been kept in two 2000 L raceway tanks. 
 
For the second phase grow-out culture, the juveniles of up to 10 mm body length were 
transferred to a long term system. This grow-out system was designed to create a super 
intensive culture method, which can stock several hundred juveniles per square meter. This 
is compared to widely used tank culture methods and subsequent pen culture methods, 
which allow for a very low stocking density, i.e. 20 juveniles between 20 mm and 80 mm 
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and three juveniles over 80 mm per square meter, respectively (Eeckhaut et al., 2008). A key 
technical feature of the project grow-out system is a combination of closed re-circulating 
and flow-through methods, which does not require frequent tank change or cleaning, but 
enables the juveniles to grow to maturity. Furthermore, the feeding can be done without a 
renewal of sandy and muddy substrates because the system contains live and dead sea 
grasses, sea weeds and other epiphytes and detritus. This type of recycling system is also 
called an “eco-system culture method”, or self-sustainable system. It allows attaching 
diatoms and other epiphytes, growing seaweeds and sea grasses, and a majority of 
nutrients including waste from the sea cucumbers to recycle within the system. The water 
re-circulates through the fine surface sand, muddy layer, coarse coral gravels and coral 
rocks via an air-lifted pump system, which also helps maintain aerobic condition of the 
tank bottom substrates. Although no mortality has been recorded, the present system could 
be clarified for its effectiveness in growth and the survivorship compared to conventional 
grow-out methods widely used with a simple flat bottom tank, which requires frequent 
cleaning and changes of sandy and muddy substrates in long term grow-out work 
 
Objective 4:   Train Micronesians for the sea cucumber hatchery operation. 
Acquiring skills for sandfish hatchery work is considered to be a time consuming process 
for someone who does not have experience in sea cucumber biology and resource work, or 
basic hatchery operation in mollusks and crustaceans. As the project allowed only one year 
for transferring hatchery technology of this species, an initial plan was to employ a foreign 
expert for demonstrations of such skills. However, the P.I. was unable to negotiate bringing 
in an expert, so he decided to send one of the project’s senior technicians to participate in a  
sandfish hatchery training workshop in collaboration with the Secretariat of the Pacific 
Community (SPC). This fit in well in the work time line of the project’s first six months. 
Additionally, we were successful in finding a high abundance of sandfish in the vicinity of 
the hatchery, and were able to conduct repeated trials in a learning-by-working manner 
without waiting for expert advice or the return of the senior technician from overseas. A 
total of 19 spawning induction trials and nine larval runs were repeated in a seven month 
period. This enhanced self-reliance and motivation of Micronesian technicians participating 
in the hatchery operation to prepare, initiate, maintain and modify their own work onsite. 
As the project’s technicians already possess high skills in hatchery operations of the 
blacklip pearl oyster, which require more demanding tasks than a sea cucumber hatchery, 
the absence of a sandfish hatchery expert was not an obstacle. Instead, available hatchery 
manuals and other information provided sufficient instructions to conduct the broodstock 
conditioning and spawning runs. The Micronesian staff quickly adapted to the differences 
in broodstock handling, spawning preparations, sampling methods of larger larvae, 
feeding combination and amount, rearing water quality maintenance, settlement 
techniques and in-tank juvenile cultivation. 
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In the hatchery and surrounding mangrove shore environment, as well as in the newly 
developed holding tank system, the spawning induction work was possible nearly every 
full moon period. This provided a great opportunity to repeat spawning runs until all 
hatchery personnel became confident in their sandfish hatchery skills, which took a couple 
of months after the first trial in November, 2008. As of this reporting date, all of the 
broodstock have been kept for more than nine months without mortality, and there are 
approximately 1,000 6-month-old juveniles and more than 20,000 2-month-olds’ in the 
raceway tank for grow-out. The juvenile grow-out work continues by setting more raceway 
tanks for future restocking program. Spawning induction methods will be modified to suit 
for the staff’s working conditions and will focus on mass culture of juveniles in Year 2 of 
the project.  The Year 1 accomplishments became a basis for developing practical methods 
for the sandfish hatchery operation in Micronesia.  
 
 

Impact 
Fisheries status and management plans for the sea cucumber, the sandfish H. scabra in 
particular, have been based on statistical data from commercial harvest s and abundance 
data from wild stock surveys. The stock survey of living specimens is thought to be the 
most reliable way to measure stock status. However, past studies and reports including 
stock surveys of sandfish, both in Pohnpei and overseas, were apparently conducted 
during the daytime, as no report mentioned those results from night time surveys. In some 
cases, the surveys were apparently conducted in a wrong habitat and at wrong depths. The 
sandfish does not inhabit hard coral rubble areas or sea grass areas lacking sufficient depth 
(i.e. at least 4 – 5 inches deep) of soft sandy/muddy substrates and close proximity to 
mangrove shore. It is hard to find sandfish, particularly juveniles, during the day time by 
swimming in a conventional line transact method. It is highly likely that the abundances 
have been underestimated or erroneously estimated. Every report indicated urgent 
conservation measures are needed, and in many cases a total ban on collecting and selling 
sandfish is suggested. These kinds of worldwide resource management policies might not 
always fit well in some locations, including Pohnpei, as they can impose a long lasting 
burden to local island people who have no income except from small-scale reef fishing. 
There seems to be time consuming research and development efforts towards acquiring 
hatchery techniques, if the acquisition is implemented by a small number of sea cucumber 
experts without utilizing or transferring the established hatchery technologies (such as 
with the pearl oyster hatchery and its technicians). The project’s Year 1 findings of 
abundance differences at day and night, as well as habitat selection, indicate that all 
existing survey reports on sandfish published worldwide should be reviewed by the 
researchers and policy makers for re-construction of resource management strategies to 
reflect the more realistic picture provided by our wild stock survey.  
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The project has developed a land-based tank system for long term broodstock holding with 
an intensive stocking density at 20 – 30 individuas per square meter. This system simulates 
the sandfish habitat in the vicinity of the hatchery, including the variety of plants and 
animals such as sea grass, sea weeds, coral, coral fishes, crabs, epiphytes and detritus. 
Maintenance costs are far less than those associated with conventional large scale tank 
culture establishment. The system uses minimum seawater exchange at 50 – 100 % per 2 – 3 
days from temporary water storage tanks (5,000 L x two tanks) in order to minimize 
salinity fluctuation in the system, which uses a small 0.75 HP direct drive pump for 
30minutes per day. A small, 120 Watt air pump is the only source of mechanical air supply, 
and there are air-lift pumps for eight 2,500 L raceway tanks; oxygen is also supplied by 
epiphytes and other plants in the system utilizing sun light. Juvenile grow-out culture also 
uses the same self-sustainable system.  The project implicates the potential for multi-species 
culture using a single tank system design and the same hatchery technicians. The potential 
exists to culture a single target species or combinations of pearl oyster, sea cucumbers, 
mangrove crabs, squat lobsters, sea weeds and coral fish. The full impact of the proposed 
project is yet to be determined. However, the new conditioning system could be an 
alternative method to conventional methods, which consist of single flat-bottom tanks, 
earth-pond and ocean pen culture. The long term juvenile grow-out tank system of this 
project has merits in both economic and research progress in the sea cucumber species. 
Juveniles will be monitored for their complete development to maturity in captivity (F1) 
and can be used for a restocking study, marking and tagging experiments, or spawning 
runs with the matured F1. This could lead to a genetic study of the sandfish in future. The 
preliminary stock survey and hatchery juvenile production from this project revealed a 
wide range of color morphs in the sandfish, which confuses many survey personnel 
elsewhere. This information could help in the revision or improvement of the identification 
card kit published by SPC. 
 
 

Recommended Follow-Up activities 
The proposed project will carry on: 1) to assess the sandfish broodstock availability for 
hatchery operation including examining wild stock survey methodologies; 2) to improve 
biological database such as wild stock distribution and standing crop; 3) to improve a land-
based culture system for broodstock conditioning and juvenile grow-out; and 4) to 
continue hands-on training for the Micronesians by demonstrating methods for broodstock 
handling, spawning induction, larval and juvenile rearing. A sandfish hatchery production 
manual will be written for the Micronesian technicians towards the end of Year 2. The 
project findings will also be disseminated through the CTSA Regional Notes, and local 
and/or international meetings/workshops in a timely manner. Broodstock conditioning and 
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juvenile grow-out will continue all the way through to the end of the project Year 2, which 
will be utilized for subsequent sandfish resource enhancement program in Pohnpei.  
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
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Ito, M. 2009. Resource Enhancement Project of the Sandfish Holothuria scabra in Pohnpei, 
 Federated States of Micronesia. Abstract, Asian-Pacific Aquaculture Conference. 
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Ito, M. A preliminary result of the wild stock survey of the sandfish Holothuria scabra in 

Pohnpei, the Federated States of Micronesia: Should stock survey method be revised 
worldwide for resource management planning? (in print)  

Ito, M. Growth of hatchery-produced juveniles of Holothuria scabra in the semi-closed 
  re-circulating sea water system. (in print) 
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APPENDIX 3. The sandfish wild stock survey results in the northern Pohnpei lagoon. 

3-1. Daytime Sandfish stock survey results by line transact method (LT).  

Survey Zone and 
Area 

Sandfish per 
ha.(10,000 sqm) 

Nett Point (S1-1) 122.2 
Parem (S2-2) 40.0 
Lenger (S1-3) 0.0 
Dekehtihk (S1-4) 400.0 
Sokehs Harbor (S6-
1,,,S6-5) 400.0 
Palikir (S5) Not Completed 
U (S2) Not Completed 
Madolenihmw (S3) Not Completed 
Kitti (S4)  Not Completed 

 

3-2. Daytime sandfish stock survey results by catch per unit effort method (CPUE) at Nett 

Point. 

Zone Location 
Survey 
Area 

Survey 
Duration Sandfish 

Staff-
Time CPUE 

Total 
staff 

   (hr.) Found (hr.) 
Sandfish/Staff-

hr. Worked 
NEPL 
(S1) 

Nett Point 9 
sites 

S1-1(a-
m) 7.0 117 53.0 2.2 64 

NEPL 
(S1) 

Parem-SW 1 
site S1-2 1.0 5 4.0 1.3 4 

NEPL 
(S1) 

Lenger-SE 1 
site S1-3 0.5 0 4.0 0.0 8 

NEPL 
(S1) 

Dekehtihk-SW 
1 site S1-4 1.0 16 14.0 1.1 14 

EPL 
(S2) U S2 NA NA NA NA NA 
SEPL 
(S3) 

Madolenihmw 
1 site S3-1 1.0 115 4.0 28.8 4 

SWPL 
(S4) 

Kitti-Keipahla 
1 site S4-1 0.5 0 2.0 0.0 4 
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WPL 
(S5) Palikir S5 NA NA NA NA NA 
NWPL 
(S6) 

Sokehs-W 1 
site S6-1 0.75  42 3.0 14.0 4 

 

3-3. Comparison of day and night time survey results by CPUE at Nett Point. 

Nett Point 
Results 

Survey 
Duration 

Sandfish (H. 
scabra) 

Total Staff-
Time CPUE  Total Staff  

(NEPL S1-1) (hr.) Found (hr.) 
Sandfish/Staff-

hr. Worked 
Total 13.0 253 85.0 3.0 100 

Day Total 9 
sites 7.0 117 53.0 2.2 64.0 

Night Total 
7 sites 6.0 136 32.0 4.3 36.0 
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APPENDIX 4. The sandfish broodstock conditioning system. 

              

a) Broodstock holding tanks.        b) Re-circulating system.             c) Broodstock in the tank.  

                    

d) Sandfish Holothuria scabra.    e) A wide variety of color morphs.     f) Spawning male. 

 

APPENDIX 5. The sandfish larval rearing system. 

                  

a) Spawning induction.                 b) Eggs.                                         c) Larval rearing tanks. 
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d) Doliolaria prior to settling.       e) Newly settled juveniles.          f) Juvenile settlement 

plates. 

 

APPENDIX 6. The sandfish juvenile grow-out system. 

              

a) Juvenile settlement tanks.    b) Juvenile grow-out tank.  c) Sub-sand filter 

system.            

 

             

d) Burrowing juveniles.            f) Juveniles uncovered from sand. g) 5-m-o juvenile.  
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h) Invisible at daytime.               i) Frenzy at night.                     j) A huge size difference at 6-

m-o. 
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APPENDIX 7. Body weight and length relationship of the hatchery-produced sandfish 

juveniles. 

7-1. Body weight. 
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7-2. Body length. 
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7-3. Weight-length relationship.  
7-3-1. Polynomial curve. 
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7-3-2. Power curve.  

Sandfish Juvenile Weight - Length Relationship
(n = 421, 24 weeks after fertilization)

y = 21.958x0.392

R2 = 0.866
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Intensified and Alternative Methods for 
Marine Copepod Production in Hawaii  

   
 

 
General Information 
 
Project Period  August 15, 2008 through August 14, 2009 (Project Termination 

Report). 
 
Funding Level  $ 24,648 
 
Participants    James P. Szyper , Ph.D., CTAHR 

Department of Molecular Biosciences and Bioengineering 
(Retired) University of Hawaii 

 
  Clyde Tamaru, Ph.D., CTAHR  

Department of Molecular Biosciences and Bioengineering 
University of Hawaii 

  
 Kevin D. Hopkins, Director  
 PACRC, University of Hawaii at Hilo 
  
 

Objectives 
1. To establish at the PACRC facilities in Hilo a project working area, and one or more 

stock microalgal cultures (20 - 200 liter volumes and smaller support vessels; two or 
more of Chaetoceros, Isochrysis, Tetraselmis; tended for maintenance at approx. 106 
cells/ml or more as convenient) in both natural seawater and a low cost artificial 
seawater formulation. 

2. To obtain cultures of the marine copepods Bestiolina, Parvocalanus, and Euterpina 
from project work group members and other collaborators, and acclimate them to 
on-site conditions including the natural seawater (Criteria: survival -  target > 75% -  
through 24 and 48 hours with and without light algal feed).   

3. To document baseline (control) conditions for maintenance of the copepod cultures 
with microalgae in natural seawater.  The protocol will use aerated culture volumes 
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of 1-200 liters; algal feed concentrations approx. 0.5-3 x 105 cells/ml; eggs produced 
on normal generation cycles of approx. Two weeks depending on species.   

4. To conduct short term controlled experiments to assess the adaptation of the 
copepod cultures to artificial seawater and artificial feed particles (with quantities as 
in Objective 3 above), and to allocate test cultures for longer-term maintenance and 
assessment (target of six months at 1-10 animals per ml in 1- 20 liter volumes).    

5. [Technology Transfer] To produce an article describing the context and early results 
of the project for the CTSA newsletter Regional Notes.    

6. [Technology Transfer] To plan the dates and content of public workshop sessions to 
be presented during the project's Year 2.  Results will be presented and stakeholders 
will be invited to suggest further directions for project development. 

 
 

Principal Accomplishments 
Objective 1: To establish at the PACRC facilities in Hilo a project working area, and one 
or more stock microalgal cultures (20 - 200 liter volumes and smaller support vessels; two 
or more of Chaetoceros, Isochrysis, Tetraselmis; tended for maintenance at approx. 106 
cells/ml or more as convenient) in both natural seawater and a low cost artificial 
seawater formulation.    
This objective was successfully completed.  We established that three commonly cultured 
microalgae could be grown under commonly used conditions with standard methods in 
our low-cost artificial seawater (ASW).  This meant that copepod cultures in ASW could be 
fed with microalgae grown in media based on the same seawater, providing a clear test of 
the ASW being suitable for the copepods. With the cooperation of the PACRC microalgal 
culturists, we trained student assistant Kehau Hagiwara in microalgal culture, and 
performed a preliminary trial comparing the growth performance of the single-celled 
flagellate Tetraselmis sp. between media made with the facility’s source seawater from a 
well (KSW for Keaukaha seawater), and with the PI’s previously-developed ASW formula 
(“Five Comp,” for five components, Table 1).  In both cases, the nutrient addition consisted 
of commercially purchased F/2 concentrate.  This preliminary comparison was done in two 
100-liter fiberglass “sun tubes” over ten days in PACRC’s large open-air white-fabric shade 
house under natural light (Figure 1).  Samples from each culture were counted by 
hemacytometer daily.  The culture grew to modestly higher density in the ASW, attaining a 
density of 436,000 cells/ml compared with 350,000 cells/ml in the KSW after seven days, 
with both populations declining thereafter.  We note that these cultures under (shaded) 
natural light are often limited by natural light levels varying with weather conditions. 
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__________________________________________________________ 
 
Artificial Saltwater  "Five Comp" 
 

For "full strength" sea water, 33 parts per thousand 
 

Ingredient Formula  
grams 

per  
ounces  

per 

   
100 

liters  
100 

gallons3 
      
sodium chloride NaCl  2500  333.8 
   (table salt1)      
      
magnesium 
sulfate MgSO4  600  80.1 
   (Epsom salt)      
      
potassium 
chloride KCl  60  8.0 
       
      
calcium chloride CaCl2  120  16.0 
       
      
sodium 
bicarbonate NaHCO3  20  2.7 
   (baking soda)      
      
TOTALS   33002  440.6 

 

1 Use rock salt with no additives; avoid granular table salt with  
   drying agent, which dissolves poorly. 
2 Note: 3300 grams in 100 liters = 33 ppt total salinity. 
3 Note: 1 gallon = 3.785 liters, 1 ounce = 28.35 grams. 
__________________________________________________________ 
 
Table 1.  Formula for “Five Comp” (five component) artificial seawater. 
__________________________________________________________
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Figure 1.  Sun tubes at the PACRC facility containing Tetraselmis cultures in natural well 
seawater (left) and in the artificial seawater being used in the project (right), six days after initial 
inoculation. 
 
We then conducted replicated comparisons of culture performance between ASW and 
KSW media for the Tetraselmis and Chaetoceros stocks available at PACRC.  Sterile F/2 
medium was prepared in 250 ml Erlenmeyer flasks; in each flask, 180 ml of sterile medium 
was inoculated with 40 ml of stock culture, and duplicate subsamples were counted from 
each flask daily for four days.  Three flasks each were made with ASW, and three with 
KSW, for each species.   
 
Cultures performed similarly in media made of both seawater types (Figure 2).  The fitted 
curves in the figure were not compared statistically, but experience indicates that treatment 
differences in growth rates would not have been detected from these curves. 
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Tetraselmis Growth in 200 ml Cultures
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Chaetoceros Growth in 200 ml Cultures
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Figure 2.  Comparison of microalgal growth between ASW and KSW in 250 ml flask cultures. 
Triplicate flasks were used for each water type for each species.  Upper plot: Tetraselmis; lower plot: 
Chaetoceros. 
 
Objective 2: To obtain cultures of the marine copepods Bestiolina, Parvocalanus, and 
Euterpina from project work group members and other collaborators, and acclimate 
them to on-site conditions including the natural seawater (Criteria: survival -  target > 
75% -  through 24 and 48 hours with and without light algal feed).   
This objective was successfully completed.  There appear to be no inherent short-term 
problems associated with transport and acclimation of these copepods (Bestiolina, 
Parvocalanus) to new sources of natural seawater or microalgal feeds produced in such 
sources.  This is pertinent information because it has generally been observed by all others 
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who have cultured these animals in Hawaii that they are somewhat more delicate (able to 
be physically damaged in culture systems) and difficult to culture in high densities than 
Euterpina and some other types. 
 
We had to wait until early March 2009 to receive copepods from our Oahu collaborators 
because the air-conditioned quarantined shipping-container/laboratory at the PACRC 
facility was under construction and outfitting by our PACRC collaborators.   
 
We received starter cultures of a mixed population of the closely-related small calanoid 
copepods Parvocalanus and Bestiolina from work group member Clyde Tamaru and 
technician Karen Brittain at the HIMB Coconut Island Laboratory on Oahu.  We decided to 
postpone working with  Euterpina at first, because it is widely considered the easiest of 
these three genera to adapt and culture.  The two oxygen-filled transport bags that we 
received contained nauplii in one case, and copepodites and adults in the other.  We placed 
the cultures into four 14 liter (5 gal) plastic aquaria: two untreated (one for nauplii, one for 
adults), and two aquaria containing the received cultures mixed 50:50 with the facility 
seawater from a well.  All vessels were lightly aerated through 1ml glass pipettes.  All four 
were given one liter of microalgal cultures grown in facility seawater, either Isochrysis or a 
50:50 mixture of Chaetoceros and Isochrysis.  We had not  yet received the gear needed to 
make quantitative counts of the copepods and nauplii; indeed, this would prove to be a 
laborious task requiring multiple counting devices because the nauplii are so much smaller 
than the adults and copepodites. 
 
After two days, the populations in all vessels appeared to be thriving with numbers 
maintained (though counts were not made as noted above), and all animals seen were 
motile.  Both copepodites and adults had colored guts indicating successful feeding.  In 
succeeding days, copepodites were seen in the “nauplii” populations, indicating growth 
and development; nauplii were seen in the “adult” stocks indicating reproduction.  No egg 
masses were seen; we note that they are not generally seen in cultures of these species, 
which indicates short incubation time on the female.  The color of the water due to algal 
suspensions appeared reduced each day, and did not change upon mixing the water, which 
did not appear to disturb sediments, thus also indicating algal cell removal by the animal 
populations.  All cultures were examined qualitatively by dissecting microscope daily, but 
it was not possible to assess relative abundance of stages with the densities at hand (1-5 
animals/ml) and time allotted to this task. 
 
 
 
 



                                             Intensified and Alternative Methods for Marine Copepod Production in Hawaii 
 

 

 
December 2009    199 

Objective 3: To document baseline (control) conditions for maintenance of the copepod 
cultures with microalgae in natural seawater.  The protocol will use aerated culture 
volumes of 1-200 liters; algal feed concentrations approx. 0.5-3 x 105 cells/ml; eggs 
produced on normal generation cycles of approx. Two weeks depending on species.   
This objective was successfully completed.  Cultures were maintained by common 
practices, as applied to our small plastic aquaria.  They also did well (and were taken to 
higher densities) by technician Adam Daw of PACRC, who grew a subsample of our 
received cultures in a larger vessel in a nearby, similar laboratory container.  He eventually 
identified copepod eggs in container sediments; none were seen attached to female, 
indicating short egg incubation times. 
 
The cultures (with volumes ranging from 2-10 liters as algal feed was added and volumes 
were split as the aquaria became full) did qualitatively well for about three weeks with 
daily additions as needed of microalgae (exclusively Isochrysis, which is generally accepted 
as a preferred feed species, after the early days) to maintain a color consistent with 
concentrations of 200,000 to 300,000 cells/ml.  Literature suggests that 400,000 is more 
nearly optimal, but this level (or higher) caused clumping and sedimentation of the 
microalgae under our conditions.  The related issues of algal cell concentration, clumping, 
light, sedimentation, water motion/aeration, and adequate threshold feeding levels for 
microzooplankton are pervasive issues that must be addressed in any new situation.  Some 
populations grew rapidly enough that we split and diluted them even though the aquaria 
had not yet been filled by algal culture additions. 
 
Objective 4: To conduct short term controlled experiments to assess the adaptation of the 
copepod cultures to artificial seawater and artificial feed particles (with quantities as in 
Objective 3 above), and to allocate test cultures for longer -term maintenance and 
assessment (target of six months at 1-10 animals per ml in 1- 20 liter volumes).    
This objective was partially completed. We did not get to the point of controlled 
experiments, but made further qualitative observations indicating that the copepod 
populations did as well in artificial seawater, and on microa lgal feed grown in artificial 
seawater, as they did in the facility well water used both as culture medium and algal 
production medium. 
 
On the first day that the cultures were received from Oahu, two additional aquaria separate 
from those described above were set up, each (one for adults and one for nauplii stocks) 
being diluted 50:50 with artificial seawater (ASW), and then fed one liter of algal culture 
on-site (Keaukaha facility seawater, KSW).  That is, these two aquaria had, upon setup, 40% 
ASW.  These did as well as the others previously described for one week. 
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Following this observation, we screen-concentrated on 53 ??nylon mesh a mixed-stage 
sample of copepods and placed them into one liter of ASW in a 2 L plastic container, 
adding 0.5 L of algal feed (in KSW because we had not yet produced our feeding stocks of 
microalgae in ASW).  The animals were in good condition the next day, and were 
transferred to 3 L of ASW in a plastic aquarium, fed with KSW algae, and treated like the 
other containers.   We then placed a more numerous copepod concentration into another 
aquarium with 4 L ASW, feeding them KSW algae.  These did well for another week, with 
nauplii observed in both aquaria, which indicates reproduction because the smaller nauplii 
would not have been a part of the initial screened stock.  Also, any small stages in the 
original stock should have grown to near adulthood in one week, that being the estimated 
natural generation time in Kaneohe Bay.  Therefore, the observation of small nauplii at this 
time would indicate new reproduction in the new setup.  One caution about these 
qualitative observations is that the air conditioning, which was necessary to keep the 
laboratory container from overheating in the sun, was generally keeping the water 
temperatures in the low 20’s, which may have allowed stages to persist longer than would 
be the case in nature. 
 
In order to progress to cultures supported entirely in ASW, we next produced small (20 L) 
batches in clear carboys of Isochrysis in ASW, under natural light alongside the PACRC 
outdoor culture systems.  These were used to feed new start up cultures of copepods 
concentrated and placed into ASW.  The first such culture, started with copepod 
concentrate placed into 2 L ASW and fed 1 L of ASW algal culture, persisted for 15 days, 
with nauplii and copepodites seen at the end of the period.  The population did not become 
dense, however.  Midway through this period, animals were concentrated from this 
culture, to make a “second-generation” new start in ASW with ASW feed.  This culture, 
while not growing to great density, exhibited changes in the abundance of stages (more 
nauplii would be seen, and later the smaller copepodites derived from them) through a 
period of 17 days, by which time numbers had declined. 
 
Following our initial qualitative success, we began to observe new setup populations 
beginning reasonably well, but slowly dwindling.  Though some cultures would increase 
for a few days, and some required splitting because of the high densities they had attained 
(>10 animals / ml), all eventually declined on the time scale of weeks.  Most of these 
observations were of populations with densities on the order of 1-5 animals per ml.  Such 
densities indicated survivable conditions, but obviously not representing sufficient success 
at mass culture for larval rearing of fishes.  During this time we increased our algal 
feedings to make up about 400,000 cells/ml, which did not appear to create denser 
populations.   
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Having had all culture populations eventually decline, we obtained a new population from 
our collaborators at PACRC, to whom we had given a subsample of our original 
population from HIMB.  These had been grown in a neighboring shipping-container 
laboratory in KSW and with KSW-based algal feeds.  We placed concentrates into several 
new containers of ASW and fed them with ASW-based microalgae. Note, we used one 
inverted 5-gallon water bottle outfitted with bottom drainage.  This was an attempt to 
determine whether the more pervasive yet gentle water motion from one glass-pipette 
bubble stream at the narrow bottom would reduce algal clumping and improve culture 
success.  This culture increased in density over about two weeks’ time, with all stages 
present each day, indicating reproduction during most of this period.  The animal density 
was high after nine and 12 days, with good density for at least eight days thereafter.  The 
culture needed to be thinned and was split several times.  This indicates that the ASW, the 
ASW Isochrysis, and the environment were suitable for maintenance and some growth of 
this population.  By this time we had begun to quantify algal cell concentrations in the 
copepod containers.  This culture was supported by concentrations ranging approximately 
350,000 to 550,000 cells, ml (with little clumping, indicating that the aeration pattern was 
effective).   
 
Our inability to maintain cultures for longer periods most likely relates to the low 
temperatures, low light conditions (manually controlled compact fluorescent lamps), or to 
factors we have not yet considered.  Unfortunately, this population, like the others, 
declined by one month after isolation. 
 
We purchased several prepared small-particle feeds: Ori-Culture (Skretting), Algamac 
Protein Plus (Aquafauna Bio-Marine), and Culture Selco Plus (INVE Aquaculture).  These 
products differ in proximate composition, particle size range and degree of uniformity, and 
color, and therefore possibly other characteristics pertinent to their use a feeds for 
copepods.  They are widely sold and used for culture of such planktonic feed items as 
rotifers and brine shrimp.  We mixed them with seawater in a blender and found that all 
produced particle suspensions that appeared microscopically to be potentially workable as 
feeds for the copepods. 
 
We were able to expose copepod cultures only to the Culture Selco Plus product during the 
project period.  Some animals appeared to take the particles in, but our observations 
neither confirm nor deny the potential for production culture of copepods with this feed.  
Blending 0.5 g of the dry powdered product with 240 ml seawater produced a workable 
feed suspension.  We added this to an aquarium with copepods by sight to an amount that 
appeared to be a reasonable feed density based on observations with microalgae.  The next 
day, the particle concentration in the aquarium was 1,260,000 particles per ml, with no 
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clumping.  The copepod population began with adults, copepodites and nauplii observed, 
which persisted for three days. After this time, only adults were seen, and the culture 
declined by day seven.  The feed particles appear to settle somewhat under our conditions 
of water motion, and must be maintained by timely additions. 
 
 Objective 5: [Technology Transfer] To produce an article describing the context and 
early results of the project for the CTSA newsletter Regional Notes.    
This objective could not be addressed because technical progress was insufficient (we did 
not progress to quantitative controlled comparisons) to generate a coherent set of 
information required for a properly informative article. 
 
Objective 6: [Technology Transfer] To plan the dates and content of public workshop 
sessions to be presented during the project's Year 2.  Results will be presented and 
stakeholders will be invited to suggest further directions for project development. 
This objective was not addressed because the PI is not taking the project to Year 2 activity. 
 
 

Impacts 
The ability to produce even modest amounts of copepods without access to natural 
seawater and cultured microalgae will permit more existing businesses and new 
entrepreneurs to evaluate product fishes (using copepods to feed the larvae) and 
operational modes at lower cost.  This project has demonstrated that the calanoid copepods 
can be kept and grown in a low-cost artificial seawater, and fed with cultured microalgae if 
necessary, which can in turn be grown in the ASW.  This means that R & D work with 
copepods can take place in locations without access to natural seawater.  We did not 
establish that artificial feed particles can be used at the same time, but the commercial small 
particle feeds have been used with the other major types of planktonic fish feed organisms. 
 
Hawaii's largest marine food fish producers, the offshore sea cage operators Kona Blue and 
Hukilau Foods, produce fishes (long fin amberjack Seriola rivoliana, and Pacific threadfin or 
moi Polydactylus sexfilis, respectively) that are routinely raised on rotifers and brine shrimp 
as first and early larval feeds.  However, these large companies have conducted R & D 
efforts for other fishes, and are interested in future prospects for diversification.  Should 
such a company take up culture of a fish that requires copepods for the larvae (pink 
snapper for example), the results of this proposed project could translate to significant 
economic value to the industry in a short time. 
 
Two producers of marine ornamentals at the Natural Energy Laboratory of Hawaii 
Authority (NELHA) and at least one on Oahu are known to be interested in development 
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of new products.  Most reef fishes, including the flame angelfish as previously noted, have 
small larvae with very small mouth openings, and it is generally unknown what they eat in 
nature.  Cultured copepods, whose early stage nauplii are smaller and more nutritious than 
rotifers, are a critical food item for development of such new fish species.  More convenient 
and lower-cost copepod culture could help with ornamental product development. 
 
 

Recommended Follow-Up Activities 
These calanoids are known by others to be more difficult for mass culture than the 
commonly used harpacticoid Euterpina.  We were not able to sort out the causes for the 
limits on culture success during this project period.  It is possible that temperatures were 
marginally low; more effort and expense at temperature control should be able to address 
this factor in future efforts.  The nature of the culture containers (plastic storage containers 
of rectangular, aquarium-like shape, with somewhat rounded corners) was possibly good 
for providing spaces of low water motion if that in the bubble stream were too much.  We 
had been told by experienced culturists that water motion should not be too vigorous.  On 
the other hand, the limited water motion may have contributed to the clumping of the 
algae when we used densities suggested by literature for best reproduction and population 
growth, i.e., 300,000 – 400,000 cells per ml.  Algal clumping appeared to be 
disadvantageous in possibly trapping small nauplii.  Clumping, while considered a general 
indicator of some kinds of stress in cultured unicellular microalgae, may have been 
facilitated by the low light conditions in the copepod containers and the limited water 
motion.  These factors should be addressed in future research. 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented  
None to report. 
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Promoting Health Management of Shrimp 
Aquaculture on Guam and the 
Commonwealth of the Northern Mariana 
Islands 
 
 

General Information 
 
Reporting Period September 1, 2009 to September 30, 2009; no-cost extension through 

May 31, 2010 (Progress Report). 
 
Funding Level $35,000  
 
Participants  Hui Gong, Ph.D., Research Scientist  

University of Guam  
 

Kathy Tang, Ph.D.  
University of Arizona, Shrimp Pathology Lab 

 
John W. Brown, Ph.D.  
University of Guam 

 
 

Objectives 
1. To evaluate current shrimp health management practice in the region by conducting 

biosecurity audits of all existing shrimp farms and identify the key risk factors. 
2. To set up farm-specific bimonthly surveillance program in two major shrimp 

farming facilities, one will be selected on Guam and the other on Saipan, as models 
for the other operations. 

3. To promote the awareness of biosecurity in the region via various means of 
education, and to prepare and distribute a comprehensive summary report to 
aquaculture stakeholders and the corresponding government agencies. 

 
 



2009 Annual Accomplishment Report 
 

 

 
206    Center for Tropical and Subtropical Aquaculture 

Anticipated Benefits 
Shrimp farmers in the region will directly benefit from biosecurity audits conducted under 
this project. They will be able to understand their biosecurity status and risks, and can 
utilize suggestions for improvement. If the farmers understand how to prevent their farm 
and stocks from the viral pathogenic introduction, their shrimp production will not be 
greatly harmed by the shrimp viral disease outbreaks and the regional shrimp industry will 
be protected.  
 
 

Work Progress and Principal Accomplishments 
To evaluate current shrimp health management practice in the region, we have conducted 
biosecurity audits of all existing shrimp farms/facilities on Guam and in the CNMI. In 
addition to the University of Guam (UOG) hatchery, also known as Guam Aquaculture 
Development and Training Center (GADTC), there are three shrimp farms in Guam, two in 
Saipan, one in Tinian and one in Rota. We contacted all of them with regards to the health 
management project in order to schedule the biosecurity audits of their facilities. The one in 
Rota was shut down due to an electric outage right before we were about to make the trip. 
Because of no intention of restarting the shrimp operation anytime soon, the farm in Rota is 
thus excluded from the first round of biosecurity audits. 
 
Shortly after, the biosecurity audits were performed for the shrimp facilities in Guam. 
Google Earth provides detailed satellite pictures which are used to pinpoint relative 
locations (Appendix A). During the audit, live shrimp were also fixed on site in both 
Davidson’s solution and 95% ethanol for both PCR and hispathology diagnostics, and 
water samples were taken from the shrimp pond. Afterwards, water samples were 
analyzed in the UOG aquaculture laboratory. The results are shown in Appendix B. Fixed 
shrimp samples were also processed by transferring them to appropriate solvents, labeling, 
sorting and then packing properly prior to ship to the University of Arizona for further 
diagnostic analysis. 
 
As we planned the biosecurity audits in CNMI, we experienced unexpected difficulties in 
obtaining the Davidson’s solution or ingredients at the farm sites. We first looked into the 
possibility of getting the reagents locally, but the approach yielded no avail. Then we 
found out that the procedures of shipping Davidson’s solution from Guam to Rota, Saipan 
and Tinian are quite complicated, time consuming and costly. It took us about four months 
to sort out the ways to do that, and finally get the reagent shipped the destinations after all 
the requirements and regulations were completed. It has proven to be a major hindrance 
for biosecurity audits among the shrimp facilities in CNMI. Because of such a significant 
delay, we are far behind the schedule in carrying out the project and a no-cost extension 
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has been granted. The biosecurity audits were eventually carried out in the third week of 
July, 2009. The live shrimp were sampled in each facility and fixed on site in both 
Davidson’s solution and 95% ethanol for both PCR and hispathology diagnostics. 
 
The farm specific biosecurity reports are pending upon the completion of the diagnostic 
analysis. Once the results are available, the report will be put together and distributed to 
the farmers or facility manager of each site. 
 
 

Work Planned  
The next step is to set up of farm-specific bimonthly surveillance program in two major 
shrimp farming facilities. One will be selected on Guam and the other on Saipan; both will 
serve as models for other operations. Based on the current information collected, GADTC 
will be the one in Guam and Saipan Aquaculture in Saipan. The main reasons behind 
choosing these two facilities are that both have some initiatives in the biosecurity 
implementation. In addition, GADTA provides the shrimp seeds to some of the farms in 
CNMI, and therefore, their health status is very critical for regional health management. 
 
 

Impacts 
The proposed work will help to educate farmers and government official in raising the 
biosecurity awareness through biosecurity audits and routine health surveillance. All of 
these efforts will be fundamental in establishing a comprehensive and strategic regional 
health management scheme to protect the whole region from introduction of viral 
pathogens to the shrimp operations, avoid major disease outbreak, to reinforce the clean 
zone image of the region, and eventually promote long-term sustainable shrimp 
aquaculture development on Guam and CNMI. 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented  
 “Integrated Technologies for Advanced Shrimp Production”. Results presented at 

conference. Honolulu, HI. October 13-15, 2009. 
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Appendix A  
Google Earth: Locations of the four shrimp facilities in Guam 

 
. 
 
Appendix B 
Table. Water Parameters of the 3 shrimp farms for biosecurity audit 
Farm 
# 

Sample # pH Salinity Ammonium Nitrite Shrimp 
size 

1 1 (pond1) 7.72 13ppt 0.01 mg/l 0.001 mg/l 14.64g 
 2 (pond2) 7.07 16ppt 0.04 mg/l 0.024 mg/l   1.70g 
2 1 (pond9) 8.35 31ppt 0.03 mg/l 0.018 mg/l   6.09g 
 2(pond12) 8.22 30ppt 0.10 mg/l 0.095 mg/l   5.43g 
3 1 (pond 1) 7.65 3ppt 0.02 mg/l 0.010 mg/l 24.61g 
 2 (pond 2) 8.71 5ppt 0.09 mg/l 0.016 mg/l 20.49g 
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Objectives 
1. Identify an ion profile close to a hypothesized fish water profile that yields good 

lettuce growth.  This ion profile is the first step to growing plants with fish culture 
water. 

2. Determine the identity and amounts of ions released by fish and predict the identity 
and quantity of ions that may be deficient in an aquaponics system to support 
lettuce growth. 

3. Use the results of the first two objectives to design and test a simplified aquaponics 
system with minimal capital, equipment, and electrical needs.  This may include 
determining if tilapia will thrive in a nutrient supplemented system. 
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Principal accomplishments 
Objective 1: Identify an ion profile close to a hypothesized fish water profile that yields 
good lettuce growth.  This ion profile is the first step to growing plants with fish culture 
water. 
Lettuce sprouts were provided a nutrient solution, and the nutrients provided were 
quantified with inductively coupled plasma absorbance emission spectroscopy.  This 
method was used to follow nutrient uptake over time and proved to be unexpectedly 
accurate.  It provided a blueprint on what was required for growth.  The measurements 
correctly predicted results of follow up trials.  They predicted that Ca and Mg levels could 
be lowered by a half without affecting lettuce growth, N would be taken up at greater 
levels than provided in most fertilizers (this prediction was meaningless because there was 
no boost in growth) and K was required in amounts predicted by the biochemistry.  Lower 
K led to the expected stunting of growth.  The exception was manganese, which was taken 
up completely, but whose absence was not detrimental to plant growth.  The results of 
these experiments painted a very well defined picture of the target nutrient levels needed 
to be met by fish water.  The time course of nutrient uptake (very little in the first three 
weeks of growth, but massive uptake in the last three weeks) accurately predicted when 
nutrient deficiencies would be seen in lettuce plants that were provided nutrients at ½ and 
¼ required levels.  This experiment provided an understanding of when fish water would 
be needed by plants.  
 
Objective 2: Determine the identity and amounts of ions released by fish and predict the 
identity and quantity of ions that may be deficient in an aquaponics system to support 
lettuce growth. 
Given the quantity of nutrients required by lettuce plants determined above, it was 
assumed that 20 L of fish water would be transferred to the lettuce tray daily and the 
necessary concentration of nutrients required in the fish waster were calculated.  Two 
kinds of experiments were done.  In one set of experiments, fish were held at increasing 
densities and fed increasing levels of feed.  Inductively coupled plasma absorbance 
emission spectroscopy was used to measure nutrient levels under these conditions.  Fish 
water with a nitrate N concentration of 47 mg/L was found to provide adequate levels of all 
nutrients, with the exception of iron.  Lettuce grew well in a preliminary aquaponics trial 
that provided 20 L of fish water daily, provided a total nitrate N level of 39 g N over a six 
week grow out period in comparison to the approximately 33 g estimated above.  Iron 
deficiency could be avoided by providing 6.1 g iron chelate to the tray water.  The 
sustainability of nutrient levels was tested by seeing what nitrate N levels could be 
sustained under given feed inputs and water removal rates.  These experiments occurred 
over five weeks in triplicate tanks.  Final sustainable guidelines are 2.1 kg of tilapia stocked 
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in 167 L of water being fed 39.5 g of feed per day.  The system would sustain 50 mg/L, even 
though 20 L of water were provided daily to lettuce plants. 
 
Objective 3: Use the results of the first two objectives to design and test a simplified 
aquaponics system with minimal capital, equipment, and electrical needs.  This may 
include determining if tilapia will thrive in a nutrient supplemented system. 
A final aquaponics trial proved that preliminary work was valid and set aquaponics 
benchmarks.  Two nutrient provision levels were tested: a “low” treatment received 20 L of 
fish water per day, and a “high” treatment received 20 L per day, then 40 L per day when 
lettuce growth became exponential.  Settleable solids were either poured off or added to 
lettuce trays.  Control hydroponics treatments and follow up no manganese and high N 
treatments were also tested.  The “low” treatment grew as well as Controls and other fast 
growing treatments, and received a total N input of 43 g (close to the best previous 
aquaponics results of 39 g N).  The “high” treatment resulted in poorer growth, and 
received a total N input of 53 g.  Reduced growth was not attributable to high N levels, 
buildup of ionic strength in solution, or inclusion of settleable solids, and may have 
resulted from a washout of supplemental iron.  Plants grown in the summer reached 
market size in five weeks: a week sooner than those grown under lower sunlight conditions 
during the early spring. 
 
Three tanks were stocked with tilapia at stocking densities required for aquaponics 
(aforementioned).  Fish were counted and weighed at the beginning and end of the 10 
week trial, and feed inputs recorded.  The fish component of the trial was characterized by 
high survival rates.  Only five out of 154 fish were unaccounted for.  They may have 
jumped out of a tank and been taken away by feral cats or mongooses.  In the most 
representative tank, 3.4 kg of fish were stocked at a mean weight of 70 g, and 6.3 kg of fish 
were recovered with a mean weight of 130 g at the end of the ten week trial.  A total of 2.9 
kg of fish biomass was gained with a feed input of 4.7 kg, with a feed conversion ratio of 
1.6.  The daily weight gain that fit the beginning and end results best was 0.93% per day.  
Normalized to the biomass necessary to support one lettuce tray, the increase in biomass 
was 1.8 kg/10 weeks, or 9.6 kg/year, and feed rate was 3.0 kg/10 weeks, or 15.3 kg/year.  
The percentage of nitrogen converted to fish biomass was about 27%. The percent 
converted to nitrate then to lettuce biomass was about 43%, and about 30% was lost due to 
denitrification or as settleable solids. 
 
Small scale versions of this system would be suitable for families.  A single tray system 
costs $250 to construct and would produce an estimated 499 heads of lettuce with a fish 
component producing 9.6 kg of tilapia annually.  The only electrical component of the 
system is an air pump for the fish tanks, which uses the equivalent of 6 W per lettuce tray.  
Water is fully recycled in this system, and only 3 L of water are consumed per head of 
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lettuce produced.  This system could also be scaled up to a Pacific Island commercial scale; 
the preliminary economics of such a situation are favorable.  A farm with a growing area of 
1000 m2 would contain 270 trays arranged as several raceways and would produce 135,000 
heads of lettuce annually with a corresponding fish component producing 2,580 kg of 
tilapia annually.  Such a system would cost $67,600 to construct.  At the $1/lettuce farm 
gate price in American Samoa, and the Hawaii farm gate price of 8.8 $/kg ($4/lb) for tilapia, 
such a farm would have an estimated annual net profit of $145,000, without accounting for 
land and labor costs. 

 
 

Impacts 
There is a growing local interest in aquaponics systems, but established systems require 
complex engineering and management.  The expenses associated with constructing and 
operating such systems may explain why no commercial aquaponics systems exist.  The 
simplified aquaponics system developed here gained public attention through display set 
up for the 2009 Hawaii state aquaculture week proclamation.  Interested parties were 
shown the array of eight trays used to construct experiments and provided copies of a 
preliminary aquaponics manual.  Those from the Pacific included students from Saipan 
and American Samoa, and the director of the land grant program at the American Samoa 
Community College (ASCC).  The latter is interested in extending the system to families for 
local food production, and offered to house a demonstration system at ASCC. 
 
Interested parties from Hawaii included government organizations such as the Inst itute of 
Human Services and Department of Hawaiian Homelands.  Project group members 
assisted the Hawaiian Homelands staff in establishing a two tray demonstration system.  
The project group took weekly trips to teach the office staff how to manage the system.  
These office staff will eventually teach the home owners living a 21-home community.  If 
the project is successful, the families living in these homes will have the capacity to 
produce 10,479 heads of lettuce and 209 kg of tilapia per year.  Assuming reasonable 
Hawaii consumer prices of $2/head of hydroponically grown lettuce and $14.4/ kg ($7/lb) 
for tilapia, these families could save a total of $21,000 a year in food costs after accounting 
for production costs. 
 
Hawaii vegetable farmers also voiced interest in aquaponics, including Ho Farms for 
growing tomatoes and May’s Wonder Gardens for growing lettuce.  May’s Wonder 
Gardens is interested in growing fish to reduce their fertilizer costs, which they estimate at 
$62,000 annually.  Project group members are currently working with the Hawaii State 
Agribusiness Development Corporation to set up a proof of concept system on site.  Fish 
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feed would replace chemical fertilizer and for every $1 spent on feed, $3.5 would be 
recovered from fish sales based on Hawaii farm gate prices.  The economic impact of 
converting their entire 260,000 lettuce production system to aquaponics would be 
substantial. 
 
 

Recommended Follow-up Activities 
Hands on extension will be critical to transferring technology to farmers in the Pacific.  This 
would be a relatively inexpensive but very effective way to implement research results.  
Having stakeholders implement a technology with an expert present usually results in 
reinforcement for a job well done and sometimes prevents errors from being perpetuated.  
Extension assistance is one of the hallmarks of the land grant system.  The system is likely 
to succeed because there are no expensive components to fail. However, farmers must be 
taught how to feed fish and monitor basic water quality parameters to avoid problems. 
 
Another aspect that requires amplification is expansion to crops other than lettuce.  A 
tilapia farmer in American Samoa began production of watercress aquaponically, and was 
able to sell bags of this for $11/kg ($5/lb).  Shortly after, his homemade trays began to leak 
and production of watercress stopped.  Experienced extension staff could assist farmers in 
designing systems that are sturdy and wouldn’t leak.  Alternative crops that have been 
investigated in hydroponics systems may include tomatoes, watercress, cucumbers, or even 
taro.  These need to be researched in aquaponics systems using an intellectual approach, 
not the same details, as nutrient requirements will likely be different.   
 
An entirely electricity free system would be best for extension to the Pacific Islands that 
have Asian catfish.  We would want to expand the project to include an air breather such as 
Chinese catfish, and this potential should be investigated to a limited extent for locations 
where these species have already been introduced.  Otherwise, the use of tilapia is 
envisioned. 
 
Finally, a demonstration project uncovered a great deal of interest here in Hawaii.  As 
Hawaii is part of CTSA’s area of responsibility, extension activities should include those 
interested in this region as well. 
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Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
Ako, H. and Baker, A.  2009.  Adapting aquaponics systems for use in the American Pacific 

Islands.  Abstract 57 in Asia Pacific Aquaculture 2009, Kuala Lumpur, Malaysia, 
November 3-6, 2009. 
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Appendix 
 
Objective 1 
 
Nutrients provided to lettuce plants on Week 0, and nutrients remaining in solution from 
Weeks 1-6.  Last column is % of nutrients not taken up by plants at the end of the 
experiment.  This table shows that most nutrients are taken up by plants and some are 
taken up very heavily, including manganese, nitrogen, and potassium.  This suggested that 
these nutrients could potentially be limiting lettuce growth.  The numbers at Week 0 and 
Week 6 indicate amounts of nutrients required by the lettuce plants. 
 
The weekly growth of a lettuce plant from the Control is shown in the figure below.  This 
illustrates that the low nutrient uptake in the first three weeks is consistant with the low 
biomass up to this point, as well as the substantial uptake seen from the fourth week on 
when growth becomes exponential. 
 
Table 1.  Weekly nutrient levels in the Control tray from stocking until harvest, 
and the percent remaining at Weeks 4 and 6. 

Nutrients 
Week 

0 
 

Week 
2 

Week 
3 

Week 
4 

Week 
5 

Week 
6 

Week 
4 (%) 

Week 
6 (%) 

Manganese 
(mg) 307 18.9 14.9 5.67 0.76 2.41 2% 1% 
Nitrogen (g) 33 29 34 23 15 1.7 70% 5% 
Potassium 
(g) 53.66 44.55 52.40 39.90 24.76 7.647 74% 14% 
Calcium (g) 31.05 25.03 30.65 25.91 25.28 15.82 83% 51% 
Magnesium 
(g) 16.08 9.239 11.3 9.315 9.065 5.463 91% 53% 
Phosphorus 
(g) 11.2 10.39 12.89 10.09 9.500 5.081 90% 45% 
Iron (mg) 337 385 507 416 419 279 123% 83% 
Zinc (mg) 77.7 86.9 96.9 75.6 79.4 48.2 97% 62% 
Copper 
(mg) 55.5 41.6 44.7 34.0 41.6 31.0 61% 56% 
Boron (mg) 322 276 328 276 283 189 86% 59% 
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Figure 1.  Lettuce at Weeks 1-3 (top row) and Weeks 4-6 (bottom row).  The net pot is 5 cm 
in diameter and the ruler is 15 cm long. 
 
Quantities of nutrients taken up by the Control tray shown in the first data column, and the 
nutrients provided to the Low Ca and Mg, High N, and Low K treatments are shown in the 
next three columns.   This table shows that calcium and magnesium uptake were relatively 
low, and the reduced levels provided to the Low Ca and Mg treatment should not be 
limiting, and should not affect growth.  Nitrogen was taken up to a large extent, the high 
levels provided to the High N treatment should allow for more N uptake, and possibly  
benefit growth.  Potassium uptake was substantial, 46 g, therefore the 34.3 g provided to 
the low K treatment should be depleted and possibly reduce growth. 
 
Table 2.  Nutrient uptake in the Control tray, and amounts  
provided to altered nutrient treatments. 

Nutrients 

Taken 
up in 

Control 

Provided 
to Low 
Ca and 

Mg 

Provided 
to High 

N 

Provided 
to Low K 

Manganese 
(mg) 305 307 307 307 
Nitrogen (g) 31.6 33.3 62.2 33.3 
Potassium 
(g) 46.01 53.66 53.66 34.27 
Calcium (g) 15.24 18.81 31.05 31.05 
Magnesium 
(g) 4.717 6.965 16.08 16.08 

Week 2 Week 3 Week 1 

Week 6 Week 5 Week 4 
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Phosphorus 
(g) 6.117 11.20 11.20 11.20 
Iron (mg) 58.1 688 688 688 
Zinc (mg) 29.6 77.7 77.7 77.7 
Copper (mg) 24.6 55.5 55.5 55.5 
Boron (mg) 133 322 322 322 
 
The nutrients remaining in the Low Ca and Mg, High N, and Low K.  This table shows that 
as predicted, the Low Ca and Mg treatment did not deplete these nutrients, the High N 
treatment took up more N when it was provided, and the Low K treatment depleted nearly 
all of the K provided. 
 
Table 3.  Nutrients remaining in altered nutrient  
treatment trays at the end of the trial. 

Nutrients 
Low 

Ca and 
Mg 

High 
N 

Low K 

Manganese 
(mg) 1.06 2.85 3.56 
Nitrogen (g) 1.42 10.7 1.61 
Potassium 
(g) 2.677 3.791 1.716 
Calcium (g) 4.219 12.42 13.31 
Magnesium 
(g) 1.503 4.144 3.868 
Phosphorus 
(g) 1.733 3.470 3.713 
Iron (mg) 124 246 229 
Zinc (mg) 21.2 39.2 38.8 
Copper (mg) 24.8 32.1 29.0 
Boron (mg) 99.0 167 168 
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Lettuce head weights for the altered nutrient treatments are shown below, and in general 
agree with the nutrient uptake predictions.  The reduced calcium and magnesium levels in 
the Low Ca and Mg treatment did not affect growth.  Although more nitrogen was taken 
up by the High N treatment, this did not result in greater growth.  Depletion of K in the 
Low K treatment resulted in reduced lettuce growth. 
 
Table 4.  Mean lettuce head weights from the  
altered nutrient hydroponics trial. 
Trays Treatment Lettuce head 

weight (g) 
1 and 2 Control 157 ±46a 
3 and 4 Low Ca and 

Mg 155 ±39a 
5 and 6 High N 161 ±25a 
7 and 8 Low K 145 ±32b 
*values with different alphabetical suffixes  
  are significantly different. 
 
Quantities of nutrients taken up by the Control tray by Week four and Week six are shown 
in the first and second data columns, and quantities provided to the ¼ and ½ nutrient 
treatments are shown in the third and fourth data columns.  Here the nutrient uptake data 
show that in the ¼ nutrient treatment Mn, N, K, Ca, Mg, and Cu should be depleted by 
Week four, stunting lettuce growth at this point.  In the ½ treatment all nutrients except for 
Mn and Cu should be adequate at Week four, but N, K, and P should be depleted by Week 
six and stunting should only be seen by Week six.   
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Table 5.  Nutrient uptake in the Control tray, and amounts  
provided to the reduced nutrient treatments. 

Nutrients 

Taken 
up in 

Control 
at 

Week 4 

Taken 
up in 

Control 
at Week 

6 

Provided 
to ¼ 

nutrient 
treatment 

Provided 
to ½ 

nutrient 
treatment 

Manganese 
(mg) 301 305 86.0 172 
Nitrogen (g) 10.6 31.6 8.5 17.1 
Potassium 
(g) 13.75 46.01 12.85 25.70 
Calcium (g) 5.144 15.24 7.12 14.25 
Magnesium 
(g) 0.8654 4.717 2.545 5.090 
Phosphorus 
(g) 1.112 6.117 2.817 5.634 
Iron (mg) -78.9 58.1 172 344 
Zinc (mg) 2.14 29.6 21.50 42.99 
Copper (mg) 21.5 24.6 8.60 17.2 
Boron (mg) 46.1 133 86.0 172 
 
Heights and widths of lettuce heads at Week four and six in controls and nutrient diluted 
trials.  As with the prediction, 1/4th nutrient treatments were significantly smaller at Week 
four.  Somewhat contrary to prediction, ½ nutrient levels were smaller at both four weeks 
and six weeks (Table 6).   
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Table 6.  Average lettuce head heights and widths (cm) of reduced nutrient 
treatments at Weeks four and six, and weights (g) at Week six. 

Week 4 Week 6 
Treatment Head 

height 
Head 
width 

Head 
weight 

Head 
height 

Head 
width 

Control 14 ±2a 33 ±3a 231 ±54a 30 ±3a 41 ±4a 
½ 
nutrient 11 ±2b 29 ±3b 125 ±40b 22 ±3b 32 ±4b 
¼ 
nutrient 9 ±1c 23 ±4c 53 ±19c 12 ±2c 23 ±3c 
*values with different alphabetical suffixes are significantly different. 
 
Objective 2 
 
The nutrients taken up in the hydroponics trial are listed in the first column.  These were 
used to estimate the daily nutrient needs of a lettuce tray over 42 days, assuming that an 
equal daily addition of 20 L/day was okay.  These values serve as a target and were used to 
calculate the concentration necessary shown in the second column.  This table 
demonstrates that fish water can match lettuce needs, except for iron and manganese 
which are much lower and suggests that fish water requires supplementation of these 
nutrients.  Target nitrogen levels in fish water are amounts >37.6 mg/L.  The sample on 4/22 
would almost be good enough for both nitrogen and the other nutrients and the sample 
from 5/6 with a nitrate N level of 47 mg/L would be more comfortable. 
 
Table 7.  Nutrients taken up by lettuce, and their concentration in fish water. 

Ions 

Lettuce 
tray 

uptake 
(g) 

Tray 
uptake per 

day 
(mg/L) 

Fish 
water 
4/11 

(mg/L) 

Fish 
water 
4/22 

(mg/L) 

Fish 
water 

5/6 
(mg/L) 

Manganese 0.305 0.36 0 0.002 0.001 
Nitrogen 31.6 37.6 30 34 47 
Potassium 46.01 54.8 100.7 100.1 104.9 
Calcium 15.23 18.1 22.49 46.17 33.92 
Magnesium 10.61 12.6 13.47 18.56 21.02 
Phosphorus 6.117 7.28 4.46 6.36 10.67 
Iron 0.058 0.49 0.001 0.011 0.038 
Zinc 0.03 0.036 0.01 0.021 0.095 
Copper 0.025 0.03 0.04 0.02 0.059 
Boron 0.133 0.015 0.05 0.09 0.079 
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This figure illustrates the verification of iron deficiency in fish water from a 
preliminary aquaponics trial.  A lettuce tray was provided with 20 L of fish water 
per day, and grown side by side with a Control.  By Week three, the aquaponics 
lettuce plants were severly stunted compared to the Controls.  At this point iron 
chelate and manganese sulfate were added to the tray water at levels equal to that 
provided to the Control, and within days the aquaponics plants showed signs of 
normal growth.  From this point these plants grew normally and reached a 
marketable size two weeks after the Controls. 

 
Figure 2.  Three week old control lettuce (left), three week old iron deficient 
aquaponics lettuce (middle), and the same aquaponics lettuce 10 days after 
addition of iron chelate (right). 
 
A second aquaponics trial was conducted with iron chelate and manganese sulfate added 
to the tray water at the start of the trial, and plants were again provided 20 L of fish water 
per day.  Nitrate N levels were tracked over time to see if fish water additions could keep 
up with lettuce uptake, shown in the table above.  Nitrate N was 25 mg/L representing a 
pre-loading of aquaponics water with lettuce nutrients.  The decline of nitrate N at Week 3 
signaled the start of heavy nutrient uptake, and daily fish water exchanges were increased 
from 20 L to 40 L.  Fish water kept up with lettuce demands, providing a total of 43 g N 
over the grow out cycle.  Heads averaged 259 g by Week five, larger than any other lettuce 
heads in the current trials.  However, it is noted that tray nitrate levels could not be 
maintained at high levels. 
 
Table 8.  Nitrate N in preliminary aquaponics trays Aqua 2 over time (mg/L). 

Date 5/3 5/1
0 

5/1
7 

5/2
0 

5/2
2 

5/2
4 

5/2
6 

5/2
8 

5/3
1 

6/4 6/7 

Week 0 1 2   3   4  5 
Nitrate N 25 41 30 30 32 20 12 14 12 6 3 
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Objective 3 
Lettuce growth results from the final aquaponics trial, shown previously, prove that past 
preliminary experiments were valid and set aquaponics benchmarks.  Controls grew well 
and were provided a total N input of 33 g.  Lettuce provided no source of manganese grew 
equally as well as Controls, and verify that manganese supplementation is unnecessary.  
Plants provided with additional amounts of nitrogen (High N), provided 62 g N, also grew 
as well as controls.  This verified the prior High N treatment results (additional intake but 
no additional growth).  The aquaponics treatment provided “low” nutrients did as well as 
the controls or other fast growing treatments.  It was provided with 20 L of fish water daily. 
This treatment was provided with 43 g N compared with 33 g N provided to the Controls.  
High nutrient treatments were preloaded with nutrients and received 40 L of fish water 
following Week three, during exponential growth.  Reduced growth may be due to 
washing out of iron. 
 
Table 9.  Mean lettuce head weights  
in the aquaponics trial. 

Treatment Weight (g) Total N 
input (g) 

Control 1 334±94ab 33 
Control 2 282±57abc 33 
No Mn 333±72ab 33 
High N 338±52a 62 

Low 345±31a 43 
Low with solids 201±37d 34 

High with 
solids 

254±38bcd 69 

High 234±47cd 51 
*values with different alphabetical suffixes  
  are significantly different. 
 
Working parameters for an aquaponics system were set by the “low” nutrient treatment.  A 
daily addition of 20 L of fish water at about 50 mg nitrate N/L, or a total N input of about 
43 g, is sufficient to grow lettuce.  Solids from fish water should be poured off, and 6.1 g of 
iron chelate added to each tray at stocking. 
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Table 10.  Tilapia growth data from the 10 week trial.  
Fish biomass (g) Mean 

weight (g) 
Tank 

Fish 
recovere
d/stocke

d 
Start End Gaine

d 

Feed 
input 

(g) 

FC
R 

Start End 

Daily 
growt
h (%) 

T1 51/51 3346 5836 2490 4842 1.9 66 114 0.80 
T2 48/48 3375 6316 2941 4724 1.6 71 132 0.93 
T3 50/55 3352 4592 1240 2995 2.4 61 92 0.73 

 
The first data column is calculated N input.  Feed protein level was 42% as determined by 
the Kjehldahl method and 16% of the protein was assumed to be nitrogen.  Some nitrogen 
is removed daily when fish water is fed to lettuce.  The amounts removed are in the second 
data column.  The amount of nitrate nitrogen that should be present given these two factors 
is in the third column.  The fourth data column is measurements of nitrate nitrogen and the 
fifth data column is a calculation of the amount of nitrogen that was recovered as nitrate.  
Calculations were made each week and mean values for each tank over ten weeks are 
shown in the table above.  As nitrate nitrogen is almost quantitatively converted to lettuce 
tissue, these calculations suggest that between 40-50% of the nitrogen input into fish tanks 
was converted to nitrate that was used to produce lettuce. 
 
Table 11.  Nitrogen inputs as feed and percent recovered as nitrate N for  
growing lettuce. 

Tank 

Total 
N 

input 
(g) 

Total N 
removed 
as nitrate 

N (g) 

Theoretica
l nitrate N 

(mg/L) 

Measure
d nitrate 

N 
(mg/L) 

N 
recovered 
as nitrate 

N (%) 
T1 27.7 9.44 109 46 40% 
T2 28.2 8.63 116 45 41% 
T3 21.3 5.2 96.4 41.8 48% 

 
This table shows the percentage of nitrogen inputs recovered as fish, used to grow lettuce, 
and lost in the system.  Some of the nitrogen applied as fish feed is converted into new fish 
biomass.  The new biomass produced is 20.1% protein (USDA, 2007).  This ranges from 22% 
to 32% according to measurements taken here.  The rest is released into the aqueous 
environment.  The amount that is accounted for as nitrate is taken up by lettuce plants.  
This is between 40% to 49%.  The amounts that cannot be accounted for must be lost via 
denitrification or as settleable solids that may be used as a fertilizer for terrestrial plants.  
Thus, 70% of nitrogen provisions are recovered as a salable product for human 
consumption, while only 30% is lost. 
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Table 12.  The fraction of N recovered as fish, lettuce,  
or lost in a simplified aquaponics system. 
Tank Fish 

biomass 
(%) 

Lettuce 
biomass 

(%) 

Solids or 
denitrification 

(%) 
T1 26 40 34 
T2 32 41 27 
T3 22 49 29 

Mean 27 43 30 
 
Aquaponics is reputed to efficiently utilize land and water resources; the table below 
demonstrates that this is true of the newly developed system.  Annual production 
characteristics per tray of lettuce and associated fish component are shown in column 1. 
The present system uses only 3.7 m2 per tray including a 0.6 m walkway between trays.  
These values may also be considered for a tenth hectare, (1000 m2) system, which would 
consist of 270 trays column 2 (probably arranged as raceways with fewer divisions between 
trays).  Each tray produces 48 heads of lettuce every five weeks.  Each year would contain 
10.4 growing periods.  Hence, each tray would produce 499 heads of lettuce per year and 
each tenth hectare would produce 135,000 heads of lettuce per year.  Each tray uses 10 L of 
water a day when the lettuce plants are large due to evapotranspiration.  This is during the 
last two weeks of growth.  Thus, each tray would use 140 L of water per growing period or 
1,460 L of water per year.  Each 0.1 hectare of trays would use 394,000 L of water a year.  
This is 3 L of water per head of lettuce.  It is difficult to imagine only 3 L of water on a 
lettuce plant growing in soil when one waters all the time.  The data generated here 
suggests that each tray requires a tank or other container holding 167 L of fish culture 
water, or 45,100 L per tenth hectare.  Fish production values should be considered 
preliminary as future data may be better with more practice.  One tray of lettuce would be 
associated with produce 9.57 kg of fish per year that would consume 15.3 kg of feed 
annually.  This is equal to a fish production of 2,580 kg of tilapia using 4,130 kg of feed on a 
one tenth acre set up.  The fish component necessary to support an eight tray set up 
requires one air pump which draws 50 watts, or 6.25 watts per tray.  Over a year each tray 
would use 55 kW hr and each tenth hectare would use 15,000 kW hr per year.  These values 
are extrapolated to tenth hectare but it should be noted that some of the hardware would 
be different for a one tenth hectare operation.  For example, an aquaculture blower would 
be cheaper to operate than an aquarium pump and some setup other than 270 individual 
trays would be used. 
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The preliminary economics of a tenth hectare operation in the Pacific Islands are favorable.  
Such a farm would produce 135,000 heads of lettuce a year.  At approximately $1 per head 
which seems to be a farm gate price in American Samoa (Ian Gur, personal 
communication), lettuce would generate $135,000 a year in income.  At Hawaii farm gate 
prices ($8.8/kg), the fish component would yield about $22,700 per year.  This farm would 
generate $77,000 in its first year of operation after subtracting production construction costs 
based on the design presented here.  A commercial farm would probably not use trays.  It 
would use concrete raceways, perhaps and it would use blowers instead of aquarium 
pumps, and there would be a few large fish tanks instead of many 267 L tanks. 
 
Table 13.  System parameters, productivity, and resource usage of a  
commercial scale aquaponics system on an annual basis. 

Amount Profit 

Parameter One 
tray 

One 
tenth 

hectare 

One 
tray 

One 
tenth 

hectare 
Lettuce heads 
produced 

499 135,000 $499  $135,000  

Fish produced (kg) 9.57 2,580 $84.20  $22,700  
Fish feed used (kg) 15.3 4,130 -$19.90 -$5,370 
KOH used (kg) 1.53 413 -$4.16 -$1,120 
Land used (m2) 3.7 1,000     
Water used (L)) 1,456 3,930,000 -$0.26 -$707 
Electricity used (kW 
hrs) 

1.2 405 -$0.35 -$117 

 Oasis cubes 499 135,000 -$19.60 -$5,280 
Building costs   -$250 -$67,600 
Net profit   $289  $77,506  
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Kahala Broodstock Management  
 
 

 
General Information 
 
Reporting Period   October 1, 2008 to September 30, 2009; no-cost extension to 

March 31, 2010 (Progress Report). 
 
Funding Level  $92,500 
 
Participants   Charles Laidley, Ph.D., Director 

Finfish Department, Oceanic Institute  
  

Chad Callan, Ph.D. 
Oceanic Institute 

  
Mr. Ken Liu 
Oceanic Institute 

  
Mr. Neil Sims 
Kona Blue Water Farms 

  
Ms. Jennica Lowell 
Kona Blue Water Farms 

 
 

Objectives  
1. Design and commission a two-tank recirculating aquaculture system (RAS) for 

holding kahala broodstock.  

2. Establish an expanded kahala broodstock population (eight tanks, four at OI and 
four at KB) for study of broodstock holding systems. 

3. Compare broodstock health and performance in flow-through versus water reuse 
broodstock holding systems using either water derived from saltwater wells (OI) or 
ocean water (KB). 
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4. Evaluate long-term effects of a formulated commercial diet on broodstock health 
and reproductive performance at both OI and KB. 

5. Disseminate project findings on kahala broodstock holding conditions through 
presentation of results at the annual Hawaii Aquaculture Association meeting and 
through CTSA Regional Notes. 

 

 

Anticipated Benefits 
Pioneering research conducted by the Oceanic Institute and Kona Blue Water Farms, LLC 
(both of Hawaii) has led to the rapid development of kahala (Seriola rivoliana) as one of the 
key U.S. successes in marine aquaculture. These efforts have led to the first large-scale 
commercial hatchery and open ocean growout operation for this species, generating high-
value, sashimi-quality, ocean-raised fish for high end sushi bars, white-tablecloth 
restaurants and high-end retail outlets. Although kahala broodstock have now been 
successfully domesticated, egg supplies continue to be variable due to challenges in long-term 
broodstock maintenance and concern over the effects of environmental and dietary factors on 
egg quality. Therefore, the goal of this collaborative project between the Oceanic Institute (OI) 
and Kona Blue (KB) is to establish and optimize broodstock holding conditions toward 
securing long-term broodstock health and developing a more reliable year-round supply of 
viable eggs to facilitate year-round hatchery output. In addition to assisting commercial 
operations at KB, results of these studies will assist other commercial startups in determining 
the best methods for maintaining valuable broodstock populations. 
 
 

Work Progress and Principal Accomplishments 
Objective 1: Design and commission a two-tank recirculating aquaculture system (RAS) 
for holding kahala broodstock. 
In preparation for planned broodstock holding trials, we completed commissioning of two 
2-tank broodstock holding systems for comparison of flow through and recirculating water 
treatment systems for holding kahala broodstock. Each system is composed of two 12’ 
diameter by 6’ deep fiberglass tanks housed in photoperiod and temperature-controlled 
holding rooms (two tanks per room). Water enters the tanks through submerged multi-port 
inflow manifolds built into the walls of the tanks and exits by way of both a bottom drain 
at the center of the tank for removal of uneaten feed and feces, and a side drain with 
surface egg collector system for collecting eggs (Figure 1). 
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Figure 1. Photographs of kahala 
broodstock holding facilities. 
The top left photo shows the 
hallway between separate 
broodstock tank rooms. Each 
room has two 12’ diameter x 6’ 
deep broodstock tanks (top 
right) outfitted with both center 
drain (bottom left) and surface 
egg collector (bottom right). 
The flow-through water 
treatment system was 
upgraded with a vacuum 
degassing column to help 
reduce gas bubble-induced trauma to kahala broodstock and pressurized glass filters to 
remove particulates entering from the OI/SLP saltwater well system (Figure 2). The 
degassing column successfully lowered total gas pressure from typical inflow values of 
106-110% down to 97-98% after degassing. Re-pumping and use of air stones tended to 
bring total gas pressure slightly (to ~100%). The pressurized glass filter appears to be 
working well. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Photographs of the upgraded flow-through water treatment system 
supplying water to the kahala broodstock. The left panel shows the vacuum 
degassing column which effectively uses the weight of the water column to create a 
vacuum leading to degassing of the supersaturated well water in the sump tank 
(center panel). Following degassing, the water is pumped through pressurized 
crushed glass filter units (right panel) prior to supply of kahala broodstock tanks. 
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A recirculating water treatment system was also commissioned to examine the use of 
recirculating aquaculture system (RAS) technologies to supply water for broodstock 
holding (Figure 3).  The commissioned system collects broodstock tank water effluent from 
both the bottom and side drains into a central sump system from which the water is 
pumped up to fluidized sand biofilter from which water then flows by gravity back down 
through the protein skimmer, high-output UV sterilizer and back to the broodstock holding 
tanks. 
 
 

 
 
 
 
 
 
Figure 3. Photographs of sump system (left) which collects both bottom and 
surface water from both tanks for pumping up to fluidized sand biofilter and 
protein skimmer treatment modules (center) after which water flows back 
through a high-output UV sterilizer (right) back to the broodstock tanks. 

 
Objective 2: Establish an expanded kahala broodstock population for study of 
broodstock holding systems. 
At OI, a total of 40 kahala broodstock (approximately 6 to 12 kg) were taken through a 
four-week quarantine period and randomly stocked into each of the four broodstock tank 
holding systems. Although broodstock were ready for stocking in early January (at project 
commencement), delays in tank and over tank lighting system repairs postponed stocking 
of broodstock into the new holding systems until May 2009. In addition, we supplemented 
the broodstock populations with four additional (~2 kg) kahala per tank from a recent 
growout trial. 
 
Objective 3: Compare broodstock health and performance in flow-through versus water -
reuse broodstock holding systems, using either water derived from saltwater wells (OI) 
or ocean water (KB). 
With OI system design and commissioning complete, we have started to monitor the effects 
of broodstock holding systems on kahala reproductive performance beginning in June 
2009.  To allow for biofilter conditioning, both systems are being run using OI/SLP well 
water for the first six months of operation, with planned conversion to ocean water in the 
recirculating aquaculture system, once the biofilters are fully conditioned, scheduled for 
early November.  
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CTSA Kahala Water Source Trial
Fish in Flowthru Water
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Data collected to date suggests that broodstock quickly adapted to the new holding 
systems with almost immediate resumption of spawning activity in both types of holding 
systems (Figure 4) suggesting that the smaller (12’ diameter x 6’ deep) tanks, compared 
with larger (20’ diameter x 4’ deep) tanks are acceptable for this species.  Both flow through 
and recirculating designs appear to effectively support the broodstock, with mean monthly 
egg production of 1.2 million eggs from the flow through treatment group and 1.4 million 
eggs from the RAS treatment group. However, egg production in the flow through group 
appears more up and down, while the RAS group appears to be undergoing a steady 
decline in egg output. 
 
Figure 4. Comparison of 
reproductive performance of 
kahala broodstock using flow 
through (tip panel) and 
recirculating water (bottom 
panel) sources over the project 
period to date.  
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In part, this decline in egg output in the RAS group may be associated with poorer water 
quality in this group as the water continues to have relatively high levels of suspended 
solids giving the water a more cloudy appearance. Both systems appear to have reasonable 
fertility rates (66% for flow through and 78% for RAS) and relatively poor egg viability 
rates (53% for flow through and 39% for RAS) (Fig. 5). Although egg viability rates appear 
quite variable in both groups, there is a distinct trend of decreasing egg viability in the RAS 
treatment group. 
 
 
 
 
 
 
 
 
 
Figure 5. Comparison of 
reproductive performance 
presented as tank fecundity 
(top panel), fertility rates 
(middle panel) and viability 
rates (bottom panel) for 
kahala broodstock under flow 
through and recirculating 
water sources over the project 
period to date.  
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Objective 4: Evaluate long-term effects of a formulated commercial diet on broodstock 
health and reproductive performance at both OI and KB. 
The relatively low fertility and egg viability rates for both flow through and RAS treatment 
groups, despite good spawning output, is a concern, and suggests that the commercial diet 
may not be optimal. However, broodstock staff noted a distinct change in the protein 
source of the broodstock diet from fish meal in earlier effective diets to poultry meal in the 
current diet. Therefore we are working with the feed manufacturer to gain access to a 
higher quality broodstock feed containing calamari squid meal for feeding fish stocks in 
efforts to improve egg quality. 
 
Objective 5: Disseminate project findings on kahala broodstock holding conditions 
through presentation of results at the annual Hawaii Aquaculture Association meeting 
and through CTSA newsletter Regional Notes. 
At project completion we plan to release a summery of our finding’s through CTSA’s 
Regional Notes and provide a presentation on kahala culture for interested stakeholders. 
 
 

Work Planned 
Over the next project period we will continue to monitor reproductive performance of 
broodstock populations in flow through and recirculating aquaculture systems. The water 
supply for the recirculating system will be upgraded with a pressurized sand filter to help 
improve solids removal and switched from well water to ocean water to see if water source 
may be a factor in poor egg quality (i.e., lowered fertility and egg viability rates) seen to 
date. In addition, we will also supplement two of the four tanks (one flow through and one 
RAS) with an improved broodstock diet formulation supplemented with calamari squid 
meal as an alternate factor affecting overall egg quality. At the end of the project period we 
will also write an article for CTSA Regional Notes outlining project activities and results. 
 
 

Impacts 
Project findings will help develop improved holding methodologies for high-value kahala 
broodstock as a key prerequisite for commercial culture of this species. Improved 
broodstock holding technology will help improve the health and reproductive performance 
of extremely valuable captive broodstock populations and help generate a year-round 
supply of high-quality eggs for hatchery operations. Finfish culture is the fastest expanding 
component of the Hawaiian aquaculture industry and a key to continued success in the 
development of economically and socially responsible utilization of marine resources in the 
state. 
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Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
None to report. 
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Improving the Hatchery Output of the 
Hawaiian Pink Snapper, Pristipomoides 
filamentosus to Meet Stock Enhancement 
and Open Ocean Aquaculture Expectations 
 
 

General Information 
 
Reporting Period  October 1, 2008 to October 31, 2009; no-cost extension through March 

31, 2010 (Progress Report). 
 
Funding Level $24,000 
 
Participants Clyde Tamaru, Ph.D., University of Hawaii 

College of Tropical Agriculture and Human Resources, (CTAHR) 
Department of Molecular Biosciences and Bioengineering.  

   
   Petra Lenz, Ph.D.  
   Pacific Biomedical Research Center (PBRC). 
    
   Karen Brittain 
   Hawaii Institute of Marine Biology 
   
   James Jackson, Graduate Student 
   Department of Zoology, University of Hawaii at Manoa 
 
 

Objectives 
1. Improve survivorship and growth of opakapaka larvae through improvements in 

live feeds through controlled feeding trials, and complementary observations on 
foraging behavior. 

2. Increase hatchery output by improving other tank conditions. 

3. Transfer developed technology to appropriate end users. 
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Anticipated Benefits 
Anticipated benefits of the work will be the development of hatchery technologies for the 
production of a new marine species.  That successful outcome would have two potential 
impacts being 1) expansion and diversification of the open ocean culture ventures and 2) 
opening the door to conduct stock enhancement activities for this highly sought after 
species.  Additional benefits would be the availability of hatchery technologies for marine 
species that have correspondingly small larvae, and the opportunity to artificially 
propagate a host of other marine species.   
 
 

Work Progress and Principal Accomplishments 
Objective 1: Improve survivorship and growth of opakapaka larvae through 
improvements in live feeds through controlled feeding trials, and complementary 
observations on foraging behavior.  
Progress for this objective includes:  1) establishment of cultures for two species of calanoid 
copepods:  Bestiolina similis and Parvocalanus crassirostris, and 2) testing and timing of 
nauplius production in batch cultures and in a bioreactor.  Work was completed at the 
Pacific Biomedical Research Center located on the Manoa Campus.   
 
During the previous reporting period (e.g., October 2008), two preliminary rearing trials 
were initiated to define the two initial feeding transitions:  1) first feed and 2) feeding at the 
10-15 day-old stage.  First feeding of opakapaka larvae was tested in a 200-L rectangular 
plexiglass aquarium where the larvae were exposed only to Bestiolina similes.  Because the 
sides of the tank were clear, feeding observations and monitoring of the tanks was easily 
accomplished and it was clear that nauplii were being consumed in large quantities.  
Copepodite abundances stayed stable, but tanks needed to be supplemented with nauplii 
on a daily basis, in particular after day five.  Behavioral observations indicate that the fish 
larvae made frequent feeding strikes.  They succeeded in catching the nauplii but not the 
copepodites.  After good survivorship for the first ten to 12 days, mortality increased 
dramatically, and by day 18 no fish larvae were left.  This period corresponded to a 
morphological change in the fish larvae and further development did not succeed under 
the cultivation and feeding regime examined.  Behavioral observations suggest that at even 
the later stages the fish larvae were still not capable of catching the copepodites. 
 
During the previous reporting period, a graduate student with appropriate standing in the 
Department of Zoology was successfully recruited and started on the project effective 
January 1, 2009.  The initial focus of the student, James Jackson, has been on learning 
copepod and rotifer culturing techniques because the timing of his hire was outside the 
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normal spawning season.  During the reporting period, he learned to distinguish the two 
common paracalanid species used in aquaculture.  These two species are very similar 
morphologically and proper identification requires a close look at the fifth pereiopod; this 
means that adults need to be staged, mounted for microscopy and examined under a 
compound microscope.  James has established separate cultures for both species in the lab, 
and routinely checks the cultures for species identification. 
 
In addition, James has worked out the protocols for diluting stock cultures to produce large 
blooms of nauplii, a necessary process in first feeding experiments.  A trial run using moi 
larvae has given James the experience on how to coordinate phytoplankton production 
with increased nauplius production and the feeding requirements of the fish larvae.  
 
His first feeding experiment consisted of four treatments with stocking densities mimicking 
those to be used in with opakapaka larvae with each treatment being triplicated.  Moi eggs 
were obtained on March 22, 2009 from the Oceanic Institute and the treatments were: 
 

1.) no feeding (control) 
2.) rotifers only 
3.) copepod nauplii only 
4.) copepod nauplii & rotifers together 

 
Larvae, live food organisms and background phytoplankton were all conducted in 6-L 
containers and run for seven days.  Live food densities and mortalities were monitored 
daily.  Results obtained are summarized in the following table. 
 
 

Table 1. Summary of survival of first feeding moi larvae provided different live food 
organisms. 

 
Treatment Survival (%) 
no feeding (control) 0.0 
rotifers only 45.0 
copepod nauplii only 35.0 
copepod nauplii & rotifers 
together 

27.5 

 
The results were very encouraging given that this was the very first attempt by the 
graduate student at the rearing of all of the components (e.g., phytoplankton, live foods 
and moi larvae) of a first feeding experiment.  The experience provided practice for the 
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1 mm

EggsFecal pellets

N1  
Nauplii

graduate student and confidence that he will be able to complete the tasks using 
opakapaka larvae. 
 
As mentioned previously, the hiring of the graduate assistant took place during the off 
season for spawning of  opakapaka.  In addition to his training in phytoplankton and live 
feeds culture methods, he has been collaborating on a  related project entitled “Airlift 
Bioreactor Based Production, 
Preservation, and Collection of 
Copepod Eggs”.  The project is being 
supported by a grant from the 
University of Hawaii Sea Grant College 
Program, and the investigators are  
Petra H. Lenz and Michael J. Cooney. 
The goal of this project is to develop 
and test a bioreactor for the cultivation 
of copepods and the production of 
copepod nauplii and eggs which would 
have obvious utility for the opakapaka 
project.  The bioreactor was tested on 
Bestiolina similis, one of the copepod 
species being used in the rearing of 
opakapaka larvae that is also used for 
other aquaculture enterprises in Hawaii 
and elsewhere.  The design of the 
bioreactor takes advantage of the positive 
phototactic response by the copepodite, water depth and varying temperatures within the 
growth chamber and collection vessel.  It was found that the bioreactor growth chamber 
supported copepodite growth and reproduction.  The bioreactor was also found to be able 
to efficiently separate the eggs and nauplii from the adult copepods with 10% of the eggs 
remaining in the bioreactor and hatching  into nauplii.  This level of retention should keep 
the bioreactor well stocked over longer periods. The level of separation of the eggs and 
resulting nauplii found in the collecting chamber (Figure 1) is especially intriguing as it is 
uniformly naulpii and eggs.  The remaining question is if it can be used to be a continuous 
source of this important live food.  
   
The first rearing trials to investigate first feeding were initiated in June of the current 
reporting period.  One of the most basic of investigations was conducted and this was a 
comparison of larval growth between a fed and unfed group.  Spawned eggs were 
provided from the broodstock holding facility located at the Hawaii Institute of Marine 
Biology and transported to PBRC via UH courier.  The eggs were split into two 20-L 

Figure 1. Low magnification view (16x) of egg 
collection jar contents 
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plexiglass tanks and supplied with a continuous source of aeration over the next 24 hours 
while the larvae hatched.  A 50% exchange of seawater and siphoning of the tank was 
conducted each day, followed by the introduction of copepod nauplii (Parvocalanus 
crassirostris) 48 hours after hatching.  Between 5-10 larvae were retrieved from each tank at 
six hour intervals, at which time total length was obtained using a compound microscope 
equipped with an ocular micrometer.   A summary of the temporal changes in total length 
of opakapaka larvae that took place between the two treatment groups is summarized in 
Figure 2.  A significant change in total length of the non fed larval group is clearly evident 
just after 80 hours (3.3 days) post-hatching.  The data indicates that introduction of live 
food organisms must take place no later than the third day post -hatch.   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
Additional laboratory-scale rearing trials (n=2) focused on the suitability of a particular live 
food organism as a first feed.  These trials were conducted in 7.5 L rearing vessels provided 
with a continuous source of seawater and stocked with the various feeding treatments:  
 

• Rotifer only (10 – 20 individuals/ml) 
• Copepod nauplii + rotifers  (10-20 individuals each/ml) 
• Copepod nauplii only (10-20 individuals/ml) 

Figure 2.  Summary of the temporal changes in total length of 
opakapaka larvae in a fed and non-fed treatment group. 
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• Phytoplankton only (e.g, Isochrysis  galbana) 
• no feed control 

 
The trial was conducted for seven days post-
hatching, which is the time when total mortality 
is observed in the no feed control.  Two separate 
experiments were conducted during the 
reporting period and the results are summarized 
in Figure 3.  During the second trial the 
experiment was terminated on the seventh day 
post-hatch to be consistent with the first trial.  
However,  there were a few surviving larvae 
that were present in the phytoplankton only 
treatment and is thought to be an aberrant 
situation as the remaining larvae were clearly 
about to pass away.   Some interesting trends 
were observed from these laboratory-scale trials 
the first being the significantly lower survival of 
the larvae when rotifers are presented as a first 
live food organism.  While the result was not 
unexpected, in both trials, the treatment was 
significantly (P<0.05) lower than when copepod 
nauplii were used either in combination with 

rotifers or when copepod nauplii are used alone.  
What is of particular interest is the significantly 
higher survival and growth of the first feeding 
opakapaka larvae when it is presented only with 
copepod nauplii.  The introduction of rotifers at first 
feeding provides no apparent benefit and may actually be detrimental.  Gape size of larvae 
presented the different feeding regimens were particularly revealing as there was not 
change in gape size between larvae fed rotifers only and rotifers combined with copepod 
nauplii.  Larvae presented copepod nauplii only resulted in larvae possessing significantly 
large gape sizes (data not shown).  The results are consistent with the challenges that have 
been encountered with transitioning the opakapaka larvae on to rotifers although the 
rationale for that response remains elusive.  
 
Objective 2: Increase hatchery output by improving other tank conditions. 
This objective is reliant on the defining of a suitable feeding regimen and that is an 
outcome of Objective 1. While it is apparent that the fist feeding challenges can be 

Figure 3.  Summary of survival and growth 
of first feeding opakapaka larvae  presented 
with a variety of live food combinations. 
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overcome with the use of copepod nauplii the transitioning to the next live food organisms 
remains to be determined.  Additional trials are being undertaken to address this 
remaining roadblock. 
 
Objective 3: Transfer developed technology to end users. 
First feeding larval rearing trials that were done with the moi larvae as a training exercise 
did result in data that was useful to the hatchery manager of Hukilau Foods and their 
hatchery operations.  Some thought about incorporating copepods into the rearing protocol 
of moi larvae has been ongoing for several years.  The question about whether there was a 
definite need and insight was provided as a result of our initial trial.  Essentially, there is 
no benefit for using copepod nauplii for raising moi larvae and for that reason, further 
research is not being actively pursued unless the need arises such as with an alternative 
fish species. 
 
Information being generated directly benefits the larger NOAA supported project, as it 
affirms the information to date regarding the utility of the copepod nauplii as the first 
feeding organisms for opakapaka larvae.  The result indicating rotifers are unimportant has 
been found in other marine species as well, and has resulted in a rethinking of their use as 
a transitional feed and an investigation into other live food organisms as the transitional 
food item. 
 
The initial filming of the behavior of the larvae towards the adult and nauplii stages, and 
their inability to capture the older stages, has also resulted in a rethinking of the current 
protocol of having adults in the rearing tank during the rearing process.  Currently, adult 
copepods that have been conditioned with a high dose of Isochrysis galbana are stocked into 
the larval rearing tank, resulting in a subsequent bloom of nauplii at densities of 10-20 
individuals/ml.  However, the number of adult copepods may also be a distraction to the 
larvae, as they were seen chasing after the adult copepods in a futile attempt to capture 
them as food.  That type of interaction may result in an unnecessary expenditure of their 
energy and take away from their development and growth.  Clearly, additional work needs 
to be conducted at the laboratory level to provide insights that can be tested at the larger 
scale trials at HIMB.    
   
 

Work Planned  
Larval rearing trials that focus on food requirements for day seven post-hatched larvae are 
currently in progress.  Using the results determined to be optimal for growth and survival, 
the graduate student has been able to raise larvae at the PBRC facility where he can initiate 
the additional tasks that were defined in the proposed work plan.  The number of trials, 
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however, able to be completed will be problematic, as we have reached the end of the 
spawning season.  Future work during the off season will include summarizing the data 
obtained during the current reporting period and incorporating those results in future 
trials at HIMB. 
 
The exact age of the larvae and the appropriate food items that are to be used for filming 
are dependent on the outcomes of trials being undertaken under Objective 1.  The 
experimental set-up designed by Dr. J.R. Strickler is available in the Lenz lab. Both Rudi 
Strickler and Ed Buskey will be in Hawaii for some collaborative working during mid 
January. Outside of the opakapaka spawning season, the plan is to work on other predators 
about the size of the opakapaka larvae (such as chaetognaths and predatory copepods).  
The plan is to teach James Jackson the filming techniques so that he can duplicate the 
protocols with opakapaka during the spawning season in 2010.  The observations will 
provide an overall quantification of predator-prey encounters, number of attacks and 
successful captures by the larval fish.   The desired outcome is that these experiments will 
provide insight as to the importance of prey motility and behavior on first feeding, the 
development of hunting competency in the fish larvae and perhaps why a particular prey 
item is preferred over another. 
 
Last but not least, the data summarized will be presented at the 2010 annual Tester’s 
symposium held by the University of Hawaii Department of Zoology (usually in April).   
 
 

Impacts 
If successful, the results of the project would ultimately lead to the addition of another 
species that could be cultured utilizing the open ocean culture technologies already 
deployed. The market demand for the pink snapper is higher than that of the two species 
already being cultured. Therefore, the potential impacts of the project  would be substantial 
as currently production outputs for the Pacific threadfin and Kona Kampachi are 400,000 
lbs and 600,000 lbs per annum. 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented  
None to report.
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Determining aquaculture bottlenecks of 
Pacific threadfin (Polydactylus sexfilis): 
Increasing fry survival, growth and quality, 
Years 1 and 2 
 
 

 

General Information 
 
Reporting Period  January 1, 2009 to September 30, 2009 (Year 1 Progress Report). 
 
Project funding  Year  Amount 

   1  $75,000 
   2  $75,000  
TOTAL  $150,000 
 

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

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

 
Ken Liu, M.S., Research Associate 
Finfish Department, Oceanic Institute 

 
John R. Cates, Jr., Ryan Murashige, and Aaron Moriwake 
Hukilau Foods, Grove Farms Moi & Poi 

 
 

Objectives 
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.  

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. 
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3. To determine the efficacy of adding iodide to larval/fry rearing water to increase 
their survival, and growth to stocking size. 

4. To prepare reports, and publications for dissemination and transfer of technology 
and methodologies to the public. 

 
 

Anticipated Benefits 
The long-term investment in moi culture R&D by CTSA helped create core hatchery 
technologies leading to the successful development of commercial moi production 
operations in Hawaii, and the first commercial open ocean fish farm in the United States. 
However, in order to survive in a highly competitive global economy, it is important that 
we continue to invest in improving fingerling production technologies and address 
emerging challenges. Although current production methods are now successfully 
generating year-round egg supplies and large scale (~300,000 /mth) fingerling production, 
the species appears particularly prone to thyroid deficiency issues that cause high rates of 
broodstock turnover and possible impacts on egg quality and larval performance. 
Therefore this project will provide practical solutions to improve broodstock health and 
impacts on fingerling production. In addition, the project will yield critical new 
information on the role of thyroid hormones in reproduction and the early developmental 
processes. The overall benefit of this project will be an improved broodstock holding 
protocol that will greatly improve retention of highly valuable broodstock and lower 
operational costs. Furthermore, this project may also improve egg quality and larval 
performance through the hatchery period, again helping to improve overall production 
output and lower operational costs.  
 
 

Work Progress and Principle Accomplishments 
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. 
One of the issues that has arisen with the development of open ocean farming of moi is the 
high rates of mortality, especially goiter associated mortality, in captive broodstock 
populations maintained at the Oceanic Institute for moi fingerling production. Earlier 
analytical studies examining saltwater derived from the OI/SLP well system showed 
relatively normal total iodine (I) levels, but most of the I was in an oxidized form (IO3), 
with relatively low availability of iodide (I-) (Crow et al., 1998). Despite the apparent 
availability of iodine, these conditions (possibly in combination with relatively high NO3- 
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levels) are clearly impacting the ability of moi to synthesize sufficient quantities of thyroid 
hormones leading to goiter formation. It also appears that the rates of goiter associated 
mortality are increasing over the last five years (Figure 1). Examination of broodstock 
records show that the goiter problem appears to be relatively slow to develop, with goiter 
associated mortalities taking several years to manifest, and no apparent problems during 
growout on pelleted diets and early broodstock conditioning. However, after three years in 
captivity, goiter related mortality rates increase dramatically (Figure 2), leading to rapid 
depletion of these highly valuable broodstock. 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Annual percent mortalities associated with goiters in the OI moi 
captive broodstock program over the last five years, showing increasing rates 
of goiter development over time (left panel), and age-associated changes in 
percent mortalities associated with goiters showing a rapid increase in goiter 
formation in broodstock after three to five years in captivity (right panel). 

 
The peak in goiter formation at three to five years of age appeared to coincide with the 
timing of sex-change from male to female in this protandrous hermaphrodite, leading to 
increased iodine/thyroid hormone requirements associated with monthly egg production. 
However, our data shows similar goiter related mortality rates for males and females 
(Figure 2), which instead suggests that goiter formation requires several years to fully 
develop. 
 
Figure 2. Sexual gender 
associated changes in percent 
mortalities associated with 
goiters in the OI moi captive 
broodstock program, showing 
relatively similar goiter 
frequency in functional males 
and females. 
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In an effort to restore the normal thyroid economy of these valuable broodstock animals, 
we conducted a trial supplementing iodine through either the water or the diet. Data from 
these trials showed that goiter frequency is much higher in fish fed mixed raw diet 
(composed of alternate feedings of frozen smelt, squid and shrimp) than in broodstock 
receiving iodine supplementation in the water, or in the diet (Figure 3).  
 
 
 

 
Figure 3. Effect of iodine 
supplementation through the 
water and through the diet on 
goiter associated mortalities. 
 

 

 

 
 
However, despite the supplementation, even the treated stocks continue to show some 
degree of goiter formation, suggesting the need to further improve the iodide 
supplementation protocols (Figure 3). Efforts to date suggest that it is far simpler (and less 
expensive) to supplement broodstock diets than to continuously add iodine to large 
volumes of water passed through the broodstock tank systems. Therefore, our continuing 
effort will focus on the dietary route of iodine supplementation. However, development of 
nutritionally complete broodstock diets is in itself a major long-term research project, as 
evidenced by inferior reproductive performance of broodstock on two tested broodstock 
formulations compared with stocks maintained on the mixed (smelt, squid, shrimp) raw 
diets (Figure 4), despite improved thyroid status. Therefore, all stocks have now been 
switched back to raw diet feeding to support necessary egg production requirements for 
moi fingerling production for stock of offshore cages. Since this conversion back to raw 
broodstock feed, we have noted an increase in goiter related mortalities, although the fish 
maintained on the supplemented diets continue to express a lower goiter mortality rate 
than those strictly on the raw diet. 
 
Since larger broodstock moi are both relatively rare and extremely valuable, project 
research over the upcoming project period will focus on developing a juvenile moi model 
for development of optimized dietary iodine supplementation methods. Once developed 
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we will test the developed method for efficacy in preventing broodstock goiter 
development and subsequent effects on egg thyroid hormone deposition and larval 
performance. 
 
 
 
 

 

 

 

 

 

 

 

  

 

 

 

 

 
 
Figure 4. Effect of iodine supplementation through the water and through the 
diet on reproductive performance of moi broodstock. Raw diet fish receive 
alternating feedings of smelt, squid and shrimp. KI in the water received a 
potassium iodide drip to maintain tank iodide levels at approximately 
0.06ppm. The vitalis and OI formulated diets provide iodine supplementation 
as part of the mineral mix in the formulated diets. 

 
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 
Preliminary data on eggs (actually embryos) obtained from the four dietary and water 
supplemented treatments above, and from a group of broodstock maintained at the 
Anuenue Fisheries Research Center (Anuenue) using water source with more normal 
iodine levels, were analyzed for thyroid hormone content by the research team of Gordon 
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Grau at the Hawaii Institute of Marine Biology. These preliminary data demonstrated that, 
in addition to reduced rate of goiter formation, the increased levels of iodide from either 
the diet or tank water can be used to effectively increase level of both thyroxine (T4) and 
tri-iodothryonine (T3) in developing eggs/embryos (Figure 5). The best response was seen 
in fish receiving either potassium iodine-supplemented tank water, or the OI broodstock 
diet, with relatively high levels of iodine, again suggesting the need to optimize dietary KI 
supplementation protocols.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Egg thyroxine (T4) and triiodothyronine (T3) levels in early 
embryos generated from broodstock maintained on various (raw, vitalis, OI) 
diets or water sources (raw+KI, Anuenue). Data shows a significant 
improvement in thyroid status in broodstock receiving elevated levels of 
available iodine through either diet or water. Assay data courtesy of Witt et 
al., unpub. 

 
Objective 3: To determine the efficacy of adding iodide to larval/fry rearing water to 
increase their survival, and growth to stocking size 
Eggs/embryos from each of these preliminary treatment groups were evaluated for early 
hatchery performance in a replicated (200L) hatchery tank system with 24 flow-through 
tanks using normal OI/SLP water, which has relatively low levels of bioavailable iodine for 
thyroid hormone synthesis. Results from this trial showed no significant affects of either 
dietary or waterborne iodine levels on hatching rate with an overall mean of 65.7% (± 
16.5%). Similarly, there were no significant treatment affects on survival (Figure 6) growth 
rate. However, it should be noted that survival rates in this trial are unusually low, ranging 
from a high of 13.6 ± 8.1% in the control raw diet group, to a low of 4.2 ± 0.9% in the raw 
diet group receiving iodine supplementation in the tank water. Given expected early larval 
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survival rates of over 40%, this trial will need to be repeated now that the hatchery issues 
have been resolved. Note that microbiology studies funded under the NOAA HOARP 
project discovered an unusually high levels of bacteria (some pathogenic) reaching the 
larval rearing system and subsequent efforts to lower these levels through improved 
hatchery hygiene and water treatment protocols has significantly reduced bacteria inputs 
with much improved larval survival rates. Therefore, the iodine supplementation 
treatment effects will be re-examined once an optimized protocols has been developed. 
These trials will also include iodine supplementation of water supplies to the larval rearing 
system since the larvae likely require thyroid hormone from both exogenous egg yolk 
supplies and in situ from the  larval thyroid gland.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.  Effects of broodstock diet and waterborne iodine supplementation 
on survival of moi larvae through the early hatchery phases. The unusually 
low larval survival in this trial likely obscures potential treatment affects, 
resulting in the need to repeat this study upon resolution of other hatchery 
survival issues. 

 
Objective 4: To prepare reports, and publications for dissemination and transfer of 
technology and methodologies to the public (Years 1 and 2). 
Results of these research efforts will be disseminated through peer-review publication, 
generation of an article in CTSA Regional Notes upon project completion at the end of Year 
2 of the project. 
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Work Planned 
Project research over the upcoming project period will focus on using a juvenile moi model 
for development of optimized dietary iodine supplementation methods. Once developed, 
we will test the method for efficacy in preventing broodstock goiter development and 
subsequent effects on egg thyroid hormone deposition and larval performance. The final 
stage of project activities will then examine the effects of the developed broodstock dietary 
iodine supplementation protocol on egg and larval performance, with and without 
additional iodine supplementation in the hatchery water supply.  
 
 

Impacts 
Successful completion of the project will establish the method of iodide supplementation to 
improve broodstock survival, spawning performance and increase in the survival and 
growth of moi larvae and fry.  Ultimately these results will be utilized to reduce rearing 
costs and increase the efficiency of moi production and improve the financial bottom line 
for moi farmers.  
 

 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
Witt, E.M., Laidley, C.W., Liu, K.K.M., Hirano, T., Grau, E.C. 2009. Effects of environmental 

iodine concentrations on larval growth, survival, and whole body concentrations of 
thyroid hormones and cortisol in Pacific threadfin (Polydactylus sexfilis). Aquaculture 
289:357-364. 
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Pacific Regional Aquaculture Information 
Service for Education (PRAISE) and 
Publications, Years 1 - 4  
 
 
 

General Information 
 
Reporting Period October 1, 2008 to October 31, 2009 (Year 3 Final Report, Year 4 

Progress Report) 
   
 
Funding Level Year  Amount  
     PRAISE     1   $22,000  
           2    $24,600 

   3   $25,000 
      4    $20,000 
   TOTAL   $91,600 
 
     Publications    1  $52,510 
      2   $56,270 
      3  $63,248 
      4  $0 
   TOTAL  $172,028 
 
Participants  Kristen Anderson, Reference Librarian 

University of Hawaii at Manoa 
 
Andrew Hashimoto, Ph.D., Dean 
College of Tropical Agriculture and Human Resources (CTAHR) 
University of Hawaii at Manoa 

 

Cheng-Sheng Lee, Ph.D., Executive Director 
Center for Tropical and Subtropical Aquaculture (CTSA) 
Oceanic Institute 
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Sarah Myhre, Assistant 
University of Hawaii at Manoa 
 
Meredith Brooks, Information Specialist  
CTSA, Oceanic Institute 
 
Patricia O’Bryen, Information Specialist (retired August 2009) 
CTSA, Oceanic Institute 
 

 

Objectives 
PRAISE 
Year 3 

1. Compile bibliographies on aquaculture related business and technical resources and 
digitize appropriate non-copyrighted documents or link websites. 

2. Continue to catalog and digitize the papers of the University of Hawaii’s Marine Option 
Program. 

3. Continue to provide established services. 

4. Technology transfer. 

Year 4 
1. Contribute Hawaiian names for marine fauna to www.ubio.org 

2. Collect and disseminate aquaculture technical information or news related to CTSA 
region in PRAISE and CTSA websites four times per year. 

3. Promote Pacific Region information infrastructure. 

4. Technology transfer. 

 
Publications (Years 3 & 4) 

1. Inform educators and industry members of pertinent aquaculture information, and 
update them on the status of aquaculture in the region through various forms of 
media. 

2. Inform the aquaculture community and interested parties of the progress of CTSA 
projects in relation to our mission through the dissemination of media produced by 
CTSA staff and other groups. 
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Principal Accomplishments 
PRAISE - Year 3 
Objective 1: Compile bibliographies on aquaculture related business and technical 
resources and digitize appropriate non-copyrighted documents or link websites. 
First completed product is the Hawaiian Fishponds bibliography at: 
http://praise.manoa.hawaii.edu/fishbib.php   The full text was on the PACRC site but it is 
currently being relocated.  We are going to load the documents on the University of Hawaii 
at Manoa’s institutional repository, ScholarSpace, as the UH Hilo site has been unavailable 
for most of this year. A bibliography on hatcheries is underway.  We will be incorporating 
this component into a cooperative project with UH Manoa Aquaculture Coordinator Benny 
Ron. 
 
Objective 2: Continue to catalog and digitize the papers of the University of Hawaii’s 
Marine Option Program. 
We have digitized 213 documents so far.  The index is about 45% complete. 
 
Objective 3: Continue to provide established services. 
PRAISE staff have answered 308 requests for information since October 1, 2008.  We have 
supplied 2,087citations, delivered 542 documents totaling 6,452 pages, and have answered 
55 miscellaneous queries. 
 
Objective 4: Technology transfer . 
We have completed scanning the non-copyrighted documents on Hawaiian fishponds that 
are listed in the fishpond bibliography and delivering the digital copies to PACRC staff to 
be loaded and linked on their website.  We are nearly done scanning the existing papers of 
the University of Hawaii’s Marine Option Program (MOP).  We will need to complete the 
scanning, compile all the documents, and index them before loading in to the UH 
institutional repository, ScholarSpace.  We will then establish a procedure for submitting 
all new MOP papers to the database as they are produced. 
 
Year 4 
The project start date was October 1, 2009. The work group has recently commenced 
activities under Year 4 of this project. 
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Publications – Year 3 
Objective 1: Inform educators and industry members of pertinent aquaculture 
information, and update them on the status of aquaculture in the region through various 
forms of media. 
CTSA changed the format of its information dissemination during Year 3. Instead of 
producing the quarterly newsletter Regional Notes, CTSA created a Regional Notes section of 
the website for individual Aquaculture-related articles. During Year 3, five articles were 
produced; three Special Reports and two AquaTips (a complete review of a CTSA funded 
project). Both AquaTips and Special Reports provide pertinent aquaculture information to 
interested parties, including changes in key industry personnel. One Year 3 Special Report 
was an interview with the newly appointed manager of the Aquaculture Development 
Program (ADP), Todd Low. The other two Special Reports are highlighted under the 
second objective accomplishments below.  
 
This project also acquired and disseminated Aquaculture Status Updates mostly from 
members of our Industry Advisory Council on several key specialty areas and seven 
regions. Other activities that helped achieve this objective included updates to the CTSA 
Web site, www.ctsa.org. 
 
Objective 2: Inform the aquaculture community and interested parties of the progress of 
CTSA’s projects in relation to our mission through the dissemination of media produced 
by CTSA staff and other groups. 
Articles published in the Regional Notes section of the CTSA website updated readers about 
project results. “Feminizing Swordtails” and “Improving Pearl Quality by Grafting and 
Husbandry Methods” were two AquaClips produced during Year 3; each provided a 
detailed report on the activities of the corresponding project. One Special Report 
“Micronesians Train Future Oyster Hatchery Technicians in Pohnpei,” highlighted the 
work conducted under Dr. Masahiro Ito’s CTSA-funded black-pearl project. Having 
Micronesians train local workers as technicians for the black pearl hatchery on Pohnpei is 
seen by many as a positive step in the development of aquaculture in CTSA’s region, as 
most technology transfer in remote destinations occurs from outside sources. Another 
Special Report summarized the proceedings from a CTSA-sponsored project 
accomplishment meeting. Principal Investigators for eight CTSA- funded projects that 
ended between January 2008 and April 2009 gave PowerPoint presentations that reviewed 
their projects’ objectives and accomplishments to an audience of 30 people at Oceanic 
Institute’s Oceanic Learning Center on Thursday, May 14, 2009.  
 
In addition, project staff completed the 2008 Annual Accomplishment Report and the 
CTSA FY 2008 Plan of Work and assisted in the development of the FY 2009 Plan of Work. 



Determining Aquaculture Bottlenecks of Pacific Threadfin 
 

 

 
December 2009    255 

Project staff responded to requests from throughout the CTSA region and the continental 
U.S. for CTSA publications and manuals. They also acted on regional requests for 
publications published by other Regional Aquaculture Centers. 
 
 
Year 4 
The project start date was October 1, 2009. The work group has recently commenced 
activities under Year 4 of this project. To date, the project group has implemented a 
monthly publication to disseminate CTSA and regional aquaculture news through the form 
of an e-newsletter.  
 
 
 

Impacts 
The dollar value of the PRAISE service is staggering.  Based on rates one would pay to the 
information industry’s major suppliers (Dialog Information Service, Inc. for access to 
ASFA, plus document delivery charges based on the average cost per article from Ingenta, 
Inc.) the dollar value for our primary service may be presented as follows: 
 
6,452 queries averaging 3 minutes each or: 
322.6  hours online @ $80/hr =  $  25,808 
542 articles @ $35.00 ea.  =   $  18,970 
      Total   $  44,778 
 
In replying to 308 requests for direct assistance, 2,087 of those queries were emailed to 
PRAISE patrons.  The 542 articles represent 6,452 pages delivered exclusively by email.  In 
addition, the staff responded to 55 miscellaneous requests.  The PRAISE Web site is a 
bonus.  It 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. 
 
For our digitization projects with Hawaiian fishpond and MOP documents, PRAISE staff 
scanned over 300 documents totaling some 16,000 pages so far.  Most will be freely 
available on the University of Hawaii at Manoa’s institutional repository, ScholarSpace. 
 
Project staff—via CTSA publications and other media—functions as a nucleus for 
information exchange between the aquaculture industry and ongoing research programs, 
disseminating CTSA project results and other aquaculture-related information throughout 
the region. This project has helped to disseminate aquaculture research results and 
information throughout the region to enhance viable and profitable U.S. aquaculture 



2009 Annual Accomplishment Report 
 

 

 
256    Center for Tropical and Subtropical Aquaculture 

production to benefit consumers, producers, service industries, and, ultimately, the 
American economy. 
 
 

Recommended Follow-Up Activities 
It would be smart of us to try and get copyright permission for all of the documents we 
scan.  Contacting the authors and publishers is a time consuming process, but I believe we 
could get enough permissions to make the process worthwhile. We continue to develop 
new informational and educational products and look forward to collaborating with the 
new director of UH Manoa aquaculture programs. 
 
 

Publications, Manuscripts, or Papers Issued, Approved, or 
Presented 
None to date. 
  
 
 


