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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 especially in Hawaii and the
U.S. Affiliated Pacific Islands.

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
the program’s 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 of HPU.
The Center has offices at both the University of Hawaii’s Manoa campus and Oceanic
Institute’s Waimanalo site on windward Oahu.
The CTSA region includes American Samoa, the Commonwealth of the Northern
Mariana Islands, the Federated States of Micronesia, Guam, Hawaii, the Republic of
Palau, and the Republic of the Marshall Islands.

Objectives
The RACs encourage cooperative and collaborative aquaculture research and extension
education programs that have regional or national applications. The Centers’ programs
complement and strengthen existing research and extension educational programs
provided by the U.S. Department of Agriculture and by other public institutions. The
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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 national Regional Aquaculture Center Program to carry out cooperative
and collaborative research, extension, and development activities among public and
private institutions 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 are comprised of 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 of HPU and the University of Hawaii.
In 2018, CTSA began to move its main Administrative Office from Oceanic Institute on
the island of Oahu in Hawaii to the Manoa campus of the University of Hawaii, also on
the island of Oahu. Oceanic Institute is currently in the process of transferring the fiscal
and administrative responsibilities for CTSA operations to the University of Hawaii.
Once the move is complete, CTSA will retain a small office on the Oceanic Institute
campus.
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; and

•

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

The CTSA Board of Directors includes:
Nicholas Comerford, Ph.D. (Chair)
College of Tropical Agriculture and Human Resources
University of Hawaii at Manoa
Harry Ako, Ph.D.
University of Hawaii at Manoa (retired)
Alan Everson
National Marine Fisheries Service (retired)
Darren T. Lerner, Ph.D.
University of Hawaii Sea Grant College Program
Shaun Moss, Ph.D.
Oceanic Institute, Hawaii Pacific University
Singeru Singeo, Ph.D.
Land Grant Programs, College of Micronesia
Lee S. Yudin, Ph.D.
College of Natural and Applied Sciences, University of Guam
Ron Weidenbach
Hawaii Fish Company
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Organizational Structure

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

Kona Bay Marine Resources (International Division)

John Brown

College of Natural and Applied Science,
WPTRC, University of Guam (retired)

David Cohen

Aquatic Innovations, Hawaii
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John Corbin

Aquaculture Planning & Advocacy, LLC

Suzi Dominy

Aquafeed.com

Linda Gusman

Island Aquaculture, Hawaii

Masahiro Ito

Hiro Ito Consulting

David Kawahigashi

Vannamei 101

Brian Leonida

BnB Nursery

Fred Mencher

Hawaii Fish Co.

Ryan Murashige

Aquaculture Technologies of the Marshall Islands, Inc

Michael Ogo

CREES, Northern Marianas College, Saipan

Richard Spencer

Aquaculture Consultant

Thomas Taro

CRE, Palau Community College, Republic of Palau

Ron Weidenbach (Chair)

Hawaii Fish Co., Hawaii

Richard Xie

Hawaiian Sealife, Inc., Hawaii
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Organizational Structure

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

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

•

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

•

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

•

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

•

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

•

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

The TC members are:
Harry Ako. (Co-Chair)

University of Hawaii at Manoa (retired)

Alan Everson (Co-Chair)

National Marine Fisheries Service (retired)

Margarita L. Hopkins

Day2 Resources LLC

Tom Iwai, Jr.

Anuenue Fisheries Research Center (retired)

David Nichols

NMFS/PIRO/Sustainable Fisheries Division

Wai-Kit Nip

University of Hawaii at Manoa (retired)

Jenee S. Odani

University of Hawaii at Manoa

Vernon Sato

Hawaii (retired)
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James Szyper

University of Hawaii at Manoa (retired)

Thierry M. Work

USGS National Wildlife Health Center, HFS

Liz J. Xu

Hawaii Department of Agriculture

Lei Yamasaki

Hawaii Department of Agriculture

Jinzeng Yang

CTAHR, University of Hawaii at Manoa

Leonard Young

Hawaii Department of Agriculture (Retired)
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Executive Summary
PROGRAM SCOPE
During 2018, the Center for Tropical and Subtropical Aquaculture continued work on
projects funded under its Fiscal Year 2013, Fiscal Year 2014, Fiscal Year 2015, and Fiscal
Year 2016 Plans of Work. Also, CTSA initiated work on projects developed under its Fiscal
Year 2017 Plan of Work and began developing its Fiscal Year 2018 Annual Plan of Work.
Nine projects were funded under CTSA’s Fiscal Year 2017 program, which was approved
by CTSA’s Board of Directors on March 20, 2018. One of these projects address continuing
priorities and will build on work begun under the programs of previous years, and eight of
the FY17 projects address new priorities.
Since the inception of CTSA in 1986, it has funded 276 research, demonstration,
development, and extension projects. Fifteen projects reported on activities conducted in
2018.
These projects fall into five categories:
1. Information Dissemination
2. Extension Support to Further Industry Development
3. Development of New Technologies
4. Demonstration and Adaptation of Known Technologies
5. Marketing and Economics
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:
• Aquaculture Information Service for the Pacific Region
2. These projects address extension support:
• Francisella noatunesis subsp. Orientalis (Fno) incidence and genetic assessment of feral
Tilapia populations in Hawaii
• Disease prevalence survey of wild mud crab populations in the US-Affiliated Pacific
Islands
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3. These projects address development of new technologies:
• Potential of Black Soldier Fly as a Feed Ingredient to Support Hawaiian Aquaculture
• Utilization of Local Agri-Processing By-Products to Produce Fungal Protein for
Aquatic Feed Production
• Aquaculture of Opihi - Years 3 and 4
• Development of Cost-Effective Aquatic Feeds Using Locally Sourced Ingredients
• Cost-Effective, Local Aquatic Feeds for Carnivorous and Omnivorous Fish with
Varying Physical Characteristics
4. These projects address demonstration and adaptation of known technologies:
• Establishing Coral Grouper (Plectropomus leopardus) Production in Palau through the
Application of Intensive Copepod Production Technology
• Development of Marine Finfish Aquaculture, Aquatic Feeds, and Training in the
Republic of Marshall Islands (RMI) for Sustainability and Food Security
• Assuring Oyster Seed Supply for Hawai`i and the West Coast
• Integrated Multi-Trophic Aquaculture of Shrimp and Sea Cucumbers for Nutrient
Recycling, Sludge Reduction, and Creation of Additional Revenue Streams
• Improving nursery and grow-out culture of mangrove crab by minimizing
cannibalism and developing feed supplements
• Improving Rabbitfish Seed Production Capacity in Palau
• Testing the feasibility of Open Ocean Cage Culture of Grouper in Palau
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A Look Ahead
Development
The development of the Fiscal Year 2018 program began in May 2018 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 12 pre-proposals received in response to
this call, CTSA requested that applicants submit six full proposals. Those six proposals
plus the continuing Information Services proposal will be forwarded to the Board of
Directors for approval in January 2019 as the FY 2018 Plan of Work (based on the adhoc
committee ranking and CTSA’s available funding).

Proposals
1. Developing Bivalve Farming in Hawaii, Supplemental funding for Years 7 and 8
2. Diagnosing Prevalent Diseases of Aquacultured Fish in Hawaii
3. Optimizing coral grouper (Plectropomus leopardus) culture to promote rapid
commercialization in the U.S.-Affiliated Pacific Islands
4. Cultivation of Caulerpa, Codium, and Asparagopsis: Trying to tame three Hawaiian
macroalgae
5. What’s in the gut? A Metabarcoding Approach to Examining Diet in First
Feeding Larvae
6. Establishing cost-effectiveness and efficiency of locally produced feeds and Moi
farming technology in the Republic of Marshall Islands
7. Aquaculture Information Service for the Pacific Region
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Review
In September 2018, CTSA began its internal and external review process. All full
proposals were 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 revised proposals underwent further review by an
internal adhoc committee composed of representatives from the IAC and TC. The IAC
chair will present the proposals to CTSA’s Board of Directors for approval on January
30, 2019. CTSA staff will incorporate these proposals into the Fiscal Year 2018 Plan of
Work and will submit this FY2018 Plan of Work to the U.S. Department of Agriculture
National Institute of Food & Agriculture (NIFA) for final approval.
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Project Progress Reports
The following section contains summaries of CTSA projects that were active during
2018. Detailed reports are available for each project (or project year) that was completed
during 2018 in the Appendix of this report. Please note: projects funded under the
CTSA FY17 Plan of Work commenced recently and do not yet have significant findings
to report. They are not included in this report.
1.

Aquaculture of Opihi, Years 3 and 4 .................................................................................... 15

2.

Assuring Oyster Seed Supply for Hawai`i and the West Coast, Years 1
and 2 .......................................................................................................................................... 17

3.

Improving Nursery and Grow-Out Culture of Mangrove Crab by
Minimizing Cannibalism and Developing Feed Supplements ........................................ 19

4.

Integrated Multi-Trophic Aquaculture of Shrimp and Sea Cucumbers for
Nutrient Recycling, Sludge Reduction, and Creation of Additional
Revenue Streams ..................................................................................................................... 21

5.

Testing the feasibility of Open Ocean Cage Culture of Grouper in Palau ..................... 23

6.

Improving Rabbitfish Seed Production Capacity in Palau, Year 1 .................................. 25

7.

Utilization of Local Agri-processing by-products to Produce Fungal
Protein for Aquatic Feed Production, Years 1 and 2 .......................................................... 27

8.

Cost-Effective, Local Aquatic Feeds for Carnivorous and Omnivorous
Fish with Varying Physical Characteristics ......................................................................... 29

9.

Development of Cost-Effective Aquatic Feeds Using Locally Sourced
Ingredients ............................................................................................................................... 31

10. Development of Marine Finfish Aquaculture, Aquatic Feeds, and
Training in the Republic of Marshall Islands (RMI) for Sustainability and
Food Security, Year 3 .............................................................................................................. 33
11. Establishing Coral Grouper (Plectropomus leopardus) Production in Palau
through the Application of Intensive Copepod Production Technology,
Year 3 ........................................................................................................................................ 36
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——————————————————————————————————————
12. Francisella noatunesis subsp. Orientalis (Fno) incidence and genetic
assessment of feral Tilapia populations in Hawaii ............................................................ 39
13. Potential of Black Soldier Fly as a Feed Ingredient to Support Hawaiian
Aquaculture, Year 2 ................................................................................................................ 41
14. Aquaculture Information Service for the Pacific Region .................................................. 43
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Development of New Technologies

Aquaculture of Opihi, Years 3 and 4
Funding Level: $100,000 (2 Years)
Lead Institutions: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Zhi Yong Ju, Ph.D.
Status: Completed on April 30, 2018
Summary
Opihi is a high value seafood in Hawaii, with prices reputed to be $100-200
gallon shell on. An established niche market exists bolstered by the need for
opihi at Hawaii gatherings. Demand for opihi exceeds the level that the wild
caught fishery can supply because of overfishing. While some highly
academic marine biology studies have been conducted, a concerted
aquaculture research effort had never been attempted until recently, when
CTSA supported a two-year project to initiate work on closing the life cycle.
The giant opihi (C. talcosa) initially showed the greatest aquaculture
potential as it lives below the waterline, and therefore eliminates the
expense associated with trying to mimic waves in the aquaculture enclosure.
However, this project changed its focus to closing the life cycle of the yellow
foot opihi, Cellana sandwicensis because this species lives in shallow water
and is less dangerous to collect yet it has been found to thrive stagnant
water therefore have simple habitat needs. While researchers were not able
to establish hatchery production of opihi by the completion of this project,
results from this work are valuable and necessary to achieve the next steps
in closing the life cycle.
Target Audiences
The primary target audience is local farmers that want to culture opihi,
commercially. However, cultural practitioners are also being strongly
considered as a target audience to transfer this technology for stock
enhancement purposes or use in loko i’a, or Hawaiian fishpond systems.
Objectives
Objective 1: Collect wild, yellowfoot opihi and determine their nutritional
profiles and gonadal somatic index (GSI).
Objective 2: Induced maturation and spawning through dietary manipulation
and hormone injection gonadotropin releasing hormone (GnRH).
Objective 3: Develop laboratory protocol for opihi larvae rearing.

Project Accomplishments
- This project was the first to
show that wild collected, captive
‘opihi can be grown indefinitely,
matured, synchronously
spawned (defined reproduction
cycles), developed through the
larval phase (established larval
rearing methods), and settled
(diatom-based biofilms).

- Researchers developed
methods that are practical and
scalable, which they will
continue to use and refine in the
subsequent project (scheduled to
begin in early 2019).

- Although researchers reached
a bottleneck in grow-out, they
have gained the attention of
Hawaii’s agriculture, science,
and Hawaiian communities
through networking, education
and outreach, which is required
for continued support to
complete the life-cycle of ‘opihi.
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Other Project
Participants

Dr. Harry Ako
University of Hawaii
(Retired)

Student Participants

Anthony Mau
University of Hawaii

Outputs & Outreach
This present project successfully matured, spawned, and settled a group of
‘opihi in captivity for the first time. The resulting output from this project is a
modular state-of-the-art broodstock/grow-out system, a practical formulated
feed and feeding method, and spawning/larval rearing methods. Settlement
and grow-out remain obstacles for the present study, but authors are
confident in the direction ‘opihi aquaculture is going to close the life-cycle. This
project also exposes many factors governing Hawaiian limpet survival and
highlights key aspects of biology to consider for aquaculture and management.

Outcomes & Impacts
The research of ‘opihi in aquaculture has direct impacts (i.e. production) and
indirect impacts (i.e. fisheries management) to the ‘opihi fishery. Hawaii can
conserve wild stocks and reduce human deaths by ‘opihi picking if a viable
commercial operation for ‘opihi production is developed. This type of
operation will contribute to local food security initiatives and stimulate
economy in coastal waterfront communities.
The new practical methods for the aquaculture of ‘opihi are critical steps in
closing the life cycle. Furthermore, the new information on the life history of
‘opihi will benefit the fishing and Native Hawaiian communities.

Publications & Presentations
See report in appendix for full list
Mau, A. and Jha, R. (2018) The protein to energy ratio requirement of
yellowfoot limpet (Cellana sandwicensis Pease, 1861) in a novel grow-out
system. Aquaculture Reports.
“Chemical Synthesis of a Novel Peptide (oGnRH) for Pheromone Stimulation of
Spawning in ‘Opihi (Cellana exarata.)” 30th annual SRS award Best PhD Poster
Presentation, SRS symposium UH Manoa, April 2018.
Multiple formal presentations were made to Paepae ‘O He’eia fish pond and
Sacred Hearts Academy on aspects of ‘opihi aquaculture, biology, and
conservation in 2017-2018.
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Demonstration & Adaptation of Known Technologies

Assuring Oyster Seed Supply for Hawaii and
the West Coast
Funding Level: $100,000 (2 Years)
Lead Institution: University of Hawaii at Hilo, PACRC
Principle Investigator: Maria Haws, Ph.D.
Status: Completed on April 30, 2018
Summary
The oyster industry on the West Coast and Hawaii suffers from a lack of high
quality and readily available triploid oyster seed. Until recently, methods to
produce the tetraploid broodstock as well as the tetraploid broodstock itself
were under patent. With expiration of the patent, new tetraploids can now
be made to avoid inbreeding and allow hatcheries to be more self-sufficient.
Additionally, tetraploids and triploids can now be integrated into selective
breeding programs. Accordingly, this project aimed -- and successfully
achieved its goal -- to enable Hawaii and West Coast stakeholders to
develop more reliable and less expensive methods to produce triploids and
tetraploids without having to rely on outside entities.
Target Audiences
The principle target audiences are hatchery operators and recipients of the
eventual triploid stock.
Objectives
Objective 1: Conduct innovative research to improve production methods
for triploid and tetraploid Pacific Oysters and refine and clarify published
methods to suit conditions of local hatcheries.
Objective 2: Develop a pool of tetraploid specimens to be used as
broodstock for Hawai`i’s hatcheries and farms. This will also support ongoing efforts to selectively breed an improved oyster line(s) for Hawai`i
conditions. Each farm will maintain its own tetraploid reserve which can
serve as the foundation for selective breeding of lines suited for individual
farms’ conditions. This will also benefit West Coast farms since Hawai`i can
generate and supply broodstock more rapidly and at any time of the year.
Objective 3: Conduct outreach to farmers, hatchery operations, students
and other stakeholders. Publish clear and complete guidelines for
production of triploids and tetraploids oysters allowing stakeholders access
to the protocols. Although a wealth of scientific literature exists for these
topics, none of it is sufficiently complete or detailed to allow others to
reliably replicate the stated methods.

Project Accomplishments

- With the assistance of Dr.
Ximing Guo, researchers used
New Pacific tetraploid oysters to
develop a pool of different
tetraploid families.

- Commercial production of new
triploid lines are now being
produced for the benefit of at
least 20 farms.

- To date, approximately 400
million triploid larvae have been
produced by Hawaiian Shellfish
LLC and the PACRC and this
continues on a routine basis.
About 6 million triploid spat
were also produced.
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Additional Project
Participants

Anu Frank-Lawale, Ph,D,
Virginia Institute of Marine
Sciences’ Aquaculture
Breeding Center

Ximing Guo, Ph.D.
Rutgers

Forrest Peterson
PACRC/ University of Hawaii
at Hilo
Hawaiian Shellfish LLC

David Nisbet
Goosepoint Oyster Co. and
Hawaiian Shellfish LLC

Student Participants

Carli Hand, Daniel Wilkie,
Joe Vinarsick, Gabriela
Benito, Isabella Sanserviero,
Marni Rem-McGeachy
University of Hawaii at Hilo
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Outputs & Outreach
Reliable methods were developed to make tetraploid broodstock oysters; they
are described in detail in the full report included in the appendix. To date
twelve large families have been made and used in breeding. Smaller families
also exist. New lines of tetraploids and triploid oysters were made, and new
genetics were incorporated into hatchery production. New polyploid lines can
now be used in research, including for disease resistance.
Employees and students were trained in the methods used. Seven hatchery
employees were trained in the production methods; twelve students were
trained and learned about hatchery methods and polyploid production. In
addition, outreach to Hawaiian Shellfish LLC resulted in its ability to - for the
first time - produce its own triploids, eliminating the need to spend $400,000
elsewhere.
Outcomes & Impacts
Triploids represent 30-40% of the annual demand by farms for oyster seed as
they are the only type of oyster that can be harvested during the warm
months. Diploid oysters are either full of gametes or thin after having spawns.
Triploid oysters also grow faster. To the best of the research team’s
knowledge, this is the first time in recent years that new tetraploids have been
developed for C. gigas and for which triploids have been made available to any
farm that wishes to buy them. The only other hatchery that supplies small and
independent farms does not reveal information about their genetics and
cannot meet demand. Other large hatcheries have not been supplying outside
their own affiliated farms. It is highly advantageous to have another source of
triploid Pacific Oysters readily available to farms and for research purposes.
Additionally, training under this work has resulted in a larger group of people
possessing these skills.
Triploid oyster production resulting from this work is valued at $600,000 for
the 2018 production season for two hatcheries. At least four new jobs were
supported through this work, as well as 120 existing jobs.
Publications & Presentations
A manual on tetraploid production is in final production and will be released
through CTSA.

Development of New Technologies
Demonstration & Adaptation of Known Technologies

Improving nursery and grow-out culture of
mangrove crab by minimizing cannibalism
and developing feed supplements
Funding Level: $43,093
Lead Institutions: Oceanic Institute of Hawaii Pacific University
Principle Investigators: Zhi Yong Ju, Ph.D.
Status: Completed on June 30, 2018
Summary
Farming the mangrove crab (Scylla serrata Forskall) has become popular in
Palau due to its high market demand and lucrative price. Hatchery
techniques have been successfully established through a mangrove crab
seed production project funded by CTSA in recent years. However,
production of juvenile crabs is insufficient to support the needs of the
farmers. This is due, in large part, to low survival during the nursery phase of
production, which is mostly a result of cannibalism. Cannibalism is likely
caused by high stocking density, absence of shelter, elevated temperatures,
or artificial diets. The objectives of this one-year project were to improve
nursery and grow-out performance of mangrove crabs in Palau by reducing
cannibalism and developing nutritive feed supplements. While researchers
were unable to reduce cannibalism among mangrove crabs, they were able
to develop two feed supplements that improved crab growth and quality.
Target Audiences
Existing and prospective mangrove crab farmers in Palau.
Objectives
Objective 1: Test the effects of different types of shelters on survival rates to
market size for mangrove crab juveniles in grow-out facilities.
Objective 2: Identify and secure local feed ingredients for nutritional analysis
and prepare nutritive feed supplement pellets and a functional feed
supplement to be applied to imported shrimp feeds.
Objective 3: Improve culture performance of juvenile mangrove crabs by
combination of imported shrimp feed with nutrient and functional feed
supplements.

Project Accomplishments
- Nine local feed ingredients
and eleven commercial feeds
were analyzed for their
proximate contents, amino
acid and fatty acid profiles,
mineral contents, and
contents of astaxanthin,
cholesterol, water-soluble and
fatty-soluble vitamins and
mineral.
- Two mangrove crab feed
supplements were developed
using shrimp feed and
milkfish byproducts. Feeding
trial results showed that the
supplements have significant
effects on enhancing
mangrove crab growth and
pigmentation. Furthermore,
the application of astaxanthin
in the diet could improve
mangrove crab quality by
enhancing pigmentation of
mangrove crab shells.
- A preliminary experiment
has been conducted to test
the effect of feeding crablets
with astaxanthin and mulberry
extract to address
cannibalism among mangrove
crablets.
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Additional Project
Participants

Miguel de los Santos
Palau Community College

Outputs & Outreach Activities
Nursery rearing trials were conducted to evaluate the effect of using different
shelter types and stocking densities on the growth and survival rate of
mangrove crab juveniles. Results found that using combinations of shelters
with sand increased survival rates of the mangrove crablets, but decreased
growth rate according to average body weight; researchers hypothesize that
this is due to more fighting activities in the tanks with higher survival.
Two feed supplements were developed for mangrove crabs using prawn and
milkfish byproducts. In addition, four local mangrove crab farms received a
total of 2020 crablets for stocking in their crab pens and ponds during the
project.
Results of this project were shared with local mangrove crab farmers and
government officials in Palau. The nutritional composition of local ingredients,
the developed feed supplements, and feeding test results will be provided to
local mangrove crab farms and aquaculture companies upon request.
Outcomes & Impacts
The results from this research will encourage local farms to use local feed
ingredients to prepare a supplemental feed that enhances mangrove crab
nutrition. Local mangrove crab farms in Palau are now being guided to feed
their mangrove crab with a mixture of fresh milkfish byproduct and the
commercial prawn feed to achieve better mangrove crab growth and higher
profit.
The greatest impacts are that local mangrove crab growers now know how to
make a beneficial supplemental feed using local ingredients. In addition,
farmers were able to stock their existing farms with hatchery-produced
crablets.
Publications & Presentations
None to report.
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Demonstration & Adaptation of Known Technologies

Integrated Multi-Trophic Aquaculture of
Shrimp and Sea Cucumbers for Nutrient
Recycling, Sludge Reduction, and Creation
of Additional Revenue Streams
Funding Level: $79,102 (2 Years)
Lead Institutions: Oceanic Institute of Hawaii Pacific University
Principle Investigators: Dustin Moss & Chad Callan
Status: Terminated at request of PI on August 31, 2018
Summary
Feed typically represents the single largest operating expense for
aquafarmers and one of the greatest inefficiencies on many farms is waste
of valuable nutrients from feed. Furthermore, many aquaculture farms
incur costs to treat and/or dispose of nutrient-rich sludge generated from
production systems. A promising area of aquaculture research that directly
addresses these inefficiencies is Integrated Multi-Trophic Aquaculture
(IMTA) where “waste” nutrients from a “fed” species is taken up and
incorporated into the biomass of another commercially valuable “extractive”
species. Such a management strategy improves nutrient use efficiency,
reduces waste volume and disposal costs, and creates an additional revenue
stream.
This project attempted to investigate an IMTA approach using sea
cucumbers to digest waste produced from shrimp production systems.
While the project experienced some early success demonstrating that
desirable sea cucumber species can survive in captivity and will eat the
sludge, the project was terminated early at the request of the PI due to the
inability to collect and/or produce the juveniles necessary to assess growth
rate of animals being fed a diet containing sludge.
Target Audiences
Existing shrimp farmers in USAPI and those in the region interested in
farming shrimp and/or sea cucumbers.

Project Accomplishments
- A high-density (250 shrimp/m2)
RAS shrimp trial was conducted
to obtain sludge for the sea
cucumber trials.

- Researchers confirmed that the
selected species of sea cucumber
can survive in captivity
under stressful conditions, and
that they will eat sludge as well
as prepared feeds.

- Methodologies for proximate
analysis, BOD measurements,
and stable isotope analyses were
tested and modified/validated.

- After the first year of the
project, researchers determined
that it was too difficult to
measure the growth of the
species using the wild harvested
adults, and that it would be
necessary to work with juveniles.

- Under the guidance of expert
Masahiro Ito, the research group
attempted to begin hatchery
development of sea cucumbers
but were unable to succeed. The
project was terminated due to
the inability to produce juveniles.
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Additional Project
Participants

Jeff Prochaska, Scott
Naguwa, and Carrie Jones
Oceanic Institute of Hawaii
Pacific University

Objectives
Objective 1: Identify, determine availability, collect, and screen for shrimp
pathogens for a minimum of two commercially-valuable species of sea
cucumber that naturally occur in Hawaiian near-shore waters.
Objective 2: Conduct replicated sea cucumber culture experiments to quantify
growth, survival, nutrient flow, and sludge (produced from shrimp RAS)
processing capability.
Objective 3: Conduct two IMTA demonstration trials: 1- sea cucumbers fed
sludge from a shrimp RAS while reared in a separate culture system and 2polyculture of shrimp and sea cucumbers in a traditional open pond.
Objective 4: Disseminate research results to interested stakeholders in the
USAPI and to a broader aquaculture community.
Outputs & Outreach
Several sea cucumber collections were conducted along Oahu’s south and
southeastern shores, and quarantined at OI. A high-density (350 shrimp/m2)
RAS shrimp trial was carried out to provide sludge for sea cucumber trials.
Trials were initiated using two sea cucumber species (H. atra and A.
mauritiana), and three feeding treatments (Algamac, Sludge, and Unfed). After
eight weeks the trials were terminated. Average survival rates for and H. atra
and A. mauritiana were 43.8% and 4.2%, respectively. This determined that H.
atra are more suitable for culture than A. mauritiana (based on results from
wild-caught adults). H. atra was feeding on RAS sludge, though determining
growth was problematic. To better understand the potential of H. atra (or
other species) to convert RAS waste into biomass (via feeding and growth),
future research should use hatchery-produced juveniles (as juveniles cannot be
collected in sufficient numbers).
Development of hatchery procedures for the desired species will benefit
research, and would also benefit future stock enhancement efforts of the
species in the USAPI.

Outcomes & Impacts
Initial plans to use wild-collected sea cucumber specimens for research trials
were found not to be ideal, as only adults of H. atra and A. mauritiana could be
collected in sufficient numbers. It was concluded that any future research on
this topic should focus on the spawning and larval rearing of local species (H.
atra, H. whitmaei, and A. mauritiana) to juvenile stage to be used for trials.
Publications & Presentations
None to report
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Demonstration and Adaptation of Known Technologies

Testing the feasibility of Open Ocean Cage Culture
of Grouper in Palau
Funding Level: $45,000
Lead Institution: Palau Aquaculture Cooperative Association
Principle Investigator: Bernice Ngirkelau
Status: Terminated
Summary
Palau recently passed a law that forbids commercial fishing and export of
reef fish species. They have established marine protected areas, strict
controls of domestic fishing, and are looking to aquaculture to provide the
products for export of their valuable reef species. However, additional
research is needed to determine the feasibility of commercial cage culture
of popular species, such as grouper, in Palau. Therefore, this project aimed
to test the feasibility of grouper (Plectropomus leopardus) cage culture in
Palau, with particular focus on density, growth rate, and FCR. Due to a series
of unforeseen circumstances and challenges, the project terminated earlier
than anticipated with limited data to report.
Target Audiences
Aquaculture farmers, feed industry, agriculture producers, agriculture
administration agencies, scientists or researchers from institutes or
universities.
Objectives
Objective 1: Stock two 212m3 submersible cages with 4,000 and 1,000
grouper fingerlings and 100 rabbitfish to help keep the cage clean during the
culture period.
Objective 2: Track and record the amount of feed given and growth and
survival of groupers and rabbitfish and overall biomass production from the
fish cages for use in nitrogen and carbon flow modeling. Provide growth
curve and food conversion ratio (FCR) charts for both densities of fish.
Objective 3: Maintain spreadsheet records of costs and income generated
from the culture of groupers and rabbitfish in the project to determine the
economic feasibility of grouper culture in Palau.
Objective 4: Measure and record all environmental parameters required for
the Environmental Quality Protection Board in Palau including temperature,

Project Accomplishments
- The project work group
experienced several challenges.
Due to very low fingerling count
from PCC hatchery production
(75), high mortality of those fish,
and early escape of a later
cohort of fingerlings from
Oceanic Institute, the group was
only able to obtain growth &
weight data from the stocking
date in July 2017 and
measurement date in March
2018, a span of 7 months.
- Results only showed a possible
growth to 100 grams in 7
months. This is a slow growth
rate for the species and could be
the result of the many times
workers were unable to travel to
the cages because of unusually
bad weather conditions this past
year.
- The work group was able to
establish an estimated cost for
operation of two 212 m3 cages
over the course of year: between
$150 to $200K. At this level, two
small cages could break even
and make a small profit using
the estimated value of product.
However, there are doubts about
the choice of species because of
disease issues.
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Additional Project
Participants

James P. McVey
Indigo Seafood

James Sanderson
Indigo Seafood

Miguel de los Santos
Palau Community College

Chad Callan, Ph.D.
Oceanic Institute of HPU

salinity, turbidity, organic particulates, oxygen, and nutrient levels in
surrounding waters. Conduct video transects both upstream and downstream
of cage location on a quarterly basis.
Objective 5: Conduct a market shipment of live fish to the Hong Kong market
to test the feasibility of selling fish to that high priced market.
Outputs & Outreach
Ocean cages could not be stocked at production levels due to a lack of
hatchery production of the fingerlings. Only 75 fish were received from the
PCC hatchery, and those fish showed symptoms of bacterial disease and a
steady mortality continued until only 17 fish remained. In July 2018, an
additional three thousand juvenile grouper from Hawaii were stocked in the
cages. However, due to a nursery net failure during a storm, they all escaped
within a few days of stocking. Therefore, no food or growth data was
obtained.
Outcomes & Impacts
The project work group demonstrated that submersible geodesic domes are
appropriate for culture of fish in island conditions, and determined that
grouper were generally compatible with their systems. They also found that it
was essential to have 24-7 security for the offshore farms, as several cases of
vandalism of the cages caused them to lose fish early on.
Successful hatchery spawning and early hatchery growth of P. leopardus by the
hatchery at Oceanic Institute helped to create a pathway for future
reproduction, possibly at commercial levels.
Furthermore, this project caused the government of Palau to recognize the
possibility of open water technologies and resulted in a new aquaculture zone
being established in Palau.
Publications & Presentations
None to report
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Development of New Technologies
Demonstration & Adaptation of Known Technologies

Improving Rabbitfish Seed Production
Capacity in Palau
Funding Level: $92,268 (2 Years)
Lead Institutions: Palau Community College
Principle Investigators: Miguel Delos Santos
Status: Year 1 Completed; Year 2 ongoing
Report on Activities from September 2017 to Sept. 2018
Research Purpose
Stakeholders in the Western Pacific region have identified rabbitfish as a top
candidate for aquaculture. However, more work is needed to develop a
reliable and sustainable supply of fingerlings to support the growing interest
in farming of this highly valued seafood commodity. Traditionally, the
farming of these species has relied heavily on the collection of juveniles from
near shore environments for grow-out. Recently, methods for producing
juveniles from hatchery-reared larvae have been demonstrated in Palau
through a CTSA funded project. However, unreliable egg supply and poor
survival during the hatchery phases continue to limit production. This
project is aiming to improve upon the recent successes by incorporating the
latest developments in larval rearing approaches used for other marine reef
species, and to also improve egg production and egg handling procedures so
that egg supply is no longer a limiting factor.
Anticipated Benefits
Through improved egg and larval production and nursery rearing
techniques, large quantities of juveniles can be produced for grow-out
testing in facilities currently rearing milkfish, yielding valuable data on the
economic feasibility of this approach. Also, through the development of
improved hatchery protocols, local farmers and other stakeholders in the
region will receive training at the Palau Community College Multispecies
Hatchery on all aspects of rabbitfish culture, effectively transferring these
methods directly to the local industry.

Project Progress

- During the first-year of the
project, researchers were able to
develop and demonstrate a
better feeding protocol and
improved handling of broodstock
for spawning and egg collection,
which provided clean and better
quality eggs.

- Researchers were also able to
develop a better method of
incubating eggs that resulted in
a very good hatching rate.

- As of September 2018, about
20,000 rabbitfish (Siganus
lineatus) juveniles have been
delivered to the eight existing
and newly established rabbitfish
floating cage farms located in
the States of Koror, Ngiwal,
Kayagel and Melekeok.

Target Audiences
The target audience includes existing and potential aquaculture farmers,
students, women’s group, traditional leaders, government officials and
policy makers who are interested on the farming of rabbitfish in Palau.
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Additional Project
Participants

Chad Callan, Ph.D.
Oceanic Institute of HPU

Nabeyama Aquaculture
Farm

Indigo AquaFarm

Mathew Elbelau

Objectives
Objective 1: Refine broodstock holding and egg handling techniques for
Siganus lineatus to facilitate more reliable egg supply and hatchery production.
Objective 2: Improve larval rearing protocols for Siganus lineatus to increase
larval survival and production of juveniles.
Objective 3: Scale up production of Siganus lineatus and to provide sufficient
number of juveniles for subsequent grow-out at local farms.
Objective 4: Provide onsite training to local stakeholders on Rabbitfish
broodstock handling and hatchery production methods.
Outputs & Outreach Activities
During the first-year of the project, researchers have been able to develop
better feeding protocols and handling of broodstock for spawning and egg
collection, which resulted in better quality eggs. Researchers also developed a
better method to incubate the eggs resulting in a very good hatching rate.
A preliminary larval rearing trial using 10ton capacity tanks resulted in an
improved survival rate of larvae after 21 DPH. The feeding experiment using
50L container revealed that rotifers alone could be sufficient to nourish the
rabbitfish larvae during their early larval stages.
Eight rabbitfish farmers have benefitted from the juveniles that were
produced. These juveniles were stocked in their fish cages for grow-out. Six
other potential rabbitfish farmers were assisted and provided with technical
assistance on design, business planning and site assessment. Aside from
providing free rabbitfish juveniles to fish farmers, PCC-CRE also regularly visits
and provides farmers with technical assistance on proper husbandry, feeding
management and monitoring of environmental parameters in their farms.
Outcomes & Impacts
Rabbitfish broodstock management, egg collection, hatching and larval rearing
have become more practical and easy since the commencement of this
project. More and better-quality eggs are being harvested, and hatching rate
has been significantly improved (close to 100%).
Publications & Presentations
Highlights on aquaculture research and extension projects in the Republic of
Palau at the National Aquaculture Extension Conference held in Boise, Idaho on
June 6-8, 2017.
PCC Aquaculture Research and Extension Project in Palau presented during the
Palau Aquaculture Workshop: Supporting Palau's Food Security and Community
Livelihood held at PCC Continuing Education Room on September 27 -29, 2017.
PCC Aquaculture Research and Extension Project in Palau presented during
Palau Aquaculture Strategic Planning held at Palau Marine Law Office on
August 2018.
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Development of New Technologies

Utilization of Local Agri-processing Byproducts to Produce Fungal Protein for
Aquatic Feed Production
Funding Level: $198,277 (2 Years)
Lead Institutions: University of Hawaii and Oceanic Institute of HPU
Principle Investigator: Samir Khanal, Ph.D. and Zhi Yong Ju, Ph.D.
Status: UH Portion Completed; OI Year 2 Ongoing
Report on Activities from October 2017 to Sept. 2018

Research Purpose
Microbial protein such as fungal biomass production on low-cost feedstocks
has gained significant attention due to cost effectiveness and a long-term
sustainability. Fungal process is a low-cost and simple process for animal
feed production, as fungi are known to grow extensively on diverse organic
feedstocks under optimal conditions. Hawaii produces large quantity of fruit
and food by-products which may have the potential to be upgraded into
protein enriched value-added products. The overarching goal of this project
is to develop a fungal-based protein substitute for imported aquatic feed by
using locally available agriculture by-products such as damaged papaya,
molasses, and taro waste, and to conduct feeding trials with the new fungalbased protein.
Anticipated Benefits
The local production of inexpensive aquatic feed ingredients from locallyavailable agriculture by-products will have significant impacts on
aquaculture industries in Hawaii by reducing the state dependency on
imported aquatic feed ingredients, lowering the production costs of
aquaculture, and improving the long-term sustainability of local aquaculture
farming.
Target Audiences
Researchers, aquafarmers and students interested in aquaculture and
aquatic feed production.

Project Progress

- Researchers have been able to
grow fungus on molasses,
damaged papaya, and brewers
yeast. Results to date have
found soy whey to be the most
promising substrate, as the
fungus grows well and the
product is a waste product of
local tofu producers.

- OI received over 1.0 kg of
fungal biomass for a shrimp
feeding trial. Four diets were
prepared containing varying
amounts of the fungal biomass
as a replacement for fishmeal.
The trial is currently ongoing and
results will be presented in the
2019 AAR.

- The latest fungal biomass
contained an adequate amount
of digestible protein.
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Additional Project
Participants

Dr. Fabio Soller
Oceanic Institute of Hawaii
Pacific University

Kathleen Ramm
Oceanic Institute of Hawaii
Pacific University

Student Participants

Misheel Batsaikhan and
Balendu Giri
University of Hawaii

Objectives
Objective 1: Maximize the yield of edible fungus, R. oligosporus, on molasses,
damaged papaya and taro wastes, and develop a cost effective fungal biomass
production process.
Objective 2: Characterize the nutritional quality of fungal biomass and develop
test feed formulations with fungal protein for tilapia or shrimp.
Objective 3: Conduct feeding trials of newly formulated fish or shrimp feeds by
an 8-week growth trial compared to commercial and control diets at Oceanic
Institute.
Objective 4: Conduct an economic analysis of fungal-based protein as a
fishmeal substitute.
Objective 5: Technology transfer.
Outputs & Outreach
With successful overcoming of challenges, researchers have been able to grow
fungus on molasses, damaged papaya+seed, brewers yeast, and soy whey. Due
to the closure of HC&S, the original objective to obtain crude molasses was
hindered. Finding a suitable growth medium for fungal biomass production
was necessary. Soy whey (liquid waste after addition of coagulate during tofu
processing) was tested. Soy whey does not require any pretreatment, whereas
molasses needed hydrolysis process to break down polymeric sugar into
monomeric sugar. The use of soy whey saves overall production time and cost.
A total of approximately 4 kg of wet biomass and 1 kg of dry biomass was
produced and supplied to OI to analyze and test in a hatchery feed. The
proximate contents of the fungal biomass sample were analyzed in Nutritional
Biochemistry lab of OI. The latest R. Oligosporus sample was found to have
around 42.9% crude protein and 6.7% crude lipid and 7.1% ash. This indicated
that the fungal sample had high protein content after fungal fermentation, and
may be a viable ingredient for shrimp feed.
The fungal ingredient protein was formulated to replace fishmeal protein in
four shrimp test diets (0, 25, 50 and 75% replacement), which are currently
being tested in a feeding trial.
Outcomes & Impacts
Data from this project has found that molasses, papaya slurry, papaya seed,
brewers yeast, and soy whey could serve as promising substrates for fungal
biomass production. This is the first study ever reported on fungal protein
production and provides new opportunity for low-cost aquatic feed
production.
Publications & Presentations
None to report
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Development of New Technologies

Cost-Effective, Local Aquatic Feeds for
Carnivorous and Omnivorous Fish with Varying
Physical Characteristics
Funding Level: $99,880
Lead Institution: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Zhi Yong Ju, Ph.D.
Status: Ongoing
Report on Activities from October 2017 to October. 2018
Research Purpose
Feed cost in aquaculture, when combined with increasing costs of fishmeal
and fish oil, presents a formidable challenge for feed mill operators and fish
farmers, and there is strong incentive to identify alternative ingredients to
reduce feed cost. Understanding the effectiveness of alternative feed
ingredients and feed pellet physical characteristics on a commercial scale is
essential for the economic viability and sustainability of the local, regional,
and global aquaculture industry. For over a decade, Oceanic Institute of
Hawaii Pacific University (OI) and University of Hawaii (UH) researchers have
identified and analyzed potential feed ingredients from the Pacific region.
With previous CTSA funding, important advances in the development of
feed for moi and tilapia have been made, but no studies have been
conducted on the variation of extruded pellets physical characteristics (i.e.
sinking or floating pellets) of diets formulated with local ingredients and
their impact on fish production. Thus, this project is aiming to develop costeffective feed formulations using locally sourced ingredients with varying
physical characteristics (i.e. sinking or floating pellets), and evaluate those
feeds in a carnivorous fish (‘moi’ - Polydactylus sexfilis) and an omnivorous
fish (‘Nile tilapia’ - Oreochromis niloticus).
Anticipated Benefits
This project will produce extruded moi and tilapia feeds in the newly-built
feed mill in Hilo. The outcomes of this research activities will directly or
indirectly benefit local tilapia farming, ingredient producers and aquaculture
industry. The information will also provide baseline methods for formulated
feeds, feed processing and tilapia culture in Hawaii or the Pacific regions in
the future. Production of local feed will open the feed market to local
industries including agriculture, biofuel and fisheries.

Project Progress

- Two moi diets and two tilapia
diets have been formulated with
Feed Formulation software.

- The OI Finfish department has
had two successful runs of
hatching moi larvae and growing
them to juveniles. They also
successfully tested the shipment
of moi juveniles to the Big Island.

- PACRC is currently conducting
a moi feeding trial to compare OI
moi feeds with a commercial
feed.

- American Samoa Community
College is conducting a Nile
tilapia feeding trial to compare
OI tilapia feed with their own
processed tilapia feed.

29

Additional Project
Participants

Dr. Armando Garcia-Ortega
University of Hawaii at Hilo
PACRC

Target Audiences
Aquaculture farmers, feed industry, agriculture producers, agriculture
administration agencies, scientists or researchers from institutes or
universities.
Objectives
Objective 1: Conduct biochemical analyses of local ingredients to assist in feed
formulation and to update the local feed ingredient database;
Objective 2: Develop two (2) cost-effective feed formulations for a carnivorous
marine fish (e.g. moi) and two (2) formulations for an omnivorous euryhaline
fish (e.g Nile tilapia) using local ingredients (Tables 1 and 2);
Objective 3: Optimize feed processing conditions to produce floating and
sinking feed at commercial scale at OI’s Feeds Research and Pilot Production
Facility;
Objective 4: Compare experimental diets to a control diet by evaluating moi in
floating net cages at the University of Hawaii at Hilo’s Pacific Aquaculture &
Coastal Resources Center (PACRC), and tilapia performance in tanks at
American Samoa Community College (i.e. growth, survival, and product
quality), all with three (3) replicates;
Objective 5: Evaluate fish performance data, feed efficiency data, and
economic data from moi trials in cages in Hawaii and Nile tilapia in ponds in
American Samoa;
Objective 6: Organize a workshop for local farmers and other industry
stakeholders to share results.
Outputs & Outreach
Construction of the feed mill was completed in 2018. The project work group
initially experienced some difficulties with the technology and brought in
extrusion expert Peter Hutchinson for hands-on training. The team have since
successfully produced >95% floating feed pellets for moi and tilapia using the
newly installed extruder and other feed mill instruments.
The ‘moi feed-1’ and ‘moi feed-2’ were formulated with local ingredients and
low-priced commercial feed ingredients. Proximate contents for processed moi
and tilapia diets are shown in Table-4 of the full progress report (included in
the appendix). Feeding trials are currently underway at UH Hilo and American
Samoa Community College.
Outcomes & Impacts
The work on feed formulation and processing and the feeding trial will impact
local ingredient production and tilapia aquaculture.
Publications & Presentations
None to report
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Development of New Technologies

Development of Cost-Effective Aquatic Feeds
Using Locally Sourced Ingredients
Funding Level: $116,000
Lead Institution: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Zhi Yong Ju, Ph.D.
Status: Ongoing
Report on Activities from November 2017 to October 2018
Research Purpose
Commercial aquaculture farmers in Hawaii and the U.S.-affiliated Pacific
islands are dependent on imported feed to sustain their businesses, as there
are no commercial feed mills in the region. This situation has created a huge
financial burden to the farmers and has significantly limited the expansion of
local agriculture and aquaculture to enhance food security and island
sustainability. The Oceanic Institute of Hawai‘i Pacific University (OI) has
constructed a Feeds Research and Pilot Production Facility in Hilo, Hawaii,
which is expected to be operational shortly. Successful operation of the
new feed mill is dependent on research to support large-scale, commercial
production of cost-effective feeds using locally sourced ingredients. This
project is using computer software to formulate tilapia feed based on the
following criteria: 1) nutrient requirement of the target species; 2)
nutritional quality of local ingredients; 3) unit price of protein and
carbohydrate ingredients; and 4) requirements for practical feed processing.
Anticipated Benefits
This project will produce practical tilapia feeds using the extruder in the
newly built feed mill in Hilo. The outcomes of this research will directly or
indirectly benefit local tilapia farming, ingredient producers and aquaculture
industry. The information will also provide baseline methods for formulated
feeds, feed processing and tilapia culture in Hawaii or the Pacific regions in
the future. Production of local feed will open the feed market to local
industries including agriculture, biofuel and fisheries.
Target Audiences
Aquaculture farmers, feed industry, agriculture producers, agriculture
administration agencies, scientists or researchers from institutes or
universities.

Project Progress

- New local feed ingredients such
as tuna fishmeal from America
Samoa, defatted
haematococcus, spirulina, corn,
and coconut meal have been
collected, and low priced
commercial feed ingredients
such as soy bean meal and
wheat flour have been
purchased for nutrient analysis
and for formulation of tilapia
feeds.

- Two tilapia diets have been
formulated with Feed
Formulation software.

- Newly determined nutrition
information for the local feed
ingredients has been saved in
the FeedServer database.

- Two floating tilapia feeds have
been prepared, and are currently
being tested through trials at OI
and on four farms in Hawaii.
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Additional Project
Participants

Dr. Fabio Soller
Oceanic Institute of Hawaii
Pacific University

Dr. Gerry Cysewski
Cyanotech Inc

Objectives
Objective 1: Formulate cost-effective tilapia feeds using local ingredients using
feed formulation software and update the local feed ingredient database.
Objective 2: Optimize processing conditions to produce floating tilapia feed at
commercial scale at OI’s Feeds Research and Pilot Production Facility.
Objective 3: Test feed performance on tilapia growth and survival and product
quality at OI’s Makapu’u laboratory and at UH-Hilo’s PACRC facility.
Objective 4: Test feed performance on tilapia growth and survival and product
quality at local tilapia farms on Oahu and the Big Island.
Objective 5: Evaluate the fish performance, feed efficiency and the economic
benefits from tilapia trials at the commercial tilapia farms and the research
labs.
Objective 6: Organize a workshop for local farmers and other industry
stakeholders to share results.
Outputs & Outreach
Nutrient composition of local feed ingredients, commercial feed ingredients,
and commercial feeds have been analyzed for tilapia feed production. High
amounts of local feed ingredients have already been purchased for tilapia feed
production in new Feed Meal in Hilo. Their proximate contents have been
analyzed.
Construction of the feed mill was completed in 2018. The project work group
initially experienced some difficulties with the technology and brought in
extrusion expert Peter Hutchinson for hands-on training. Two tilapia feeds,
Feed-1 and Feed-2 were prepared in Hilo, and half of the feeds (one ton) were
transported to OI. These feeds are currently being tested in OI’s Makapuu
laboratory, where they are being compared with a commercial tilapia feed that
is currently available in local markets. Each of the three diets has been
assigned three replicated tanks (2000L), and each tank was stocked with 55
juvenile local tilapia (~20g/each). In addition, the two processed feed products
have been sent to four farms (two farms on the Big Island and two farms on
Oahu) for on-farm comparison with commercial tilapia feeds. The trial was
ongoing at the time of this report, at which point tilapia were observed with
higher active eating of the project feed compared with commercial feed.
Outcomes & Impacts
The work on feed formulation and processing and the feeding trial will impact
local ingredient production and tilapia aquaculture. The research will establish
an extrusion method to produce floating tilapia feed pellets in the new Feed
Mill.
Publications & Presentations
None to report
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Demonstration & Adaptation of Known Technologies

Development of Marine Finfish Aquaculture,
Aquatic Feeds, and Training in the RMI for
Sustainability and Food Security
Funding Level: $297,236 (3 Years)
Lead Institutions: Rongelap Atoll Local Government
Principle Investigator: Mayor James Matayoshi
Status: Year 2 Completed; Year 3 Ongoing
Report on Activities from October 2017 to Sept. 2018
Research Purpose
The dependency on imported goods and low agricultural production
translate into a high level of malnutrition and food insecurity in the Republic
of the Marshall Islands. Due to limited land and fresh water availability, and
the risk of overfishing, the local government identified marine aquaculture
as the main sector to support food security. However, there are two barriers
to developing sustainable aquaculture in the RMI: lack of skilled labor and
the need to import aquatic feeds. The local labor drain (mobility of skilled
Marshallese) remains high due to easy entry into the U.S. and limited
employment opportunities in the RMI. Furthermore, as with most remote or
island locations, the cost of transportation of feed ingredients or prepared
feeds is very expensive. This three-year project is developing and
transferring aquaculture technology in the RMI, particularly the
manufacturing of locally-sourced feeds and fish farming of Moi (Polydactylus
sexfilis) and Rabbitfish (Siganus spp), with an emphasis on training local
technicians.
Anticipated Benefits
The outputs from this project will increase knowledge of fish husbandry and
feed manufacturing. It will encourage the connection of land-based farms
with aquaculture production, and result in less waste and more agricultural
inputs and outputs (feeds, fish). If successful, there will also be an increase
in agricultural activities and the number of small farms, resulting in
increased production of fish for local and commercial consumption, less
dependency on imported goods and fuel, improved self-reliance and food
security. This work is also helping to create a locally trained workforce with
an increased income.

Project Progress

- At the start of Year 3, the
project work group begun to
produce feed for rabbitfish
growout trials and square cage
trials with farmers. Feeds are
being manufactured weekly
based on demand.

- Staff, trainees and students
worked together to complete the
setting up of square cages,
maintenance of cages, stocking
of cages, feeding of fish and
observing feeding behavior in
preparation for farmer trainings.

- A farmer has been selected to
manage the cage trial. This will
be beneficial to the outcome of
the project and ongoing training,
as well as the livelihood of the
farmer.
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Additional Project
Participants

Ryan Murashige
Project Co-PI and
Report Author
Aquaculture Technologies of
the Marshall Islands (ATMI)

Johnny John, Derrick Konou,
Junten Aisea, Billy Ned
ATMI

Marshall Islands Marine
Resource Authority

Republic of Marshall Islands
Ports Authority

Target Audiences
Marshall Island Marine Resource Authority (MIMRA), general public, local
vendors, and trainees.
Objectives
Objective 1: Feed Development: To collect and analyze local ingredients, and
develop five (5) locally sourced feed rations for Moi trials.
Objective 2: Fish Trials: To test five (5) locally-sourced feed rations in Moi fish
trials to establish the most optimal locally sourced feeds.
Objective 3: Outreach/Technology Transfer: To train local workforce on feeds
and fish production.
Outputs & Outreach
The project work group has produced over 6,000 kg of feed for production
cages and farmer’s cages. Five College of Marshall Islands (CMI) students have
been trained on feed ingredients, feed composition/formulation, mixing,
production of dry and semi-moist pellets, safety of manufacturing and storage
of feeds produced. The CMI students returned to classes, and ATMI is currently
waiting to recruit four new trainees.
In addition, training continued during the reporting period to train existing
staff to serve as leads for project: Team Lead/Fish, cage growout technician
and feed technician.
Juvenile moi have been stocked in two cages for farmer training, which is
scheduled to begin shortly and will continue until the next harvest in 2019.

RMI Customs

Pan Pacific

MIFV

Outcomes & Impacts
Feed formulation and manufacturing of feed is key to the success of
aquaculture in the RMI and the region. Researchers have proven that they can
produce a quality local feed to sustain a fisheries industry.
The project impact is strongly based on the successes of qualified trained
personnel, who will hopefully continue beyond this project and lead the future
of aquaculture in the RMI. Staff members are at the point where they have
enough knowledge and experiences to train additional local trainees.

Do It Best Hardware

Publications & Presentations
None to report
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Demonstration & Adaptation of Known Technologies

Establishing Coral Grouper (Plectropomus
leopardus) Production in Palau through the
Application of Intensive Copepod
Production Technology
Funding Level: $297,400 (3 Years)
Lead Institutions: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Chatham Callan, Ph.D.
Status: Year 3 Ongoing
Report on Activities from October 2017 to September 2018

Project Progress
Research Purpose
The culture of high-value marine fish (such as grouper) is rapidly expanding
in Asia where the value of grouper production is nearly $200 million
annually. In SE Asia, groupers have been cultured for over 30 years.
However, current culture methods still face very low hatchery survival (~1%)
in some of the most commercially important species, such as the coral
grouper (Plectropomus leopardus), largely due to inadequate larval feed
items. Therefore, a significant need remains for development of intensive
hatchery technologies to meet the ever-increasing demand for product. This
project is aiming to further strengthen and support the ongoing coral
grouper (Plectropomus areolatus) work on Guam (previously funded by
CTSA) by establishing coral grouper culture in Palau and effectively create a
regional working group on these species.
Anticipated Benefits
If successful, the project will establish the necessary infrastructure and
technical capacity for the culture of coral grouper in Palau. The direct
benefit would be the production of coral grouper fingerlings for subsequent
grow-out in the region.
Target Audiences
The target audiences are fish producers in Palau and the Pacific region.

- Production of coral grouper
juveniles is ongoing at OI. The
culture process for coral grouper
is being further refined in the
current project year, however
researchers have made
significant strides in fingerling
production and weaning.

- Researchers were able to
produce over 10,000 fingerlings
(day 60) from a single run
stocked with 100,000 eggs. This
achievement has allowed them
the opportunity to explore the
on-shore grow-out potential for
this species, which they are
currently beginning to test.

- The fish are currently ranging
in size from less than 8g, 6.5cm
to over 63g, 16.5cm. The largest
fish have been removed from the
population, as considerable
cannibalism has been observed.
The mean size of fish at OI is
currently ~20g.
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Additional Project
Participants

Miguel De Los Santos
Palau Community College

Objectives
Objective 1: Establish and maintain broodstock populations of coral grouper
and monitor egg production at BMR and PCC facilities.
Objective 2: Establish cultures of Parvocalanus copepods at PCC hatchery for
use in testing on grouper larvae.
Objective 3: Optimize and refine culture methods for suitable species of
copepods for testing on grouper.
Outputs & Outreach
In 2018 OI staff traveled to Palau to assist with the scale up and demonstration
of copepod cultures and larval rearing of grouper. Specifically, algae and
copepod cultures were scaled up to provide > 10 million nauplii per day to
support multiple 500L larval rearing tanks. PCC staff worked alongside OI staff
and were involved in the production of microalgae, copepods, rotifers and
Artemia to support the larval rearing of coral grouper.
Following the 2 week period of live feeds scale up and training at the PCC CRE
Hatchery, the project PI also traveled to Palau to provide an accompanying
seminar on live feeds culture and to provide further technology/information
transfer on hatchery production of grouper to stakeholders in the region.
Several local investors, farmers, and private sector industry representatives
attended the seminar and received information pertaining to starting a
grouper hatchery.
Outcomes & Impacts
The change in knowledge that occurred was continued and improved
understanding of microalgae production requirements and methods for
expanding copepod production. This resulted in new methods (some outdoor
culture) being immediately implemented at the PCC hatchery facilities. Also,
staff at PCC as well as at local private sector companies were taught additional,
critical information pertaining to the production of copepod nauplii. Therefore
the knowledge necessary to carry out further intensive production was
effectively disseminated. This resulted in immediate implementation of this
knowledge at PCC facilities as well as at local, private sector companies. Results
of the feed testing on grouper larvae further confirmed that copepods are an
essential requirement for these fish and further efforts should be placed on
implementing their widespread use.
Publications & Presentations
None to report
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Extension Support to Further Industry Development

Francisella noatunesis subsp. Orientalis (Fno)
incidence and genetic assessment of feral Tilapia
populations in Hawaii
Funding Level: $49,900
Lead Institution: University of Hawaii
Principle Investigator: Michael Wong, Ph.D.
Status: Ongoing
Report on Activities from October 2017 to September 2018
Research Purpose
Francisellosis causes mortalities in temperate to tropical fish worldwide. In
Hawaii, francisellosis has been linked to the large numbers of unexplained
mortalities in cultured and feral populations of tilapia on Oahu. Molecular
methods have identified the causative bacterium as Francisella noatunensis
sp. orientalis (Fno). In an attempt to prevent the spread of the bacterium,
the State of Hawaii Plant Quarantine Division issued a moratorium on
exporting Oahu tilapia to the other Hawaiian Islands. However, it is
unknown if Fno is present and/or the extent of its presence on the other
Hawaiian Islands. Therefore, this project is aiming to determine the
prevalence of Fno on islands other than Oahu, and to determine what
species are infected and established in natural bodies of water in Hawaii.
Anticipated Benefits
This project will increase knowledge of the composition of tilapia species
and hybrids and presence/viability of Fno on Oahu, Maui, Kauai, Molokai,
and Hawaii. In addition, it has potential to increase market for tilapia
production, increase opportunities for aquaculture farmers, increase
research opportunities for UH, GCSU, and HDOA, and instigate actions by
State regulatory officials.
Target Audiences
Aquaculture scientists, researchers, and extension faculty from institutes or
universities, tilapia Farmers, and State regulatory agencies.
Objectives
Objective 1: Collect up to 400 specimens of tilapia from feral populations on
the islands of Hawaii, Kauai, Maui, Molokai and Oahu.

Project Progress

- Tilapia were collected on Oahu,
Kauai, Maui, Molokai, and
Hawaii Islands. Samples from
these fish were tested for the
presence of Fno via bacteriology
and PCR. Samples were also
tested to determine species
present within the State.

- Results from the PCR Fno
screening are pending. However,
87 out of 93 spleens
histologically prepared showed
presence of granulomas,
suggestive of Fno.

- Fin clip samples of tilapia taken
from across the Hawaiian Islands
have thus far identified fish as
either Sarotherodon
melanotheron or a hybrid
Oreochromis mossambicus x
Oreochromis niloticus cross.
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Additional Project
Participants

RuthEllen Klinger-Bowen
University of Hawaii

Lei S. Yamasaki
Hawaii Department of
Agriculture

Thomas Y. Iwai Jr.

David A. Weese
Georgia College and State
University

Objective 2: Necropsy the specimens, record any gross findings associated with
Fno, culture spleens for microbiological analysis, and collect samples of spleen
for histopathology and PCR.
Objective 3: Screen spleen biopsies for Fno infection using conventional PCR
methods.
Objective 4: Perform fin biopsies and submit samples to the laboratory at
Georgia College and State University for tilapia species identification via
molecular methods.
Objective 5: Prepare articles for the scientific community and in lay terms to
convey the project information to the aquaculture industry and regulatory
agencies.
Outputs & Outreach
The project work group collected 83 tilapia from five sites on Oahu, 33 tilapia
from two sites on Molokai, 45 tilapia from two sites on Maui, and 45 tilapia
from two sites on Kauai. All 206 tilapia were necropsied with spleens fixed in
95% ethanol for shipment to Dr. David Weese for PCR analysis. Bacterial
cultures (Fno and non-Fno) were completed on representative samples from
most sites. No Fno growth was observed in culture. Nine of 78 cultures showed
bacterial growth identified as from an environmental origin. 87 out of 93
spleens histologically prepared showed presence of granulomas, suggestive of
Fno. For the total samples submitted to Dr. Weese before August 31, 176 were
tested for Fno via PCR. Results are pending due to difficulty in reproducing
presence/absence. PCR methodology is presently being adjusted to acquire
accurate results.
Fin clips from 206 tilapia from Oahu, Maui, Molokai, and Kauai were shipped to
Dr. Weese. Sixty-five of the samples from Oahu were tested and determined
to be Sarotherodon melanotheron. Twenty-one of the samples from Molokai
were tested and determined to be a Oreochromis mossambicus x Oreochromis
niloticus cross.
Results have not yet been extended to intended users, as data is still being
collected. Research results obtained during the proposed project are to be
summarized into a manuscript and submitted to an appropriate scientific
journal for publication.
Outcomes & Impacts
None to report.
Publications & Presentations
None to report.
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Development of New Technologies

Potential of Black Soldier Fly as a Feed
Ingredient to Support Hawaiian
Aquaculture
Funding Level: $173,174 (2 Years)
Lead Institutions: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Zhi Yong Ju, Ph.D.
Status: Year 2 Ongoing
Report on Activities from October 2017 to Sept. 2018
Research Purpose
Production of local feeds is the key for future aquaculture in Hawaii and
other island communities; however, these communities have limited
farming resources including available land, fresh water, and energy. These
restrictions pose a challenge to grow ingredients for local feed production.
Therefore, searching for sustainable and locally available ingredients is one
of the critical issues for developing sustainable aquaculture for island
communities. On the other hand, food waste is one of the major wastes
deposited in landfills and could cause environmental pollution if not
properly treated. In Hawaii, only a small proportion of food waste has been
used for pig feed or fertilizer. Therefore, this project is aiming to utilize and
convert food waste into feed ingredients through cultivation of Black Soldier
Fly, thereby providing the local feed industry with a viable alternative while
helping to address the challenge of a diminishing global nutrient supply and
increased pollution of the environment.
Anticipated Benefits
The outcomes of this project will benefit the local aquaculture industry,
restaurants and ingredient producers, as well as feed researchers. Utilizing
food waste to produce BSF will benefit the local environment too. The
information will also provide a baseline evaluation for utilization of BSF
ingredients and processing methods for aquafeed production. Production of
local feeds with BSF ingredients will benefit aquaculture farms and open the
feed market to local industries including agriculture, biofuel and fisheries.
This project is expected to have national and international impacts because
BSF as an ingredient is of global interest in aquaculture.

Project Progress
- Defatted BSF was prepared by
extracting lipid with hexane from
original BSF larvae biomass
according to the method
developed during Year 1 of the
project.

- A feeding trial was conducted
to replace fishmeal in shrimp
diets with defatted BSF meal.
BSF ingredient has been defatted
to gradually replace fishmeal (0,
25, 50 and 75% replacement) in
four test diets.

- The 25% BSF diet displayed
better results for final weight,
growth, estimated FCR and yield
among all diets. However,
replacing up to 50% of fishmeal
protein with defatted BSF does
not have adverse effects on the
growth of shrimp.

- The results from this study
provide important information
regarding the potential
application of BSF larvae as a
valuable alternative protein
ingredient in shrimp feed.
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Additional Project
Participants

Spencer Davis, Kathleen
Ramm, and Bell Lin
Oceanic Institute of Hawaii
Pacific University

Robert Olivier
Prota Culture Company

Target Audiences
The target audiences are researchers, feed manufacturers and fish producers
in Hawaii.
Objectives
Objective 1: Compare the nutritional composition, processing efficiency, shelf
life and physical quality of raw and processed BSF larvae.
Objective 2: Determine the palatability and digestibility of BSF in fish or shrimp.
Outputs & Outreach
Aside from the nutritional data obtained for Black Soldier Fly larvae, this
project has produced a method for defatting BSF larvae in the lab using hexane
as the solvent, allowing for the defatted BSF meal to be safely used in
aquaculture feeds.
In addition, researchers formulated and manufactured four shrimp diets
containing increasing levels of BSF protein to replace fishmeal protein. A
successful shrimp feeding trial was accomplished and resulted in the
conclusion that up to 50% of fish meal protein could be replaced by defatted
BSF meal without affecting shrimp growth performance.
Outcomes & Impacts
The data obtained thus far will be very helpful in evaluating Black Soldier Fly’s
potential as a feed supplement for local aquaculture feed production in
Hawaii. The defatting method developed will also be useful for defatting many
oil seeds in Pacific Islands to produce protein seed cakes.
Publications & Presentations
“Black soldier fly larvae meal as a protein ingredient to replace fish meal in the
diets of Pacific white shrimp.” Poster; accepted for presentation at
Aquaculture 2019 conference.
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Information
Dissemination
Development
of New
Technologies

Aquaculture Information Service for the
Pacific Region
Funding Level: $58,481
Lead Institution: Oceanic Institute of Hawaii Pacific University
Principle Investigators: Cheng-Sheng Lee, Ph.D. & Meredith Brooks
Status: FY2016 Ongoing
Report on Activities from Oct. 2017 to Sept. 2018
Research Purpose
The “Aquaculture Information Service” project was implemented several
years ago (under a different title) because CTSA determined that one of the
impediments to the development of a viable aquaculture industry in the
Pacific is the lack of access to pertinent scientific information. The purpose
of this project is to produce and disseminate publications containing this
information, which includes project results from CTSA and other RAC’s, to
stakeholders in the region and beyond. The work is carried out by CTSA’s
Information Specialist. The project assistant also conducts literature
searches for regional stakeholders (in place of the terminated PRAISE
project).
Anticipated Benefits
Activities conducted through this project will update stakeholders on the
progress of CTSA work, provide essential data to researchers, and help
farmers improve production (through the application of disseminated
information).
Target Audiences
Farmers, researchers, students, and other aquaculture stakeholders in the
CTSA region and beyond.
Objectives
• Objective 1: Inform industry members, educators, and other key
individuals of pertinent aquaculture information, and update them on
the status of regional aquaculture through various media.
• Objective 2: Inform the aquaculture community and interested parties
of the progress of CTSA and other Regional Aquaculture Center (RAC)

Project Progress

- The Information Specialist
continued to produce and
distribute an online newsletter
each month to approximately
1,000 subscribers. Farmers and
other stakeholders frequently
report to CTSA that the
newsletter and other publication
services provide crucial
information to complete their
business and/or research.

- The Information Specialist
continued to film and produce
videos for CTSA’s Aquaculture
in the Pacific video series. To
date, CTSA videos on YouTube
and Vimeo have over 50,000
unique views (combined).

- The CTSA website
(www.ctsa.org) was maintained
on a regular basis through this
project to include regional
announcements, news stories,
and other pertinent information
for regional aquaculture
farmers, researchers, and
stakeholders.
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Additional Project
Participants

Maggie Ma
Administrative Assistant
Center for Tropical and
Subtropical Aquaculture

projects in relation to our mission through the dissemination of our own and
other publications.
Outputs & Outreach
The primary purpose of the project is to conduct outreach to CTSA
stakeholders. The largest mechanisms of outreach are the monthly enewsletter and the website www.ctsa.org, which is regularly maintained by the
Information Specialist. In addition, the video “Island Farmer Spotlight: Ili’Ili
Farms” was filmed during the reporting period and is in final production.
All of the CTSA reports submitted to the USDA are completed through this
project, including the REEport for each CTSA grant, and the Annual
Accomplishment Report for all ongoing supported projects. The Information
Specialist is also responsible for organizing and conducting (along with CTSA
Executive Director Dr. Lee) a bi-annual conference call with the PI of each
ongoing project to discuss objectives, results, and outreach.
Outcomes & Impacts
The information dissemination activities under the Publications project have
helped extend CTSA and other RAC research to industry stakeholders and
interested parties throughout the region by providing essential information on
new and existing technologies. The video series has provided an opportunity
for worldwide promotion of regional aquaculture activities, and several videos
have been featured at international conferences and symposiums. The
publications produced as a result of the project are beneficial to potential and
existing aquaculture farmers in Hawaii and the U.S. Affiliated Pacific Islands.
Publications
Twelve issues of Regional e-Notes were produced and released during the
reporting period.
The Information Specialist assisted in the preparation of manuscripts and other
publications associated with ongoing CTSA projects.
22

42

