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Center for Tropical and Subtropical Aquaculture

Development of New Technologies
Marketing and Economics

Establishing Bivalve Farming in Hawaii
Funding Level: $71,182 (2 Years)
Lead Institutions: University of Hawaii at Hilo
Principle Investigators: Maria Haws, Ph.D.
Status: Completed on July 31, 2016

Summary
Hawaii is in the process of establishing a bivalve culture industry, which it
previously lacked due to regulatory impediments. Like all new industries
being established in different locales, targeted research is necessary to avoid
costly mistakes at the beginning of industry development. Moreover, Hawaii
has unique conditions that require additional applied research in order to
determine how best to culture shellfish here. This project achieved its goals
to determine which strains of oysters perform best under Hawaii conditions,
and to improve technical capacity of farming shellfish locally.

Target Audiences

Bivalve farmers in Hawaii and students. Both acquired new skills and
knowledge in a wide range of topics including bivalve biology, culture
methods, genetics, data collection and research methods.

Objectives
• Objective 1: Assess the effects of seasonality on reproduction and
condition index (CI) for Crassostrea gigas in Hawai`ian fishponds and
other sites to determine ideal harvest and stocking schedules and
maximum stocking densities.
• Objective 2: Improve triploid C. gigas performance by testing different
triploid crosses. The triploid crosses will be produced by using lines
developed by the Molluscan Broodstock Program (MBP) and the
Midori C. gigas strain as the diploid parents to be crossed with
tetraploid oysters. Crosses will be tested in Hawai`ian fishponds and
other sites to determine whether these triploids differ in performance
from previous triploids crosses
• Objective 3: Develop a high-value half-shell oyster product for Hawai`i
by conducting grow-out trials of a newly developed indigenous oyster
species (Dendrostea sandvichensis) and Kumamoto oysters (C. sikamea).
• Objective 4: Test culture methods for Manila clams to improve survival
and growth.
• Objective 5: Test a new broodstock conditioning system for Tellina
palatum (Hawai`ian clams) to improve on previous spawning trials.
• Objective 6: Conduct outreach to transfer the technology developed in
Objectives 1-5.

Project
Accomplishments

- This work demonstrated that
triploid Pacific Oysters,
Kumamoto Oysters (Crassostrea
sikamea) and the Hawaiian
Oyster are the most likely oyster
species for a viable industry in
Hawaii.

- The importance of using cages
for Manila Clams was confirmed.
Clams have been successfully
cultured in off-bottom cages in
He`eia, Moli`i and Keawanui
fishponds, demonstrating that
clam culture is still a possibility in
Hawaii, albeit at a higher cost.

- The native clam, Tellina
palatum, appears to be difficult to
develop for aquaculture,
although further efforts may be
worthwhile for conservation and
restoration purposes.
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Additional Project
Participants
Robert Howerton
University of Hawaii Sea
Grant

Student
Participants
Forrest Peterson, Steven
Classen, Daren Gariques,
and Cassidy Kennedy
University of Hawaii at Hilo

Project Partners
Pae Pae `O He`eia
Non-profit Producer
Kualoa Ranch
Producer
The Hawaiian Learning
Center
Non-profit Producer

Outputs & Outreach

A total of seventy farm visits to conduct collaborative research were held. Most
of these included an element of training basic biology, culture and ecology of
shellfish along with demonstration of practical methods. The stakeholders
involved in this work (Paepae o He`eia, Hawaiian Learning Center, Kualoa
Ranch) are now fully trained in shellfish culture methods and data collection.
This represents valuable scientific capacity for future research and aquaculture
initiatives.
The work group demonstrated that triploid oysters grow faster in Hawaii than
diploids, and found that the condition index of diploid oysters is generally low
throughout the year, hence most farmers will most likely rely on triploids.
They also found that clam culture will need to be conducted in cages since onbottom culture using predator exclusion mesh was not successful, as the mesh
failed to exclude predators. The native clam, Tellina palatum, has proven to be a
difficult species to develop for aquaculture.
Results from this work are included in University of Hawaii at Hilo class
curricula, public tours at three sites, and on two websites (PACRC Facebook
page and UHH webpage). Farm visits and small training sessions were most
effective in conveying knowledge and information about bivalve culture and
research methods. Collaborative research with stakeholders was effective in
developing good working relationships that resulted in the stakeholders
having firsthand knowledge of the results and implications of the research. A
total of sixty-five (graduate and undergraduate) benefitted from training
related to the research, and three thesis resulted from topics related to this
work.

Outcomes & Impacts
Stakeholders now have knowledge of which species, strains and culture
systems are most feasible for bivalve culture in Hawaii, and four groups are
now culturing bivalves on a regular basis. This work informed other research
and development efforts such as developing tetraploids, identifying the needs
for FLUPSY-style nursery systems and depuration systems. Members of the
public and students gained knowledge of the importance of bivalves.

Hawaiian Shellfish, LLC
Hatchery

Publications & Presentations

Nisbet Oyster, Inc.
Producer and Processor

Classen, S.M., S. Lombardi, D. Gariques, R. Quintana, K.T. Paynter and M. Haws. 2012.
Culture and physiological tolerance of Dendrostrea sandvicensis under hypoxic and
normal conditions. World Aquaculture Society Meetings. Nashville, TN. Feb. 22-25,
2013.
Haws, M.C., R. Howerton, A.H. Kawelo, K. Kotubetey and R. Quintana. 2012. Bivalve
shellfish culture in Hawaii and the Pacific Islands: unrealized potential for food
security, conservation and ecological services. Hawaii Conservation Conference.
Honolulu, HI. August 1, 2012.
Haws, M.C., R. Howerton, A.H. Kawelo and K. Kotubetey. 2014. Bivalve shellfish
culture in Hawaii and ecological services. Hawaii Conservation Conference. Honolulu,
HI. August 1, 2013.
Manuscript on D. sanvichensis in preparation.
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Development of New Technologies

Aquaculture Potential of Hawaiian Polychaetes for
Use as a Shrimp Maturation Feed
Funding Level: $60,403 (2 Years)
Lead Institutions: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Dustin Moss
Status: Completed on July 31, 2016

Project
Accomplishments

Summary

Marine polychaete worms are a necessary dietary component for penaeid
shrimp broodstock, due to their high concentrations of highly unsaturated
fatty acids. Currently, shrimp hatcheries in Hawaii are importing over
$200,000 worth of frozen marine polychaetes worms; freight charges are
high, and the quality of the worms can vary greatly. Furthermore, most
shrimp farms around the world prefer to feed live polychaetes. Aquaculture
of a local polychaete species can provide a more cost effective (and perhaps a
more nutritional) maturation feed for local shrimp farmers, as well as ensure
that the shrimp in Hawaii are being fed disease-free worms. In an effort to
eventually establish local production of marine polychaetes, this project
provided
foundational
information
for
future
research
and
commercialization.

Target Audiences

Shrimp farmers in Hawaii, as well as other aquaculture managers that use
polychaetes as a shrimp broodstock feed.

Objectives
• Objective 1: Collect polychaetes from local near-shore habitats and
screen for the incidence of shrimp viruses previously reported in
Hawaii.
• Objective 2: Culture locally collected polychaetes selected based on
large size and/or high reproductive output and palatability to shrimp.
• Objective 3: Induce Spawning and Collect fertilized embryos.
• Objective 4: Achieve settlement and metamorphosis of polychaete
larvae and growth of juvenile worms.
• Objective 5: Select a single species for scale-up and optimization.

- Several species of local marine
polychaetes were collected and
identified. M. sanguinea was
identified as a local species with
desirable characteristics. In
addition, preliminary feeding
experiments revealed that M.
sanguinea was as palatable as
or more palatable than other
species of local marine worms to
shrimp broodstock.

- Biochemical and nutritional
analysis of cultured M.
sanguinea showed it has
comparable levels of crude
protein and fatty acids known to
be beneficial to shrimp
reproduction and higher levels of
crude protein, fatty acids, and
lipids known to be beneficial to
shrimp reproduction.

- Researchers developed basic
methods for culturing M.
sanguinea, and found they
readily reproduce in captivity. In
addition, growth rates and
harvest densities appear to be
sufficient to support commercial
culture of this species.
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Additional Project
Participants

 Objective 6: Biochemical analysis of cultured worms to determine nutrient
composition and fatty acid profiles.
 Objective 7: Disseminate the results of the research project.

Outputs & Outreach
Catherine Unabia, Ph.D.
Hawaii Pacific University

Student
Participants

Cassandra Turner and
Steven Martens
Hawaii Pacific University

M. sanguinea was identified as a local polychaete species with desirable culture
characteristics and high palatability, and determined to be the best local species
for culture. Basic culture methods were developed and important data on
biochemical/nutritional quality, growth rates, impacts of sediment and
stocking density on harvestable biomass, and reproduction were collected. This
research should provide a sound foundation for additional research to
optimize culture methodologies and, perhaps, initial commercial culture
efforts.
The work group presented Year-1 project findings at a CTSA-funded workshop
titled “Utilization of Local Co-products for Aquatic Feed” at the end of 2014.
The title of the presentation was “Aquaculture Potential of Hawaiian
Polychaetes for Use as an Aquaculture Feed.” In addition, a poster was created
and displayed at a symposium for graduate student research held at HPU, and
can be used for other outreach events featuring this project.

Outcomes & Impacts

It is estimated that >5,000 kg of frozen marine polychaetes are imported into
Hawaii annually to support shrimp breeding activities (cost > $200,000 per
year). Through production of local polychaetes, there will no longer be a need
to import polychaetes from Maine or the Netherlands, which are the current
primary providers of polychaetes for shrimp broodstock in Hawaii. This will
save local shrimp farmers a substantial amount of money. Farming worms in a
controlled facility will also help to reduce the risk of infection of shrimp stocks
from shrimp diseases potentially carried by polychaetes. Since diseases that
can be carried by polychaetes pose a major risk to the shrimp industry, using
farmed polychaetes rather than wild-caught polychaetes as broodstock feeds is
of great benefit.

Publications & Presentations
This project was featured in three separate articles on the “Shrimp News
International” website
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Development of New Technologies

Development of Locally Made Commercial
Feed for Tilapia Aquaculture in Hawaii
Funding Level: $96,414
Lead Institution: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Zhi Yong Ju, Ph.D.
Status: Completed on May 31, 2016

Summary

Due to the lack of locally made aquatic feeds, aquaculture in Hawaii, as well
as other Pacific islands, relies heavily on imported feeds. The unstable
supplies of imported feeds endanger the security of the local aquaculture
industry. Because aquatic feed is major cost of aquaculture production, the
rising cost for feed and transportation exacerbate the negative impact on
aquaculture in Hawaii. Therefore, the goal of this project was to identify
economically feasible ways for feed production and management, including
manufacturing of a tilapia feed based on a local feed formulation. The
information ascertained through this project will provide a baseline
evaluation for establishment of commercial tilapia feed production in
Hawaii or the Pacific region.

Target Audiences

Tilapia and algae farmers, aquatic feed industry.

Objectives
• Objective 1: Compare the physical quality and nutritional compositions
of local tilapia feed processed by steam pelleting and extruding.
• Objective 2: Determine the optimal feeding frequency based on growth
performance, nutritional quality and sensory test of fish fed the test
diets processed by the different methods.
• Objective 3: Evaluate the production efficiency of tilapia cultured in
commercial conditions.
• Objective 4: Organize a workshop to provide training and research
findings to industry stakeholders and researchers. Publish results in
Regional Notes by CTSA, Aquaculture meetings or in peer reviewed
journals or aquaculture magazines.

Project
Accomplishments
- Researchers formulated a
floating tilapia diet composed of
92% local ingredients.

- Based on previous tests on
tilapia for their digestibility and
growth performances, three diets
were formulated using local
ingredients, including defatted
Haematococcus pluvialis
byproduct and fish meal, and
processed for lab and
commercial farm tests.

- Four trials were conducted to
evaluate effects of our diets on
tilapia growth performance and
product quality in commercial
conditions. Results suggest that
the OI diet made from local
ingredients has excellent growth
performance for indoor tilapia
culture, perhaps due to inclusion
of the microalgae in the diet.
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Additional Project
Participants

Dr. Joannie Dobbs
University of Hawaii

Outputs & Outreach
Researchers determined the nutritional composition for many local feed
ingredients, and formulated and produced tilapia diets using local ingredients.
They evaluated two feed-processing methods and compared floating and
sinking feed pellets on tilapia growth. The work group conducted an indoor
tilapia growth trial and found that the algae-added local diet enhanced tilapia
growth, and that floating pellets had much better effects on tilapia growth than
sinking pellets. In addition, outdoor trials in commercial tilapia production
were conducted, and results found that tilapia fed the formulated local diet
had quick body growth.

Dr. Bradley Kai Fox
Maris Garden

Outcomes & Impacts
Dr. Gerry Cysewski
Cyanotech
Kona, Hawaii

Spencer Davis, Kathleen
Ramm, Mireille Steck
Hawaii Pacific University

Local feed ingredient companies will be able to utilize the nutritional
composition resulting from this ongoing work, and the formulated diets can
help local feed production. Furthermore, the established feed process method
and conditions, and tilapia feeding method and culture conditions will be used
on local tilapia farms.

Publications & Presentations
A poster titled “EFFECTS OF LOCAL-MADE DIETS ON THE GROWTH AND
MEAT COMPOSITION OF TILAPIA (Oreochromis mossambicus)” was
presented at the AQUACULTURE 2016 conference in Las Vegas, Nevada,
February 22 - 26, 2016.
Effects of local-made diets on growth performance and meat composition of
tilapia Oreochromis mossambicus. MS in preparation.

22

8

Development of New Technologies
Demonstration & Adaptation of Known Technologies

Establishment of Milkfish Fry Production in
Palau to Reduce Dependency on Imported
Fry
Funding Level: $128,810 (2 Years)
Lead Institutions: Palau Community College
Principle Investigators: Miguel Delos Santos
Status: Year 2 Ongoing
Report on Activities from Oct. 2015 to Oct. 2016

Research Purpose

Milkfish (Chanos chanos Forskall) farming is becoming a fast growing
aquaculture industry in Palau. Currently, there are five milkfish farms that
operate nationwide and annually about 25 million milkfish fry are needed to
cater to the high production requirement for milkfish (both as food fish and
live tuna bait). However, due to the limited supply of milkfish fry from the
wild, milkfish farmers in Palau have been importing the seedstock from
neighboring countries. Although some milkfish farmers consider it
convenient to import the milkfish fry to satisfy their production
requirement, concerned individuals consider this an issue because of the
possible negative impact such as the introduction of pathogens that comes
along with the live organism to the aquatic environment. This three-year
project is aiming to verify and adapt available technology on the breeding
and seed production of milkfish in Palau. The goal is to establish local
milkfish fry production so that the fast growing milkfish farming industry in
the country will no longer be dependent on the imported fry.

Anticipated Benefits

The establishment of milkfish broodstock and production of a sufficient
number of milkfish fry in Palau would benefit existing milkfish farmers,
whose production is mainly dependent on expensive imported fry.

Target Audiences

The target audiences include milkfish fish producers, the general public and
policy makers in Palau and the Pacific region.

Objectives

 Objective 1: To collect sexually matured milkfish and establish at least
two broodstock facilities that will be monitored for natural spawning in
captivity.
 Objective 2: To document the egg production performance of captive
milkfish broodstock in Palau condition.

Year 2 Progress
- A milkfish broodstock facility
has been established in
collaboration with a local milkfish
farm. In October 2016, industry
partner NECO/ Ngerdubech
Aquaculture transferred about 40
milkfish broodstock from the
fishpond to the floating fish cage.
These broodstock are now being
kept in a separate cage, and will
be used to provide additional
spawners to improve egg
production in the existing milkfish
broodstock cage.
- Starting in January 2016, the
quantity of milkfish eggs
collected improved from less
than 25,000 eggs in the previous
year (2015), to over 100,000
eggs during the spawning
events.
- A series of larval rearing trials
have been conducted during
2016 to establish and refine
methods. Over 10,000 milkfish
fry reared during the trials were
stocked into a fishpond in
Ngatpang State for nursery and
grow-out.
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Additional Project
Participants

Chatham Callan, Ph.D.
Oceanic Institute of Hawaii
Pacific University

Outputs & Outreach Activities

At least 3 milkfish farm technicians and 3 PCC staff have been trained and able
to experience the actual operation of milkfish broodstock management and
larval rearing. More than 10,000 milkfish fry have been produced to date, and
one milkfish farm was able to stock the locally produced milkfish fry for growout.
This project has been implemented in collaboration with one of the biggest
milkfish producers in Palau, NECO/Ngerdubech Aquaculture. Results have
been shared with two other milkfish farming companies and the general public
during site visits at PCC hatchery and during participation in national events.

NECO/Ngerdubech
Aquaculture

Outcomes & Impacts
People in Palau have become aware of PCC’s ongoing project on the
establishment of milkfish broodstock and the effort to address the
unavailability of locally produced milkfish fry to support the growing milkfish
farming industry in the country.
Local farmers, traditional leaders and concerned government agencies support
this project, and have encouraged PCC to continue their efforts to improve the
milkfish egg production. They do so by allowing the project work group to
utilize some areas of their farms and their farm grown broodstock to enhance
the quality of spawners for research.
More milkfish broodstock are now available for stocking in the broodstock
facilities; this is expected to improve the amount of milkfish eggs to be
collected in the succeeding years.

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 2 Ongoing
Report on Activities from October 2015 to Sept. 2016

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. This project is also leveraging substantial
support being provided to BMR through National Taiwan Ocean University
(NTOU), which is providing two visiting research scientists in addition to
funding some of the facilities operations and improvements costs.

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 growout in the region.

Target Audiences

Year 2 Progress
- At the conclusion of Year 1,
researchers had successfully
recruited Coral Grouper
broodstock. At the onset of Year
2, natural spawning began and
the production of eggs has been
excellent.
- To date, larvae have been
reared past day 7 numerous
times, and three batches of
larvae have been reared past
day 30, at which point they
settled as juveniles. The first
rearing attempt (from 66,000
hatched larvae) resulted in 102
juveniles while the second
rearing attempt (from 158,000
hatched larvae) resulted in
approximately 12,000 postsettled juveniles. The third batch
from 100,000 hatched larvae
resulted again in over 10,000
settled juveniles. In all attempts,
the larvae were reared utilizing
copepod nauplii as primary feed.

The target audiences are fish producers in Palau and the Pacific region.

Objectives

 Objective 1: Establish and maintain broodstock populations of coral
grouper and monitor egg production at BMR and PCC facilities.

- Oceanic Institute staff traveled
to Palau in July/August of 2016
to assist in the commission of a
larger-scale copepod and algae
production systems.
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Additional Project
Participants

 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

Miguel De Los Santos
Palau Community College

The primary outputs to date include the implementation of scaled up algae and
copepod production technology at PCC Hatchery. These include outdoor
culture and the establishment of a large-scale production system for copepod
nauplii, automated harvest of nauplii, and the direct training of (2) PCC
technicians on these production methods.
Another output is the initiation of coral grouper fingerling production. Tens of
thousands of settled juveniles have been produced, and several hundred
fingerlings have been transferred to industry stakeholders for grow-out.

Outcomes & Impacts
The change in knowledge that has occurred to this point was improved
understanding of microalgae production requirements and methods. This
resulted in new methods being immediately implemented at the PCC hatchery
facilities. Also, the staff at PCC and local private sector companies were taught
critical information pertaining to the production of copepod nauplii. Therefore
the knowledge necessary to carry out further intensive production was
effectively disseminated.
Results of feed testing on grouper larvae confirmed that copepods are much
better primary live-feed for these fish and further efforts should be placed on
implementing their widespread use.

Publications & Presentations
The effects of feeding the copepod, Parvocalanus crassirostris nauplii and rotifer,
Brachionus rotundiformis on the growth and survival of coral grouper,
Plectropomus leopardus larvae” – a poster presented during the European
Aquaculture Society Conference 2016 in Edinburgh Scotland September 20-23,
2016
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Extension Support

Increasing Production and Improving Food
Safety for Hawaii’s New Bivalve Industry
Funding Level: $83,306 (2 Years)
Lead Institutions: University of Hawaii at Hilo
Principle Investigators: Maria Haws, Ph.D.
Status: Year 2 Ongoing
Report on Activities from Oct. 2015 to Sept. 2016

Research Purpose

Bivalve shellfish aquaculture is distinguished from other forms of
aquaculture in that sanitation is fundamental to producing safe products and
molluscan sanitation is the most complex and costly form of sanitation for
aquaculture products. While bivalve shellfish are amongst the healthiest
food sources, their filter feeding habitats can cause pathogenic bacteria,
viruses, heavy metals and radiation to accumulate in their tissues,
representing serious threats to human health and safety. Shellfish sanitation
is therefore the key issue confronting the new Hawaii bivalve industry. A
second major obstacle to further development of the shellfish industry is the
current remote reliance on being forced to buy large oyster seed due to the
lack of remote setting capability and nursery systems. This project aims to
address these issues.

Anticipated Benefits
Food borne diseases are a major concern of any bivalve shellfish industry,
yet the nascent Hawaii industry has little knowledge or experience with
these. Vibrio diseases are potentially among the most deadly of the major
illnesses related to shellfish consumption, but little or no testing has been
done for Hawaii-produced shellfish. This work will establish a baseline
knowledge of the presence of major species of Vibrio in Hawaiian shellfish.
Nursery production by farmers is another key aspect of economic success for
bivalve farmers, but local conditions have impeded development of
appropriate nursery systems. There is a requirement for floating upweller
systems (FLUPSY) that are suited for use in Hawaiian fishponds (the
primary location of Hawaii bivalve culture) and which are relatively low
cost. This project involves the design and testing of such a FLUPSY systems.
Training to disseminate the findings of this project is also key to future
adoption by the stakeholders.

Target Audiences

Bivalve farmers in Hawaii and students.

Year 2 Progress
- Researchers designed and built
a depuration system in early
2016. Initial testing revealed
some design issues and need for
modifications, which were
addressed. The intent of the new
design is to provide increased
ease of handling for the bivalves
being subjected to depuration
and to increase capacity. The
new unit can be used to
depurate up to 1000-1500
oysters at a time.

- Results from DOH testing show
that the depuration tank was
effective in maintaining coliform
levels and Vibrio levels
(Standard Plate Counts-SPC) at
well below acceptable levels.

- Researchers have sampled
water in Moliʻi fishpond on four
occasions, and oyster tissues on
three occasions. Both the
cultivation and molecular data
suggest that potentially
pathogenic vibrios are present in
the waters of Moliʻi fishpond, that
they are highly enriched in
oysters, and that depuration
followed by storage on ice is
effective for substantially
reducing the presence of these
bacteria in the oyster tissues.
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Objectives
Additional Project
Participants
Greg Stewart, Ph.D.
SOEST
University of Hawaii at
Manoa
Amanda Lowrey, Ph.D
State of Hawaii Department
of Health

 Objective 1: Design, develop and test depuration units that are suitable to
local conditions, cost-effective and in compliance with the unique Hawaii
DOH regulations. Year 1.
 Objective 2: Determine if depuration affects oyster quality and determine if
salting enhances the lepto-organic properties of oysters grown in Hawaiian
fishponds. Year 1.
 Objective 3: Quantify Vibrio vulnificus and V. parahaemolytus in pond water
and in oyster tissues before and after depuration. Year 1-2.
 Objective 4: Design, build and test a nursery system that is suitable for
conditions found in Hawaiian fishponds. Year 1-2.
 Objective 5: Train farmers in two critical industry topics: 1) depuration and
food safety; 2) and setting and nursery methods. Year 1-2.

Outputs & Outreach

Student
Participants
Forrest Peterson, Carli
Hand, and David Litrell
University of Hawaii at Hilo

Project Partners
Pae Pae `O He`eia
Non-profit Producer

Two new equipment models were designed and tested. These included a
FLUPSY unit and depuration tank. In addition, the knowledge of the presence
of vibrios and the availability of methods to reliably detect and identify them
are critical to assuring food safety for bivalve shellfish. These are currently
being developed as part of the CTSA research.

Outcomes & Impacts

Outcomes include an improved depuration tank model, information on vibrio
presence in growing areas and depuration tanks, a FLUPSY nursery model
suited for fishpond conditions, and determination of whether salting during
depuration affects taste and quality.
Farmers now have access to improved farming equipment and have new
knowledge of methods to improve food quality and safety. This work may
lower costs and increase efficiencies for farmers, as well as leading to improved
food safety.

Publications & Presentations
None to report

Kualoa Ranch
Producer
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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 Ongoing
Report on Activities from October 2015 to Sept. 2016

Year 2 Progress
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 aiming to develop and
transfer 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 will also result in a locally trained workforce with an increased
income.

Target Audiences

Marshall Island Marine Resource Authority (MIMRA), general public, local
vendors, and trainees.

- The feed developed during
Year 1 is being produced
regularly by local technicians,
and fed to moi in grow out cages
in the Majuro lagoon.
- The project is currently
collecting wild juvenile Rabbitfish
to begin feed trials. When 280
fish are collected, the team will
stock 15 fish in 18 tanks for the
Rabbitfish feed screening trial.
- The local Marshallese
technicians trained in feed
manufacturing and moi
production during Year 1 are
continuing with training in
Rabbitfish production in Year 2.
- The project is currently,
harvesting and selling 300-400
pounds of moi per week in
Majuro. Two Majuro resorts and
four restaurants feature moi on
their menus, and the fish is
increasing in popularity in the
RMI for both locals and visitors.
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Additional Project
Participants

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

Marshall Islands Marine
Resource Authority

Republic of Marshall Islands
Ports Authority

RMI Customs

Pan Pacific

MIFV

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

Aside from the local aquatic feed that has been developed, the most significant
outputs for this project to date are the training of the staff and additional
trainees participating in the project. To achieve a high quality staff, trainings
have been demanding and not all of the local population is equipped for this
work. The current staff and trainees have shown great potential to lead
hatchery and growout husbandry in the RMI beyond this project.

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.

Publications & Presentations
None to report

Do It Best Hardware
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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: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Maria Haws, Ph.D.
Status: Year 1 completed August 2016; Year 2 ongoing
Report on Activities from October 2015 to Sept. 2016

Research Purpose
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 aims
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.

Anticipated Benefits

Availability of new tetraploid lines will facilitate production of triploids at
hatcheries. This will benefit multiple farms in Hawaii and on the West Coast
since triploids are the only oysters which can be harvested year around.

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
on-going 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 yea.
• Objective 3: Conduct outreach to farmers, hatchery operations,
students and other stakeholders. Publish clear and complete

Project Progress
- Researchers have made good
progress in developing methods
to produce tetraploids oysters de
novo. Putative tetraploid spat will
continue to be grown out and will
be repeatedly tested to verify the
percentage of tetraploids, since
reversion to the diploid or mosaic
state commonly occurs.
- Dr. Guo trained the PACRC
and Hawaiian Shellfish LLC
employees and students in how
to produce tetraploid oysters
using cytochalasine B (CB) and
6 dimethylaminopurine (6DMAP). He has also advised on
developing flow cytometry
methods and how to interpret the
results.
- The PACRC and Hawaiian
Shellfish LLC personnel have
conducted nine experimental
spawns consisting of the eggs of
between four and twenty triploid
females for each event, and are
now progressing to producing
larger cohorts of putative
tetraploid larvae and spat. The
earliest tetraploids generated
may be sexually mature by late
2016 or early 2017.
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Additional Project
Participants

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.

Outputs & Outreach

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

Methods to develop de novo tetraploid oysters have been developed. The de
novo method involves fertilizing triploid eggs with diploid sperm, then
subjecting the early embryo to chemical treatment. If properly conducted, a
high percentage of the resulting larvae will be tetraploids, although some
diploid, triploid and aneuploidy larvae also result.
Thirteen individuals have been trained as part of this effort. The training
includes both hatchery production methods and flow cytometry.

Outcomes & Impacts
Forrest Peterson
PACRC/ University of Hawaii
at Hilo

To date there are no tangible impacts, as the tetraploid spat must be grown to
reproductive size in order to use them as broodstock.

Publications & Presentations
None to Report

Student
Participants

Gabriela Benitez and Daniel
Willkie
University of Hawaii at Hilo
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Development of New Technologies

Development of Practical Local Feeds to Support
Sustainable Aquaculture in Hawaii and Other
Pacific Islands
Funding Level: $195,609 (2 Years)
Lead Institution: Oceanic Institute of Hawaii Pacific University
Principle Investigator: Zhi Yong Ju, Ph.D.
Status: Year 2 Ongoing
Report on Activities from October 2015 to Sept. 2016

Research Purpose

There is currently no local feed production for aquaculture in Hawaii and
the Pacific regions. This project is aiming to classify available ingredients in
the region and determine which, if any, can be successfully used in a local
aquaculture feeds.

Anticipated Benefits

With the outcome of this project, local feed formulation can be established,
which is very important for local feed production. Utilization of local
ingredients or by-products will help local aquaculture become independent
of imported feeds/ingredients. Therefore, the project will benefit the local
aquaculture industry as well as ingredient producers. The project will also
be important for promoting secure and safe seafood for the Pacific regions.
In addition, the knowledge gained from this project will be useful for
research on tropical aquatic feed production.

Target Audiences

Aquaculture farmers, feed industry, agriculture producers, agriculture
administration agencies, scientists or researchers from institutes or
universities.

Objectives
• Objective 1: Create a database of local ingredients including levels of
nutrient and nutrient digestibility (for selective ingredients) evaluated
in tilapia (Year-1) and Pacific threadfin (Year-2).
• Objective 2: Develop scientifically sound feed formulations based on
local ingredients for tilapia (Year-1) and Pacific threadfin (Year-2).
• Objective 3: Develop a calibration library of nutrient information for
Near-infrared spectroscopy system (NIRS) as a fast and inexpensive
tool to measure nutritional parameters in local ingredients or feeds.
• Objective 4: Organize workshops to provide training and research
updates on local feeds production for farmers, producers or
researchers in Hawaii (Year-1) and Guam (Year-2).
• Objective 5: Technology Transfer: Publish results in Regional Notes by
CTSA, present findings at Aquaculture meetings and publish papers in
peer reviewed journals or aquaculture magazines.

Year 2 Progress
- A nutritional database has been
built in the OI FeedServer data
center. This database holds all
nutritional and digestibility results
for the analyzed local
ingredients. Analyzed local
ingredients include local fish
meals, defatted haematococcus,
spirulina, copra meal, cassava,
duck weed, azolla, salvinia, taro,
papaya, wheat bran, blacksoldier fly and dehydrated food
waste etc.
- During Year 2, a new growth
trial for diets with high inclusions
(>90%) of local ingredients was
conducted with Pacific white
shrimp. Six diets were
formulated and processed mainly
using local ingredients for growth
performance of white shrimp
based on previous growth trial
and digestibility test.
- A 12-wk indoor feeding trial
was completed for the six local
diets plus a commercial Rangen
feed on juvenile shrimp with
three repetitive tanks for each
diet. This test obtained excellent
shrimp growth rates. The
excellent shrimp growth
performance obtained from this
trial and all diets achieved over
or equal 1.0g/wk of growth.
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Additional Project
Participants

Dr. Fabio Soller
Oceanic Institute of Hawaii
Pacific University

Spencer Davis, Kathleen
Ramm, & Mireille Steck
Oceanic Institute of Hawaii
Pacific University

Outputs & Outreach

Under the auspices of this project, nutritional databases for local tropical
ingredients, local formulated diets and commercial feeds have been
established. In addition, local formulated feeds using over 90% of local
ingredients were tested and established for Tilapia (and will be finished for
white shrimp in the near future). A calibrated library for local major feed
ingredients and formulated feeds was established for the NIRS, and analyzed
nutritional composition of local ingredients, the formulated diets, and
commercial feeds will be provided to local farms and aquaculture companies
upon their requests.
To date, two local feed workshops have been organized. One took place at the
Oceanic Institute of Hawaii Pacific University, and the second took place in
August 2016 in the Republic of the Marshall Islands (RMI). Both workshops
were held in conjunction with other related CTSA projects.

Outcomes & Impacts
Dong-Fang Deng, Ph.D.
Oceanic Institute (formerly)

Gerry Cysewski
Cyanotech
Kona, Hawaii

The local feed formula including over 90% local ingredients showed similar or
better production effects than a formulation based on imported ingredients in
the tilapia trial and will soon be tested on white shrimp. The results suggest
great potential for using local ingredients in feed production. The information
included in the local ingredient database can be utilized by the feed industry,
as well as researchers in feed production research. The NIRS will benefit our
local industries by providing quick monitoring on feed/ingredient quality.
The overall results of this ongoing project are demonstrating the potential of
local feed production, although some challenges still exist, such as the limited
production of local ingredients and feed production facility at this stage. The
results of this project can also benefit national and international researchers
regarding feed formulation research.

Publications & Presentations
A poster “EVALUATION OF LOCALLY SOURCED FEED INGREDIENTS
FOR PACIFIC WHITE SHRIMP Litopenaeus vannamei” was presented in
AQUACULTURE 2016 conference in Las Vegas, Nevada, February 22 - 26,
2016.
A poster “NUTRIENT COMPOSITION OF LOCAL INGREDIENTS & THEIR
DIET ON GROWTH OF TILAPIA IN FRESHWATER & SALTWATER” was
presented by AQUACULTURE 2016 conference in Las Vegas, Nevada,
February 22 - 26, 2016
A manuscript “Effects of microalgae-added diets on growth performance and
meat composition of tilapia (Oreochromis mossambicus)” was submitted to
Aquaculture Research in September 2016.
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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 1 Ongoing
Report on Activities from November 2015 to Sept. 2016

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 aims 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.

Year 1 Progress

- Researchers first heat- and
freeze-dried 150 lb BSF larvae,
and finely ground the ingredient.
They then determined the
nutrient composition of the BSF
ingredient, and extracted lipid
from BSF ingredient for feed
application.

- A shelf life test of the BSF
ingredient has been conducted,
and results indicate that
o
refrigeration at ~5 C is the
preferred mode of storage.

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 feed 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 ingredient is of global interest in aquaculture.

Target Audiences

- The work group formulated
tilapia digestibility diets and
conducted a digestibility trial. In
addition, they processed shrimp
diets and conducted a
palatability test on shrimp.
Although the results are
preliminary, it appears that the
BSF feed resulted in higher
protein content in sampled
shrimp tails.

The target audiences are researchers, feed manufacturers and fish producers
in Hawaii.
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Objectives
Additional Project
Participants

Spencer Davis, Kathleen
Ramm, and Mireille Steck
Oceanic Institute of Hawaii
Pacific University

Robert Olivier
Prota Culture Company

 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

The nutritional profile of raw Black Soldier fly larvae, including fatty acid and
amino acid profiles, mineral, fiber, and proximate contents has been
determined. This data will be very helpful in evaluating Black Soldier Fly’s
potential as a feed supplement for local aquaculture feed production in
Hawaii. In addition, researchers 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.

Outcomes & Impacts

It is anticipated that the analyzed nutritional composition of BSF and the chitin
determination method developed during Year 1 of this project will be utilized
by feed companies, once results are published.

Publications & Presentations
None to report
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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
Principle Investigator: Samir Khanal, Ph.D.
Status: Year 1 Ongoing
Report on Activities from October 2015 to Sept. 2016

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. One such example is Papaya. An
estimated 35-50% of the papaya crop in the state is off-quality fruit that are
wasted which makes the fruit an excellent candidate for bioconversion into
aquatic feed. The overarching goal of this project is to develop a fungalbased protein substitute for imported aquatic feed by using locally available
agriculture by-products, such as damaged papaya and taro waste, and to
conduct feeding trials with the new formulations.

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.

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.

Year 1 Progress
- Researchers have been able to
grow fungus on both molasses
and damaged papaya+seed. By
the end of the first year, 2.0 kg of
fungal dry biomass is expected
to be produced. They are
currently optimizing the growth of
fungal biomass in 20-L fermentor
using both molasses and
damaged papaya+seed.

- HPLC analysis of the damaged
papaya revealed that the
“Waimanalo” papaya contained
around 52% glucose and 48%
fructose. Thus, damaged papaya
appears to be excellent sources
of carbon for the fungus R.
oligosporus growth.

- For the first time, researchers
have shown that dilute-acid
pretreatment (0.2%), which also
lowers the pH to 4.5 to 5, was
effective to hydrolyze sucrose to
monomeric sugars and were
easily utilized by the fungus.
They were also able to grow
Rhizopus on damaged papaya
and seeds. These are new
findings never reported before,
and a manuscript is in
preparation.
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Additional Project
Participants

Dr. Zhi Yong Ju
Oceanic Institute of Hawaii
Pacific University

 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

Student
Participants

Misheel Batsaikhan and
Balendu Giri
University of Hawaii

With successful overcoming of challenges, researchers have been able to grow
fungus on both molasses and damaged papaya+seed. Molasses is currently
being treated with sulfuric acid (0.2%), which hydrolyzes sucrose into its
monomeric sugars. Damaged papaya+ seed, which is rich in sucrose and
fructose, is also being studied as successful substrate. Optimization studies
were conducted using a series of 2.5-L shaker flasks to determine whether the
fungus can be grown on the papaya slurry and papaya slurry mixed with seed.
Initial analysis yielded successful growth of the fungus on the substrate.

Outcomes & Impacts

Data from this project has found that molasses, papaya slurry and papaya seed
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
Khanal, S.K. “Converting biofuel process residues/wastes into protein-rich
aquatic feed with simultaneous reclamation of treated effluent” Invited
speaker, 1 International Conference on Bioresource Technology, Oct 23-26,
2016" Sitges, Spain.
st
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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 Investigator: Dustin Moss
Status: Year 1 Ongoing
Report on Activities from December 2015 to Sept. 2016

Research Purpose

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. The current project is investigating an IMTA approach using sea
cucumbers to digest waste produced from shrimp production systems.

Anticipated Benefits

The potential benefits of this project to regional shrimp farmers are
improved nutrient use efficiency, reduced sludge treatment/disposal
(reducing environmental and cost concerns), and the creation of an
additional revenue stream (i.e. the sea cucumbers). Other potential benefits
include contributing to a knowledge base that would help to support a new
sea cucumber farming industry, providing an opportunity to apply culture
techniques to enhance natural sea cucumber stocks, and to provide basic
data that would support pursuit of other funding to further develop this
technology.

Year 1 Progress

- The project experienced
unforeseen delays due to new
sea cucumber regulations in
Hawaii. Sea cucumber
collections have now begun and
there are currently specimens in
OI’s designated quarantine area.

- Initial collection efforts have
focused on Holothuria atra and
Holothuria whitmaei, due to their
abundance in shallow, near
shore habitats and their
moderate-high market value.

2

- A high-density (250 shrimp/m )
RAS shrimp trial will be initiated
prior to the end of 2016.

Target Audiences

Existing shrimp farmers in USAPI and those in the region interested in
farming shrimp and/or sea cucumbers. In addition, results from this project
may be of interest to extension agents and regulatory officials involved in
aquaculture.
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Objectives
Additional Project
Participants

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

 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
None to report

Outcomes & Impacts
None to report

Publications & Presentations
None to report
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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: Year 1 Ongoing
Report on Activities from December 2015 to Sept. 2016

Year 1 Progress
Research Purpose

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, the current project changes 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.

Anticipated Benefits

The current project will have both direct and indirect benefits for the
aquaculture industry at large. The direct benefits are transfer of technology
to farm opihi from broodstock spawning to larval rearing and juvenile growouts. Other direct benefits include formulas for maturation diets and growout diets, which are essential for farming opihi. The indirect benefits include
presenting information that will be accessible to the public, which will serve
to educate those about the industry.

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).

- Wild opihi (Cellana
Sandwicensis) were collected on
Oahu and Hawaii Island to
establish broodstock. After an
acclimation period, the animals
were considered stable and
ready to be offered a formulated
diet. Based on feeding behaviors
observed, researchers surmise
the opihi prefer their natural,
biofilm diet compared to the
formulated diet.
- A new tank model has been
developed that allows for higher
density rearing of opihi and more
efficient feeding.
- Researchers have conducted
analyses for nutrient composition
to better understand the
relationship between opihi
maturation and nutrition.
Specifically, they have separated
out the muscle tissue from gonad
tissue to analyze them
separately for proximate values,
amino acid profiles and fatty acid
profiles.
- Researchers are now preparing
to begin feed and maturation
trials, and will attempt to spawn
the animals through the use of
GnRH injections.
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Other Project
Participants

Dr. Harry Ako
University of Hawaii

Student
Participants

 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.

Outputs & Outreach

Aside from closing the life cycle of opihi, basic husbandry and tank
engineering changes from previous research, the eventual outputs from this
project will also impact future designs for limpet aquaculture, which prefer to
inhabit substrate above the water level (both in natural environment and
laboratory environment).
The outreach to intended users will occur during the second year of the project,
when the work group will host a work-shop to disseminate research findings,
as well as to go through the protocols developed.

Outcomes & Impacts
Anthony Mau
Hawaii Pacific University

The new tank design, feed formulas and feed strategies will allow for higher
capacity farming. The target audience will be able to use fundamentals from
this research to adapt to a commercial scale farm, pending successful closure of
the lifecycle.

Publications & Presentations
“The development of ‘opihi aquaculture technology”. Poster Presented at the
University of Hawaii CTAHR Research Symposium. Honolulu, Hawaii. April
2016.
Mau, A & Jha, R 2016. Aquaculture of two commercially important mollusks
(Abalone and Limpet): existing knowledge and future prospects. Reviews in
Aquaculture. Submitted
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Information
Dissemination
Development
of New
Technologies

Aquaculture Information Service for the
Pacific Region
Funding Level: $46,270
Lead Institution: Oceanic Institute of Hawaii Pacific University
Principle Investigators: Cheng-Sheng Lee, Ph.D. & Meredith Brooks
Status: FY2013 Completed September 30, 2016; FY2014 Ongoing

Report on Activities from Oct. 2015 to Sept. 2016

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).

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.

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

- The Information Specialist
continued to film and produce
videos for CTSA’s ʺAquaculture
in the Pacific video series. To
date, CTSA videos on YouTube
and Vimeo have over 35,000
unique views (combined).

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)
projects in relation to our mission through the dissemination of our
own and other publications.

- 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

Outputs & Outreach

The primary purpose of the project is to conduct outreach to CTSA
stakeholders. The largest mechanisms of outreach are the monthly e-newsletter
and the website www.ctsa.org, which is regularly maintained by the
Information Specialist.
The video ”Managing FNO Outbreaks in Cultured Tilapia” was filmed,
produced and released during the reporting period. The video demonstrates
procedures for tilapia farmers to identify and mitigate outbreaks of francisella
noatunensis subsp. Orientalis, a disease that can be devastating to producers.
Two other videos were filmed during the reporting period and are currently in
production, to be released in early 2017.
Furthermore, 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.
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