EXTENSION SUPPORT TO FURTHER
INDUSTRY DEVELOPMENT

A Shrimp Disease Diagnostic
Laboratory for Hawaii
Funding Level: $50,000 (1 year)
Lead Institutions: University of Hawai’i CTAHR
Principal Investigators: Jenee Odani, Ph.D.
Status: Completed April 30, 2020

Purpose of Research
Hawaii’s shrimp producers export specific-pathogen-free (SPF)
broodstock valued at over $20 million each year. The receiving
countries require that the health-status of these shrimp be
documented by testing using methods approved by the World
Organization for Animal Health (OIE). Currently, there is only
one laboratory located on the mainland that can perform this
type of official testing, which is an inherent vulnerability of the
current system that could result in delayed testing and possible
disruption in services. The proposed remedy to this is
establishing a laboratory here in Hawaii that can perform the
necessary testing to meet the needs of shrimp broodstock
exporters. This laboratory will be capable of a quicker
turnaround time than the mainland laboratory due to shorter
shipping time and will be responsive to the individual needs of
the submitters. The purpose of this project was to create the
USDA-approved laboratory to conduct testing for the thirteen
current diseases (OIE-listed and other) that shrimp broodstock
producers are required to test for.
Target Audiences
Shrimp broodstock producers who utilize other USDA-approved
laboratories for export testing. Regulatory personnel (USDA or
HDOA) involved in testing or exportation of shrimp broodstock
or products.
Objectives
Objective 1: Hire and train a PCR technician within three months.
Objective 2: Develop and implement a Quality Management system for
the laboratory’s activities within six months.
Objective 3: Attain proficiency at performing PCR test for the seven
current OIE-listed shrimp pathogens required to meet export demands
within one year.
Objective 4: Provide fee-based services for HI shrimp broodstock
producers and achieve financial self-sufficiency.

Primary Accomplishments

The UH Aquaculture Disease Lab
(UHADL) has been established,
and has hired the appropriate
technical personnel, developed a
quality management system,
developed technical SOPs, and
demonstrated the ability to
perform molecular testing for the
OIE-listed shrimp pathogens
following OIE approved methods.
The laboratory is currently being
reviewed by the USDA for
approval to perform official export
testing. Training of HDOA and UH
personnel in diagnostic PCR
methods is ongoing.

As a result of this project, the
Hawaii shrimp broodstock
industry will enjoy increased
security and improved export
testing services by having a local
laboratory that can provide a
reliable and shorter testing
turnaround time.
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Additional Participants

Lei Yamasaki
Hawaii Department of Agriculture

Jinzeng Yang
University of Hawaii at Manoa

Karin Kurkjian
University of Hawaii at Manoa

Kathy Tang-Nelson

Opportunities and Challenges
Ahead
In the immediate future, the
research group will continue
progress toward achieving USDA
approval to perform export
testing for shrimp pathogens.
Once approved, the lab will focus
on expanding testing capabilities
to include emerging shrimp
diseases and diseases affecting
other aquacultured organisms
(fish/bivalves).
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Summary of Results
An experienced PCR technician was procured and has been trained
in UH lab protocols. A QMS System has been developed and
implemented. Over 120 SOPs have been written in all areas of
laboratory quality management, sample processing, sample testing,
reporting, and laboratory upkeep to ensure repeatable, accurate,
and timely results. The UHADL Director and Quality Manager
completed 34 internal audits during the project time period. A
complete list of manual documents is included in the final report in
the appendix of this AAR.
A ring test for the seven listed OIE diseases (WSSV, TSV, YHV,
IHHNV, IMNV, NHP, and AHPND) was completed and results showed
that the UHADL was able to successfully detect these pathogens in
all of the unknown samples. Samples were frequently tested in
duplicate at the current OIE laboratory and at the UH laboratory for
additional verification of UH procedures.
USDA approval to perform export services has been submitted to
Dr. Larry C. Rawson, Area Veterinarian in Charge (AVIC) for the
USDA and is under review. Although approval was not achieved
during this project’s period, a laboratory inspection was conducted
by USDA personnel (August 2020) and is to be followed by a
complete review of protocols and documentation. Once the
laboratory achieves USDA approval for testing, CTSA will make the
announcement that official testing will be offered. The laboratory
will perform side-by-side testing for local producers to assist with
validation of proficiency and to provide additional information for
producers.

Outcomes & Impacts
The greatest impact of this project is capacity building. This
laboratory is capable of performing testing for OIE-listed shrimp
diseases. The lab is undergoing the final steps of the USDA approval
process for export testing and official purposes.

Publications & Presentations
Poster: Odani, J., Yamasaki, L., Yang, J. and Kurkjian, K. (2020). Developing a Shrimp Disease Diagnostic Laboratory in Hawaii. World
Aquaculture Society Annual Meeting, Hawaii Convention Center,
Honolulu, HI.

EXTENSION SUPPORT TO FURTHER
INDUSTRY DEVELOPMENT

Aquaculture Workshop at Oceanic
Institute for Students of Waianae High
School’s Aquaculture Program
Funding Level: $28,800 (2 years)
Lead Institutions: Oceanic Institute of HPU
Principal Investigators: Gary Karr
Status: Completed August 31, 2020
Purpose of Research
The aquaculture industry faces, among other things, a critical
“shortage of educated, skilled workers.” In Canada alone, there
is an 11 percent vacancy rate in aquaculture jobs. This at a time
in which there is increased interest and investment in
aquaculture operations globally. When coupled with an aging
existing workforce, the lack of new workers further threatens
the United States’ ability to take advantage of the opportunities
the growth of the industry presents. This project focused on the
current and anticipated lack of educated and skilled manpower
needed by the aquaculture industry by helping to provide an
educated and trained workforce that can contribute to food
security in Hawaii.
Target Audiences
Student participants from Waianae High School, who are part of
an established marine science learning center that employs
aquaculture in its curriculum. These students have an interest in
aquaculture and are at the point where they are making postsecondary life choices concerning education and careers.
Objectives
Objective 1: Develop the curriculum and activities for a three-day
aquaculture workshop for at OI for WHS MSLC students providing up
to date information on the latest aquaculture techniques and tools as
well as introduce emerging technologies and college career
opportunities at local higher education schools and programs.
Additionally, provide students an opportunity to meet industry
professionals and learn about their careers and how they got to where
they are now.
Objective 2: Conduct three-day aquaculture workshop at OI for up to
45 WHS MSLC students and teachers.
Objective 3: Evaluate effectiveness of the three-day aquaculture
workshop at OI and publicize workshop.

Primary Accomplishments

The project developed and
conducted a successful three-day
aquaculture workshop for
Waianae High School Marine
Science Learning Center students
in 2019. After the workshop, the
project group developed
curriculum, activities schedule,
and began editing the workbook
for a three-day 2020 aquaculture
workshop. However, due to
COVID-19 restrictions imposed by
the Hawaii Department of
Education, the workshop was not
conducted.
Other accomplishments include a
one-day event of advance
presentations, and the
procurement of funding from
NOAA for a workshop in 2021.
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Additional Participants from
Oceanic Institute of HPU

Chatham Callan, Ph.D.
Spencer Davis
Elizabeth Groover
Erin Pereira
Elizabeth Furr
Corrie Wong
Tyler Moss
Dustin Moss, Ph.D.
Mark Renshaw
Renee Touse
Matt Iaachei

Opportunities and Challenges
Ahead
Based on the feedback from the
students and teachers, the
advance presentations made at
the school on DNA, environmental
DNA, and the aquaculture
business game will become part of
the workshop project schedule. In
addition, the high school teachers
will cover subjects in their classes
to free up time during the
workshop to allow more hands-on
activities.
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Summary of Results
During its first year, the project developed, conducted, and
evaluated a three-day aquaculture workshop for Waianae High
School Marine Science Learning Center students. Twenty-two
students and 5 teachers/chaperones attended the three-day
aquaculture workshop March 27-29, 2019, at the Oceanic Institute
of Hawai‘i Pacific University. The workshop featured activities
involving finfish, shrimp, live larval feed organisms, microalgae,
eDNA, an aquaculture business game, college mini-fair, and career
lunch mingle. These activities increased the participants’ knowledge
and skills in the various subjects presented. It also provided the
participants with ideas for furthering their education and possible
careers in the field of aquaculture or a related profession.
While much preparations were done for a second workshop in 2020,
the workshop was unfortunately canceled because of the state
imposed SARS-CoV-2/COVID-19 pandemic restrictions. A one-day
event was conducted in 2020, during which project personnel
visited the WHS MSLC students at their school to give presentations
and interact with the students. The advance presentations included
information about live larval feeds in finfish culture, DNA, eDNA,
and the aquaculture business game. Approximately 30 students
attended the one-day event. In addition, preparations were
completed for conducting the workshop including finalizing the
activities schedule, workbook revisions, and confirmation of the
subject matter experts as instructors. Further, local universities
were contacted for a college mini-fair and industry professionals
were contacted and confirmed for the lunch career mingle.

Outcomes & Impacts
The aquaculture workshop activities completed prior to COVID-19
shutdown gave the students valuable information about the field of
aquaculture and will provide the basis for the workshop to be
conducted in 2021 with funds secured from NOAA. Despite the
workshop being cancelled because of the COVID-19 pandemic,
participants gained knowledge about topics presented during the
one-day visit and learned about the presenters’ path to a career in
aquaculture, marine science, and education.
Publications & Presentations
See full report in Appendix

DEMONSTRATION AND ADAPTATION OF
KNOWN TECHNOLOGIES

Improving Rabbitfish Seed Production
Capacity in Palau
Funding Level: $92,268 (2 years)
Lead Institutions: Palau Community College
Principal Investigators: Miguel de los Santos and
Chatham Callan (Oceanic Institute of HPU)
Status: Completed June 30, 2020
Purpose of Research
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 aimed 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.
Target Audiences
Existing and potential aquaculture farmers, students, women’s
groups, traditional leaders, government officials and policy
makers who are interested in the farming of rabbitfish in Palau.
Objectives

Primary Accomplishments

To support the increasing farming
demand for rabbitfish juveniles in
Palau, a series of production runs
were conducted at the PCC Multispecies hatchery following the
improvement of larval rearing
methods. Approximately 20,000
rabbitfish juveniles were
produced through six batches of
larval rearing. These rabbitfish
juveniles were delivered to 5
major rabbitfish grow-out farms in
Palau.
A three-day training workshop
was also conducted in spite of the
occurrence of the COVID 19
pandemic. The training was done
virtually through Zoom and was
attended by over 20 participants
across the Micronesia region.

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.
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Opportunities and Challenges
Ahead
Studies to develop a practical,
locally produced feed and
improve grow-out management
are needed to improve the
feasibility and profitability of
farming this very popular species
in Palau.

Summary of Results
A series of larval rearing trials were conducted at the PCC hatchery,
and stocked with at least 200,000 larvae that were initially fed
rotifers starting the day after hatching until 12 DAH (days after
hatching). Artemia was added on 12 DAH at the density of 2 to 5
counts per mL until the larvae metamorphosed to fry that started at
32 DAH. On 25 DAH, a commercial feed powder (Otohime A) was
fed twice each day at the rate of 5gm per feeding. The culture
period inside the larval rearing tank was continued until the larvae
completely metamorphosed and reached the size of 1 to 2 cm in
total length. These rabbitfish juveniles were then transferred to the
outdoor nursery tanks until they reached the size suitable for
stocking inside the grow-out farms. As of June 2020, nearly 20,000
rabbitfish juveniles have been harvested and delivered to different
rabbitfish grow-out farms in Palau. Aside from providing free
rabbitfish juveniles to the fish farmers, PCC-CRE also regularly visits
and provides technical assistance to the farmers by giving advice on
proper husbandry, feeding management and monitoring of
environmental parameters on their farms.
Due to the occurrence of the COVID-19 pandemic, instead of having
the proposed regional hands-on rabbitfish hatchery training, CTSA
helped the project facilitate a 3-day virtual training on June 22 to 24,
2020. The training was conducted over Zoom and was attended by
over 20 participants. The free workshop consisted of live
presentations, video tours of facilities in Palau and Hawaii, and prerecorded training demonstrations highlighting all aspects of
rabbitfish production. The result of this workshop was a complete
resource package consisting of videos, PowerPoint Presentations
and pdf files that are available for download on the CTSA website.

Outcomes & Impacts
Improved larval rearing and nursery techniques for rabbitfish have
been demonstrated and transferred to interested participants
across the Micronesia region. New methods on feeding rabbitfish
broodstock, egg collection, egg handling and incubation, and larval
rearing were applied for the mass production of juveniles. Existing
rabbitfish farmers were supplied with healthy and locally produced
rabbitfish juveniles for stocking in their grow-out ponds and cages.
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Publications & Presentations
‘PCC Delivers Rabbitfish Fingerlings to Local Farm’ in Mesekius
News, Vol 22, Issue 14, April 03, 2020.

DEVELOPMENT OF
NEW TECHNOLOGIES

Opihi Aquaculture: Improving Hatchery
Technology and Production, Years 5 and 6
Funding Level: $50,000 (2 years)
Lead Institutions: University of Hawai’i MBBE
Principal Investigators: Jon-Paul Bingham, Ph.D.
Status: Completed July 31, 2020
Purpose of Research
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 began supporting research to close the life
cycle. The research group has engineered an aquaculture system
that maintains necessary intertidal stimulus (sea spray),
formulated feeds that support good, long-term growth, and the
development of captive maturation, spawning, and larval rearing
methodologies. These recent improvements have increased the
capacity to close the life cycle of ‘opihi—which remains a main
goal. This two-year project aimed to conduct trials to improve
hatchery technology and increase juvenile survival rate.
Target Audiences
Marine-based institutions that hope to have aquaculture of
native marine species (i.e. The Waikiki Aquarium), farmers (i.e.
Paepae O heeia, Kualoa Ranch), and research scientists working
on ‘opihi conservation.
Objectives
Objective 1: Design and fabricate a novel settlement system
Objective 2: Conduct settlement trials to determine key factors
involved in larval attachment, metamorphosis, and post-settlement
survival
Objective 3: Monitor growth rates of juvenile ‘opihi and develop growout protocol
Objective 4: Spawn F1 generation and evaluate egg quality
Objective 5: Write a business plan for ‘opihi aquaculture
Objective 6: Transfer technology to industries or stakeholders

Primary Accomplishments

The series of settlement trials
performed during this project
have provided valuable
information for future spawning
seasons. New methods and major
key factors were revealed that are
crucial in having a successful
spawning season.
Despite not being able to close
the life cycle in these two seasons,
researchers are excited to
continue researching ‘opihi and
finding the best possible methods
to help either bring ‘opihi into the
world of aquaculture production
or help with developing methods
for restoration of the wild
populations.
During this upcoming spawning
season, trials will be conducted
that will recreate the last trial to
confirm that the methods
performed do indeed work for the
settlement of ‘opihi.
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Student Participants

Anthony Mau
University of Hawaii at Manoa

Angelica Valdez
University of Hawaii at Manoa
MBBE

Bridget Murphy
University of Hawaii at Manoa
MBBE

Opportunities and Challenges
Ahead
Future studies for this work will
focus on optimizing settlement
output by increasing the number
of good larvae used for settlement
experiments. Angelica Valdez and
Bridget Murphy are continuing
their research with Angelica
looking further into settlement,
metamorphosis, and development
of ‘opihi and Bridget looking into
the natural reproductive
hormones with hopes of being
able to optimize spawning and
reproduction.

Summary of Results
The 2018-2019 spawning season produced extremely valuable
information that helped the research group move forward with
future trials. One of the major challenges encountered during that
season was being able to successfully rear the larvae beyond
metamorphosis and well into the post-larval stage. The researchers
made great improvements to water quality, including the
construction of a water filtration system, which allowed them to
steer away from antibiotics. The series of settlement trials that were
performed revealed several key factors that gave the push needed
to get survival past the critical die-off point of 15 days. At the end of
this season, methods were developed to rear a couple of larvae out
past the previous bottleneck and to Day 30 – where they were able
to be seen by the naked-eye grazing on Navicula sp. biofilm.
Building on the previous season, the 2019 -2020 season started with
a trial to rear larvae to the juvenile stage, with the new changes to
water quality and methods. The overall changes to water filtration
proved extremely helpful with eliminating major pests from the
seawater used in culture. Researchers had excellent results for the
first trial of the season and were able to rear larvae to the juvenile
stages in half the time as the previous season. Unfortunately, there
was what appeared to be a delay in maturation in the wild
population, resulting in trials with either egg or sperm release, or no
gametes released entirely. Based on histology samples, the female
population was delayed in maturation.
The research group has extended their work on reproductive
biology and culture methods by consulting to culture other limpet
species. They have discussed the potential for developing a hatchery
for ‘opihi with farmers along the windward coastline of Oahu, and
hosted training sessions on spawning and larval rearing. However,
due to the COVID-19 pandemic, in person training sessions were put
on hold. To accommodate this change, CTSA helped prepare an
opihi training video.
Outcomes & Impacts
Progress with respect to life-support systems, feeds, spawning,
larval rearing, settlement, and development has been made under
this project and the work of the Graduate Research Assistants.
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Publications & Presentations
See full report in Appendix

DEMONSTRATION AND ADAPTATION OF
KNOWN TECHNOLOGIES

Culture of a Local Marine Polychaete,
Marphysa sanguinea, for Use as a Shrimp
Maturation Feed, Years 3 and 4
Funding Level: $58,300 (2 years)
Lead Institutions: Oceanic Institute of HPU
Principal Investigators: Dustin Moss, Ph.D.
Status: Year 3 completed; Year 4 ongoing
Anticipated Benefits
Purpose of Research
Captive reproduction of penaeid shrimp requires conditioning
and maturation of broodstock to stimulate gonadal
development and induce mating, spawning, and ultimately the
hatching of eggs to produce viable larvae. Broodstock diet is
significant in the maturation process, especially in stimulating
ovarian development in females. Polychaetes from several
genera are a common component of maturation diets. It is
estimated (based on usage of polychaetes at OI extrapolated to
the entire industry) that >10,000 kg of frozen marine
polychaetes are imported into the Pacific region annually to
support shrimp maturation activities (cost >$400,000 per year).

Local production of polychaetes
will reduce or (hopefully)
eliminate the need to import
polychaetes by offering a superior
product (live/fresh versus frozen)
at a lower price (freight charges
can be >30% of imported worm
costs).

With funding from CTSA, Dr. Moss and research team members
at Oceanic Institute of Hawaii Pacific University (OI) collected
and evaluated several local marine worm species for their
aquaculture potential and use as a shrimp maturation feed. M.
sanguinea was selected for culture based on its large size (up to
25 cm), high palatability to P. vannamei broodstock, high
survival in culture, and its acceptable to excellent biochemical
composition (with regards to shrimp nutrition/maturation).
Basic culture techniques have been developed for M. sanguinea;
however, further development of culture techniques will
improve the prospects of commercial M. sanguinea farming in
Hawai’i. This project is aiming to further develop the techniques.
Target Audiences
Persons or entities involved in shrimp hatchery operation, those
interested in farming a valuable local species, and/or local
farmers looking to diversify their aquaculture crops.
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Additional Participants

Objectives

Bell Lin
Oceanic Institute of HPU

Objective 1: Commercial-scale growout of M. sanguinea.
Objective 2: Comparison of shrimp broodstock performance using
cultured M. sanguinea and frozen, imported worms.
Objective 3: Compare worm production (growth and survival) in
multiple commercially available sediments.
Objective 4: Comparison of “multi-cohort” and “single-cohort”
production systems.

Jenna Grantham
HPU Undergraduate Student

Dana Hamilton
HPU Undergraduate Student

Progress to Date
During Year 4 of the project, a worm harvesting system using a small
concrete mixer was developed. The mixer is used to slowly churn
the sediment while a seawater hose (~100 lpm) is used to flush the
worms that have been separated from the sediment into a
harvesting net.

Challenges Encountered and/or
Changes to Direction of Research

Results from a shrimp maturation trial comparing live polychaetes
with frozen worms were very good; mean eggs/spawn and total egg
production were much higher in the live tank (30% and 74%,
respectively) and mean nauplii/spawn and total nauplii production
were much higher in the live tank (87% and 151%, respectively).
These results show that commercial scale culture of M. sanguinea is
possible. However, work on optimizing sediment, understanding
reproduction output/trends, and further exploring harvesting
techniques are likely needed to fully commercialize the culture of
this species.

None to report

Outcomes & Impacts
This project has successfully demonstrated commercial scale culture
of M. sanguinea by achieving a worm biomass of 1.2 kg/m3 of
sediment using a commercially available pea gravel. Results have
also shown that live, locally cultured M. sanguinea are an excellent
maturation feed for female L. vannamei broodstock, as evidenced
by females fed M. sanguinea producing 151% more viable nauplii
than females fed imported, frozen worms (industry standard feed).
To date, this project has provided strong evidence that live, locally
cultured M. sanguinea are an excellent maturation feed for female
L. vannamei broodstock and that these worms can be cultured at a
commercial scale in a locally available sediment.
Publications & Presentations
None to report
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DEVELOPMENT OF
NEW TECHNOLOGIES

Developing Bivalve Farming
in Hawaii, Years 6-8
Funding Level: $100,000 (3 years)
Lead Institutions: University of Hawai’i PACRC
Principal Investigators: Maria Haws, Ph.D.
Status: Year 6 completed; Year 7 commencing Jan 2021

Anticipated Benefits
Purpose of Research
Oyster farms around the world increasingly depend on
genetically selected triploid seed, if it can be obtained. The
Pacific oyster, Crassostrea gigas, is the most commonly farmed
oyster and most national industries now rely on this species.
Genetic selection programs have made great strides in
producing faster growing oysters with other desirable traits.
Triploids are preferred due to faster growth rates but most
importantly, because they can be harvested during warm water
months when diploids are either spawning or are flaccid after
spawning. New Hawai`i farms will depend on triploids, and also
require larger seed since most do not have nurseries. These
needs have directed the PACRC collaborative research with
partners on improving hatchery and nursery methods, as well as
breeding and polyploid development efforts. This project is
continuing those efforts, and also investigating feeds for landbased oyster production systems.
Target Audiences
Hatchery workers, researchers, students and farmers.
Objectives
Objective 1: Take preliminary steps to develop methods to guide
efforts to produce improved lines of tetraploid and triploid Pacific
Oysters which are a mainstay of the Hawai`i and West Coast
industries.
Objective 2: Determine whether simple carbohydrate-based
microparticulate diets represent a viable means of reducing reliance on
large-scale microalgae production for land-based oyster fattening and
similar systems.
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.

Gaining a better understanding of
the physiology and reproduction
of polyploid oysters is important
as these constructs are a mainstay
of the oyster industry and are
expected to become more so as
the climate changes, since only
these oysters can be harvested in
warm months. The findings of this
work may also provide insights on
how to selectively breed oysters
to avoid or reduce summer
mortality.
Development of land-based
systems is important in Hawai`i as
it is difficult to obtain leases for
marine and coastal areas, as well
as permits for seawater intakes.
The main constraint with landbased systems is the cost and
difficulty of producing algae for
feed. Any degree of replacement
with a supplement will lower costs
and potentially speed up
fattening.
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Additional Participants

Forrest Petersen
Hawaiian Shellfish LLC

Chris Langdon
Oregon State University

Konstantin Divilov
Oregon State University

Daniel Wilkie
University of Hawai’i at Hilo
PACRC

Challenges Encountered and/or
Changes to Direction of Research
The genetic analysis to determine
whether certain genes are overor under-expressed during
gametogenesis in 3N oysters will
need to be restructured given that
one of the genes appears to be
mutated such that it cannot be
used in the qPRC test that was
developed.
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Progress to Date
Despite some initial setbacks and the overall difficulty of performing
this work, good progress has been made. Research was conducted
to elucidate the genetic basis of gametogenesis in triploid Pacific
Oysters (Crassostrea gigas) to determine whether the high levels of
fecundity observed in approximately 30% of triploid female oysters
may have a genetic basis. The hypotheses that there is a genetic
basis for gametogenesis and that this may be heritable was based
on previous research by a French group which showed differential
expression of at least two genes when fecund and non-fecund
triploid were compared. Initial results using American-sourced
triploid oysters found that one of the two genes identified by the
French research group (FoxL2) may contain mutations that
prevented it from being used in this work unless other primers are
developed. A second gene, Beta-catenin, was underexpressed in
one oyster sample, and therefore can potentially be used in the next
stage of this research.
Trials using alternative feed sources (rice starch and pea protein)
showed that use of rice starch led to a significantly higher condition
index (CI) than for a diet consisting of only microalgae. The use of
pea protein did not result in a significantly different CI. Neither rice
starch nor pea protein produced any detrimental results. Thus,
either of these can be used to spare the amount of microalgae
needed. Although this work was targeted at optimizing the use of a
land-based culture system, these feeds could potentially be used in
other hatchery or nursery system applications.
Outcomes & Impacts
Although the genetics component of this work has not been
completed, it has raised awareness of the need to attempt to use
less fecund 3N female oysters for production of polyploids, as
difficult as this may be. Improved lines of triploid oysters with
known pedigrees are now widely available. The rice starch and pea
protein feed experiments will be continued and the use of these
ingredients will be incorporated into routine feeding practices at the
PACRC. The training and outreach components of this work have
enabled multiple individuals and groups to begin some form of
shellfish culture.
Publications & Presentations
None to report

DEMONSTRATION AND ADAPTATION OF
KNOWN TECHNOLOGIES

Development of a Sustainable
Aquaculture and Fishery for the
Mangrove Crab (Scylla serrata Forskall),
Years 4 and 5
Funding Level: $133,200 (2 years)
Lead Institutions: Palau Community College
Principal Investigators: Miguel de los Santos and
Hui Gong Jiang (University of Guam)
Status: Year 4 completed; Year 5 commencing Jan 2021
Purpose of Research
The mangrove crab, also called mud crab, is a highly valued
seafood species and is widely distributed throughout the Pacific
region. However, it is becoming depleted due to years of
overharvesting to satisfy continually increasing demands from
tourism and population growth. Developing aquaculture
protocols for mangrove crab is considered a solution to enhance
the wild population and provide continuous supply to the local
market. Success in the hatchery production of crablets has been
demonstrated recently. The aim of this project is to improve the
hatchery and nursery culture technology for the mangrove crabs
by developing a nutritionally-balanced feeding protocol and
minimizing the cannibalistic behavior of the crablets in the
nursery systems. The goal is to improve hatchery and nursery
culture technology and to deliver a consistent production of
5,000 crablets per production unit (1.5 x 5m tank).

Anticipated Benefits

An improved hatchery and
nursery methods in the seed
production of mangrove crabs will
ensure sustainability in farming of
this highly valuable and
overharvested species in Palau.

Target Audiences
Current and potential aquaculture farmers in Palau.
Objectives
Objective 1: To improve the hatchery production by establishing a better
combination of algal diets that is used to nourish the rotifers and Artemia
during the larval rearing
Objective 2: To test the use of live feed enrichment products and feed
additives in preventing the occurrence of mortality due to molting death
syndrome (MDS) in the larval rearing and nursery tanks.
Objective 3: To minimize the mortality due to cannibalism during the nursery
rearing by evaluating other alternative types of shelters, stocking density,
feeding and products containing serotonin and other chemical cues.
Objective 4: To provide support to the development of mangrove crab farming
in Palau by obtaining comprehensive growth and survival data of mangrove
crab juveniles that are provide to the farmers.
Objective 5: Demonstrate and disseminate an improved and reliable hatchery
and nursery method for mangrove crabs to individuals who are interested in
mangrove crab farming in Palau and other US Affiliated Islands in the Pacific
Region.
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Challenges Encountered and/or
Changes to Direction of Research
To further support the results on
the survival rate of mangrove crab
larvae in the background algae
and artemia enrichment
experiments in terms of larval
quality, the fatty acid profile of
the larvae samples that were
collected during the experiments
need to be analyzed. These larvae
samples are currently stored in a
-80f freezer to prevent
degradation of lipid content. Data
collected from this analysis will be
useful to further understand the
variation in larval survival rate
among different treatments.

Progress to Date
A series of four (4) experimental runs was conducted to determine
the effect of different background algae on the survival rate of
mangrove crab larvae using 100L capacity PVC tanks. The different
kinds of algal diets used in these experiments include frozen microalgae paste products (Reed Mariculture) such as the
Nannochloropsis (Nanno 3600), Tetraselmis (Tetraselmis 3600),
Isochrysis (Isochrysis 1800), Thalassiosira (TW 1200), Spirulina
powder and laboratory cultured live algae Nannochloropsis and
Chaetocerus muelleri (CM). In these experiments, the number of
treatments that were tested were modified to six (6) algal
combinations. Results of these experiments revealed that at 15
DPH, the larvae fed with live and frozen algae mix plus the addition
of live diatom Chaetoceros muelleri have higher survival rate while
those reared without background algae were lower. Some of the
larvae in tanks fed with live algae and algae paste mix (Treatment B,
C, D, and E) have already started molting at the time of this report.
When the actual number of megalopa that molted were extracted
from the data, it showed that larvae reared with the frozen algae
mix have higher megalopa production than the rest of the
treatments. Through these experiments, researchers observed that
mangrove crab larvae can survive until megalopa stage even
without using background algae. However, survival rate was very
low. Survival rate of mangrove crab larvae and juveniles in the
hatchery and nursery tanks can be improved by using live or frozen
microalgae as background algae, feeding only newly hatched
artemia during the last zoea stage and stocking density lower than
500 crabs per m2, respectively.
Outcomes & Impacts
The best combination of microalgae to use as background algae in
the rearing of mangrove crab larvae has been identified, and the
effect of using HUFA and feed additive enriched artemia has been
understood. Use of either live or commercial frozen microalgae as
background algae in the larval rearing of mangrove crabs will be
recommended. Feeding the larvae with newly hatched artemia will
be applied in the mangrove crab hatchery operation. Mangrove
crab juveniles should not be stocked in the nursery tank at a density
of more than 500 crabs per m2.
Publications & Presentations
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Oral: Delos Santos, M.A. 2020. Establishing a Better Combination of Algal
Diets to Improve the Survival Rate of Megalopae in the Larval Rearing of
Mangrove Crab Scylla serrata (Forsskal, 1755). Aquaculture America 2020.
Honolulu, Hawaii, February 9-12, 2020.

DEVELOPMENT OF
NEW TECHNOLOGIES

Improving Cost-effectiveness of Producing
Local Aquatic Feed from Papaya Fruit
Wastes via Innovative Bioprocessing
Funding Level: $75,000 (2 years)
Lead Institutions: University of Hawai’i CTAHR
Principal Investigators: Wei Wen Su, Ph.D.
Status: Year 1 completed; Year 2 ongoing
Purpose of Research
Availability of affordable feed is a major challenge facing
regional aquaculture development. Solutions to this challenge
will likely come from using locally available ingredients. One of
the most costly ingredients in aquaculture feed is protein. This
research seeks to overcome technical bottlenecks that hamper
the cost-effective utilization of papaya culls --an abundant local
agricultural byproduct-- to produce nutritional single cell
proteins, which may be able to replace costly conventional
protein ingredients in aquaculture feed, such as fishmeal and
soymeal. The research outcomes will benefit regional
aquaculture by lowering feed costs and providing a sustainable
source of essential nutritional and beneficial feed supplements
while reducing agricultural wastes.
Target Audiences
Aquaculture industry stakeholders in the CTSA region, especially
Hawaii.
Objectives
Objective 1: Process papaya culls into nutrient substrates suited for
semi-SSF of Yarrowia yeast, using simple affordable mechanized
processing that is amenable to common commercial operations, and
adoptable by local growers and producers.
Objective 2: Optimize and scale up semi-SSF of Y. lipolytica using
waste papaya fruit pulp and seed oil as carbon sources.
Objective 3: Assess the feasibility of using yeast biomass as feed
ingredients in aquaculture feeds by way of its nutritional composition
analysis and growth/survival study in tilapia (Oreochromis niloticus).

Anticipated Benefits

Success of this project will be
highly beneficial to the Hawaii
aquaculture industry and increase
food security for the region.
Currently no local aquatic feed
production is available in Hawaii.
However, the state of Hawaii has
a considerable amount of carbonrich papaya cull waste. It is hence
highly desirable if such an
abundant renewable carbon
feedstock could be cost effectively
converted to protein-rich yeast
biomass as a source of proteins in
local aquatic feed, which is the
main goal of this project.
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Additional Participants

Armando Garcia-Ortega
University of Hawaii at Hilo

Zhenlin Han
Postdoctoral Researcher
University of Hawai’i at Manoa

Challenges Encountered and/or
Changes to Direction of Research
None to report

Progress to Date
Researchers have made several important discoveries and
improvements in the fermentation process during this report
period. Prior to this report period, they focused on developing
effective surface culture of Yarrowia lipolytica cells directly on a bed
of papaya puree placed in large commercially available aluminum
trays. No energy intensive mixing is needed during such a mode of
cultivation. Culture scale-up can be achieved by using multiple trays
to grow the yeast on papaya puree in a tray bioreactor with
humidity and temperature control, using a commercially available
and economical heater/proofer.
A main challenge in the surface culture is effective oxygenation of
the culture because the culture is stationary, and Yarrowia lipolytica
is an obligate aerobe. Researchers further improved the
oxygenation by developing a method to generate oxygen in situ in
the puree by using enzyme-catalyzed decomposition of hydrogen
peroxide. Importantly, as papaya fruit contains a high level of
catalase activity, the new oxygenation method exploits this
interesting property of papaya by using the un-autoclaved puree as
an inexpensive source of catalase. After fermentation, the yeast/
puree mixture can be efficiently dried in an off-the-shelf food
dehydrator to remove over 90% of the remaining moisture, and the
resulting dehydrated biomass is milled into powders which can be
stored at room temperature.
A tilapia feed trial will be conducted in co-PI García-Ortega’s lab
starting in January 2021. Thus far, the Su lab has already produced
about 1 kg dry yeast powders from the culled papaya juice, and is
producing more yeast biomass for evaluating more treatment
conditions during the feed trial.

Outcomes & Impacts
A major outcome is the development of a new and improved
fermentation technology by integrating submerged and surface
(solid state) cultures. This technology enables efficient microbial
conversion of papaya juice into single cell proteins while reducing
water use and water removal.

Publications & Presentations
None to report
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DEMONSTRATION AND ADAPTATION OF
KNOWN TECHNOLOGIES

Cultivation of Caulerpa, Codium, and
Asparagopsis: Trying to tame three
Hawaiian Macroalgae, Years 1-2
Funding Level: $151,800 (2 years)
Lead Institutions: University of Hawaii at Hilo
Principal Investigators: Karla McDermid
Status: Year 1 ongoing
Purpose of Research
Although Native Hawaiians are believed to have used over 60
species of macroalgae (limu), only three species (two are
introduced species) are routinely consumed in Hawaiʻi today.
Developing aquaculture methods for native macroalgae species
will provide opportunities for industry development, provide
nutritious food sources, and maintain unique traditions.
Additionally, many seaweeds can be used as ornamentals, fish
foods, nutraceuticals, and for cultural purposes. Most recently,
considerable attention has been paid to research demonstrating
the ability of Asparagopsis taxiformis (limu kohu) to reduce
methane production in ruminants, thus potentially eliminating a
significant amount of a major greenhouse gas.
Drs. Maria Haws (Pacific Aquaculture and Coastal Resources
Center) and Karla McDermid (Marine Science Dept., UH Hilo)
have been contacted by investors and research groups, who
wish to collaborate and/or want to procure large quantities of
this species from Hawaiʻi for their research. The research group
(and CTSA committee members’) perspectives are that this
research is best done in Hawaiʻi, to benefit Hawaiian
stakeholders, in a way that protects this dwindling resource and
respects cultural practices. They are therefore building on
previous work to develop reliable culture methods for limu kohu
and two other important native species, and do so in a manner
to protect Hawaiʻi’s interests.

Anticipated Benefits

Making progress towards largescale culture of Asparagopsis
taxiformis, and developing new
methods for Caulerpa and Codium
species will add high value species
to the options available to
aquaculture farmers in Hawai’i
and assure that Hawai’i
stakeholders are not excluded
from potential benefits from
development of Asparagopsis for
mitigation of greenhouse gases or
other uses.
Cultivation of native Hawaiian
seaweeds is critical to ecosystem
restoration efforts in Hawai’i.

Target Audiences
Aquaculture farmers in the state, cultural practitioners, habitat
restoration volunteers, and fish pond managers can benefit from
the methods tested and verified by this work.
31

Additional Participants
Maria Haws, Ph.D.
PACRC
Rose Criscione
UH Hilo

Daniel Wilkie
UH Hilo
Hope Helg
PACRC
Wally Ito
Limu Hui - KUA
Fred Mencher
Industry Liaison

Challenges Encountered and/or
Changes to Direction of Research
The research group experienced a
delay in sample collection due to
COVID-19 and travel restrictions.
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Objectives
Objective 1: Focus on scaling up production of the tetrasporophyte
phase of Asparagospsis taxiformis (limu kohu).
Objective 2: Identify environmental or cultural inducers of
tetrasporophyte production based on results from previous work.
Objective 3. Determine the optimal conditions for culture of Caulerpa
lentillifera and Codium edule. The focus will be on testing substrata for
C. edule for large scale production and optimizing “gentle” tumble
culture for Caulerpa.
Objective 4. Outreach in the form of two publications detailing the
research results and dissemination of the results through connections
with the Limu Hui.

Progress to Date
The Limu Hale growing facility/area has been completed, and a
second covered growing structure, the Hale 2, has been completed
and houses three 150 -gallon tanks, filtered water system,
plumbing, airlines, and table space. Gametophytes of Asparagopsis
have been collected and are currently in culture in the Hale 2. Reattachment and water flow experiments have been completed.
Some thalli are developing cystocarps which should release
carpospores that grow into tetrasporophytes. Caulerpa and Codium
have been collected and are currently in culture in the Limu Hale.
Light level, water flow, and nutrient experiments on Caulerpa are
complete. CO2 enrichment experiment on Caulerpa are underway.
More Codium edule needs to be collected prior to commencement
of experiments. Collection is planned for the cooler water months in
the Fall and Winter. Caulerpa scale-up and growth rate monitoring
was started in July in two 150-gallon tanks.
Outcomes & Impacts
To-date the project has caused changes in knowledge and action
outcomes. Caulerpa lentillifera showed higher growth rates with
low to no water motion, low light, high nutrient levels, CO2 input,
and mesh substratum. Asparagopsis taxiformis has high survival
rates with short ocean-to-tank times, enhanced nutrient levels, low
light, uni-directional water flow, no tumble culture, and attachment
to substratum with polyp glue. Three students and PACRC personnel
were trained. Some of the knowledge gained during this first year
helped receive a small Hawaii County grant for an open water limu
farm in Hilo Bay.
Publications & Presentations
None to report

EXTENSION SUPPORT TO FURTHER
INDUSTRY DEVELOPMENT

Diagnosing Prevalent Diseases of
Aquacultured Animals in Hawaii
Funding Level: $74,439 (1 year)
Lead Institutions: University of Hawai’i CTAHR
Principal Investigators: Jenee Odani, Ph.D.
Status: Ongoing

Purpose of Research
Over the last several years, CTSA has supported the
establishment and development of the University of Hawaii
Aquaculture Disease Lab (UHADL) to increase the diagnostic
services available to local aquaculture producers. The
aquaculture industry in Hawaii continues to expand and
diversify. The ability to export live fish (ornamental and foodproducing) outside of the state has become a sensible and
lucrative venture. Disease testing is often performed to meet
the entry requirements of the destination. Unfortunately,
testing may require animal sacrifice. This is an issue for
producers with valuable fish such as broodstock or rare
ornamentals. This project is working to identify the diseases of
concern to the fish-producing industry and then compare lethal
to non-lethal methods of testing. The Hawaii Department of
Agriculture regulates the import of live animals into the state.
Seafood fresh on ice or frozen is entering Hawaii without being
tested for diseases. The project is screening certain species of
imported and domestic commodity fish for specific pathogens.
This information will give the aquaculture industry an idea of
what diseases are already present, what may be introduced, and
what they need to do to protect their investment.
Target Audiences
Tilapia and Koi producers. In addition, other producers and regulatory personnel (USDA or HDOA) interested in local diagnostic
services for aquaculture production.
Objectives
Objective 1: Determine what diseases are of concern to fish and
shellfish producers, state and federal government and importing
countries.
Objective 2: Set up PCR tests for the specific pathogens at UH Manoa.
Compare the test results of lethal and non-lethal methods.
Objective 3: Conduct surveillance of imported fish and oysters for
pathogen presence.

Anticipated Benefits

This project will benefit the
aquaculture industry by
expanding the knowledge of fish
diseases of concern to Hawaii’s
aquaculture industry. Collection
and testing of samples for the
selected diseases (Tilapia lake
virus, Francisella noatunensis
subspecies orientalis, Koi
herpesvirus, Ostreid herpesvirus 1,
Spring Viremia of Carp, and
Streptococcus iniae) will provide
information on the current
disease status of sampled Hawaii
producers as well as the risk
posed by imported seafood.
Comparing data obtained from
lethal and non-lethal type samples
will help inform decisions on
whether valuable animals must be
sacrificed for testing for certain
pathogens. Validation of assays at
the UHADL will help Hawaii
aquaculture producers by
providing a local resource in the
event testing is required.
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Additional Participants

Lei Yamasaki
Hawaii Department of Agriculture

RuthEllen Klinger-Bowen
University of Hawaii at Manoa

Karin Kurkjian
University of Hawaii at Manoa

Progress to Date
Real-time PCR assays for TiLV, Fno, KHV, SVC, and OsHV were
developed. A conventional PCR assay for Strep. iniae was also
developed. The selection of pathogens to focus on was based on
responses from Hawaii aquaculture producers, current disease
reports locally & worldwide, and knowledge of risk factor to
Hawaii’s aquacultured animals. Tissues were selected for testing
based on reported likelihood of a tissue to be a good indicator for
the pathogen and to obtain a mix of lethal vs. non-lethal samples. As
of 9/30/2020, 923 samples were collected from farms and markets
(248 market/678 farm) and submitted to the UHADL. These samples
included: 258 oyster samples, 408 tilapia samples, and 260 cyprinid
samples. 160 samples were tested for TiLV, 160 were tested for Fno,
80 were tested for KHV, 80 were tested for SVC, 70 were tested for
OsHV, and 160 were tested for Strep. iniae.
As of 9/30/2020, 248 samples from market animals (60 oysters, 88
tilapia, and 100 cyprinids) were collected. The tissue types collected
were the same as above. 30 oyster samples have been tested.

Kathy Tang-Nelson
Remaining PCR assays will be completed and analyzed by the end of
the year.

Challenges Encountered and/or
Changes to Direction of Research

The research group experienced a
delay with collecting samples due
to COVID-19, but was able to
complete sampling in the fall of
2020.

Outcomes & Impacts
With the results of the survey, researchers were able to determine
what aquatic animal diseases the aquaculture industry is concerned
about. This informed their decision to validate PCR tests for TiLV,
Fno, KHV, SVC, OsHV, and Strep. iniae. The laboratory is able to
provide testing services for these diseases to the industry. The
comparison of test results of lethal and non-lethal methods of
collection will help determine if non-lethal methods can be used for
testing valuable animals. Disease surveillance information on
domestic and marketed fish will give the industry an idea of what
diseases are present in Hawaii and what may be introduced by
imported seafood.

Publications & Presentations
None to report
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DEMONSTRATION AND ADAPTATION OF
KNOWN TECHNOLOGIES

Establishing cost-effectiveness and efficiency of locally produced feeds and Moi
farming technology in the Republic of
Marshall Islands [Years 4-5]
Funding Level: $145,000 (2 years)
Lead Institutions: Rongelap Atoll Local Government
Principal Investigators: Mayor James Matayoshi and
Ryan Murashige
Status: Year 4 ongoing
Purpose of Research
A 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 (RMI). 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 2-year project is aiming to
refine local Moi feed and farming technologies in order to
transition into commercial production and transfer aquaculture
technology. Market research indicates that Moi has a great
commercial potential. Plus, it is highly prized for excellent flesh
quality, fast growth, and adaptability to conditions of captive
culture. As with all RMI projects, training is an essential part of
this project.

Anticipated Benefits

This project will produce protocols
for the growout of Moi in the
Marshall Islands. In order to
establish protocols, this project
will help determine which feeds
and density of fish stocked in the
cages will achieve optimum
growth and survival of Moi in the
region.

Target Audiences
Majuro Local Government, general public, Marshall Island
Marine Resource Authority, College of the Marshall Islands, high
schools, local vendors, other local governments, general public
and other institutions in the region.
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Challenges Encountered and/or
Changes to Direction of Research
It took a year to obtain viable eggs
from broodstock, which set the
project timeline back. The work is
proceeding under a no-cost
extension.

Objectives
Objective 1: Feed Development: To conduct feeding trials (control and
dry) in order to establish the most optimal and cost-efficient feeds for
Moi.
Objective 2: Outreach/Technology Transfer: To train the local
workforce on feeds and fish production.

Progress to Date
The research group initially experienced production issues with the
broodstock regarding production of viable fertilized eggs to stock
hatchery. The broodfish began to give fertilized eggs in March 2020,
but the eggs died during early development. This was an indication
of immature females.
In September the group finally obtained viable eggs to stock the
hatchery. As of the first of November 2020, the fry were 34 days
post hatch and will be ready to stock for feeding trials before the
end of the year.
Training for a cage manager and cage technician has started. The
two trainees are learning hands on operations of boats, boat engine
maintenance, cage anchoring systems, cage net maintenance, rope
tying and gaining experience with scuba.

Outcomes & Impacts
The project has recently been able to obtain good quality eggs, and
is now preparing to stock fish cages. Training of local staff continues,
and the next round of intensive training will occur halfway through
the cage trial as the project prepares to stock the second cage.

Publications & Presentations
None to report
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DEVELOPMENT OF
NEW TECHNOLOGIES

Improving the Commercial
Aquaculture Feasibility for Yellow Tang
(Zebrasoma flavescens): Resolving Early
Bottlenecks to Improve Culture Yield
Funding Level: $300,000 (3 years)
Lead Institutions: Oceanic Institute of HPU
Principal Investigators: Chatham Callan, Ph.D.
Status: Year 2 ongoing
Purpose of Research
Yellow Tang is the most heavily collected reef species from
Hawaii with nearly 300,000 fish being removed from reefs
annually for the aquarium trade. In 2015, Oceanic Institute of
Hawaii Pacific University (OI) was successful in overcoming the
tremendous challenges culturing this important species. For the
first time, the culture of Yellow Tang was shown to be
technically possible, and this achievement provided the pathway
for many other reef species to be cultured using similar
methods. However, despite these exciting successes,
commercial adoption of production methods remains low due to
the limited efficiency of current production methods. Several
key constraints must be overcome before the wide-scale
adoption of culture methods can be realized. This project seeks
to address these challenges by building upon prior successes
and recent collaborations with other partner institutions to
significantly improve the yield of Yellow Tang production.

Anticipated Benefits

This 3-year project aims to
improve the commercial feasibility
for producing high-value species
such as Yellow Tang. Specifically,
this project is addressing key
bottlenecks affecting larval
survival. Overcoming these
bottlenecks will improve the
culture efficiency and reduce the
total cost of production. This will
in-turn, increase the likelihood of
industry adoption of this
technology and enhance the
aquaculture industry in the
region.

Target Audiences
Marine aquarium industry representatives including hobbyists,
livestock collectors and dealers and aquaculturists producing
other/similar aquarium species.
Objectives (Year 2)
Objective 6: Determine the optimal prey density (of most suitable prey)
required for improving feed incidence and to increase survival to day 7
post hatch
Objective 7: Evaluate the early inclusion (Day 7 post hatch) of rotifers
into the diet regimen for Yellow Tang larvae and compare the effects
of several commercial enrichment products on Yellow Tang larval
survival to day 14 post hatch.
Objective 8: Develop and test larval rearing regimens based on results
from prior objectives
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Additional Participants

Spencer Davis
Oceanic Institute of HPU

Challenges Encountered and/or
Changes to Direction of Research
Yellow Tang egg production and,
in particular, egg quality had been
limiting the ability to carry out the
replicated trials originally planned
under this project. For nearly all of
2019 and into the first half of
2020, viable egg production from
stocks remained limited, with only
occasional days yielding greater
than 40,000 viable eggs per day.

Progress to Date
Yellow Tang egg production and, in particular, egg quality had been
limiting the researchers ability to carry out the replicated trials
originally planned under this project. in June and July of 2020, they
began to see significant improvement in both quantity and quality
of eggs being produced. In August of 2020, they began testing the
200L systems developed under Year One for investigation of prey
density and rotifer enrichment. However, they could not achieve
their historically recorded level of survival (~25%) in 200L tanks after
multiple attempts. Clearly, the variability and low survival through
the first seven days in these 200L tank systems will need to be
mitigated before meaningful treatment effects can be realized.
Researchers may need to perform early larval trials in larger tanks if
they cannot achieve reasonable survival to day 7 in smaller-scale
tanks. There seems to be some effect of the smaller scale systems
that reduces overall survival. This has been documented in other
species, and is something worthy of investigation as completing
replicated trials in larger systems requires additional resources and,
time, increasing their costs.

Outcomes & Impacts
To date, limited results have been obtained under the originally
planned project objectives. This is due to lower than expected
survival in small-scale test systems. However, overall success in the
demonstrated, repeated successful production of juveniles is
maintaining commercial enthusiasm for this technology. The
commercial scale culture of Yellow Tang is still facing challenges in
poor over-all survival, but the potential remains high that this can
still become a high-value, niche, cultured species in the region.

Publications & Presentations
Oral: Groover, E. (2020) “Plan for addressing early bottlenecks in
Zebrasoma flavescens larval survival”. World Aquaculture Society,
Aquaculture America Conference, Feb 10-12 2020.
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DEMONSTRATION AND ADAPTATION OF
KNOWN TECHNOLOGIES

Optimizing coral grouper (Plectropomus
leopardus) culture to promote rapid
commercialization in the U.S.-Affiliated
Pacific Islands, Year 1
Funding Level: $151,800 (2 years)
Lead Institutions: Oceanic Institute of HPU
Principal Investigators: Chatham Callan, Ph.D.
Status: Year 1 ongoing
Purpose of Research
Leopard Coral Grouper, Plectropomus leopardus (Lacepede,
1802), also commonly known as the Coral Grouper or Coral
Trout, are a member of the family Serrandiae. Their bright red
external coloration and white meat have made them a high
value species in the live reef food fish (LRFF) trade of South East
Asia and in particular in Hong Kong, China, which accounts for
more than 50% of the trade. The majority of the fish found in
the LRFF trade are wild caught as either adults ready for market
or as juveniles to be grown to market-size in cages or ponds.
Only a small percentage, less than 10%, are reared from egg to
adult using aquaculture techniques. Although attempts at
culturing grouper began over four decades ago, mostly in Asia,
progress has been slowed by very low survival (<1%) during the
early larval stages and during juvenile grow-out. Therefore, a
significant need remains for development of intensive hatchery
technologies to meet the ever-increasing demand for product.
The purpose of this project is to build upon prior CTSA-funded
success with this species to further refine the hatchery
technology, fingerling production and effective grow-out
methods for coral trout/leopard coral grouper. Specifically, this
project is continuing to improve hatchery production methods
(currently achieving over 10% survival through day 60, which is
an order of magnitude greater than prior published accounts)
and seek to improve juvenile weaning and further reduce
cannibalism.

Anticipated Benefits

Results from the prior CTSA
project on Coral Grouper
significantly improved hatchery
production of fingerlings. The
current project will build upon
that success and provide better
understanding of grow-out
requirements and
commercialization potential for
this species.
This project will provide the
necessary data to inform
stakeholders of the time to
market-size for this commercially
important species.

Target Audiences
Aquaculture producers and stakeholders in the Western Pacific
Region. In particular, the College of Micronesia Land Grant Program in FSM and the College of the Marshall Islands Land Grant
Program plan to grow these fish.
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Challenges Encountered and/or
Changes to Direction of Research
None to report

Objectives
Objective 1: Maintain and expand broodstock populations of coral
grouper and monitor egg production at OI.
Objective 2: Evaluate the grow-out of coral grouper fingerlings on
shore.
Objective 3: Refine hatchery technology to further improve survival
and efficiency of coral grouper fingerling production.

Progress to Date
The project group stopped achieving viable spawns with the existing
grouper broodstock earlier in the year and decided to introduce wild
males. Shortly after the introduction of wild males to the existing
broodstock in July 2020, they began to observe spawning in their
indoor tank. This population spawns nearly every day, producing up
to 250,000 eggs per spawn. Egg viability is still fairly low, and
typically ranges from 25-50% of the eggs produced. It is anticipated,
however, that this will improve with time. Several of the best
spawns were stocked in the hatchery to carry out Objectives #2 &
#3. The other (2) broodstock groups have not yet begun spawning.
Once spawning began, six separate larval runs were initiated using
30,000 to 50,000 viable eggs per run. Initial runs resulted in poor
larval survival, mostly due to low egg quality. Runs #CG3 and #CG4
had high survival through the first 30 days, but were unfortunately
compromised due to a pump failure, which led to gas supersaturation of our water, resulting in large mortality. Later runs
resulted in 15-20% survival (to complete settlement, at 60 dph),
which is a new record for this lab, and for this species. The juveniles
that resulted from run #CG5 were divided into (4) 4,000L tanks
(1,200 fish per tank). Two of these tanks will be reared utilizing
commercial feeds and the other two tanks will be weaned onto a
conventional “wet-fish” diet regimen).
Outcomes & Impacts
Changes in larval rearing protocol resulted in significantly greater
survival through the hatchery period. These changes in knowledge,
and the grow-out testing to follow, will better inform stakeholders
of the commercial feasibility for producing this species in the region.
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Publications & Presentations
Callan, C. (2020)“Increasing survival and growth in larval leopard
coral grouper (Plectropomus leopardus) using intensively cultured
copepod nauplii”. World Aquaculture Society, Aquaculture America
Conference, Feb 10-12 2020.

DEVELOPMENT OF
NEW TECHNOLOGIES

What’s in the gut? A Metabarcoding
Approach to Examining Diet in First
Feeding Larvae
Funding Level: $67,519 (1 year)
Lead Institutions: Hawaii Institute of Marine Biology
Principal Investigators: Brian Bowen, Ph.D.
Status: Ongoing
Purpose of Research
A primary impediment to successful marine fish aquaculture is
larval rearing and survival. Of the reported 358 marine fish
species that have been bred in captivity, only 38 are successful
enough to be routinely available in the aquarium trade. The
central problem is high mortality in the larval stages, due to
disease and starvation. Disease can be controlled with sanitation
and other remedial measures, while starvation remains
intractable due largely to inappropriate feeds. Fish larvae were
traditionally viewed as opportunistic plankton feeders, but there
is growing recognition that they can be highly selective about
their prey, and this specificity plays an important role in survival.
For most target species in marine aquaculture, nobody knows
what the larvae eat. Understanding prey preference in larval
fishes is key to resolving a primary obstacle to successful culture,
for both new species development and improving survivorship
of captive bred species.
The purpose of this project is to use advanced genetic
technology available at Hawaii Institute of Marine Biology
(HIMB) to identify the prey items (stomach contents) in firstfeeding wild-caught larvae of desirable aquaculture species. This
will provide the foundations for a revolutionary development
that will benefit the aquaculture industry and will produce a
primary element to improving the survival of larvae in captivity,
a key breakthrough in promoting profitable aquaculture of
marine fishes.

Anticipated Benefits

Successful application of
molecular stomach content
analysis surveys will help bolster
existing aquaculture efforts with a
rapid and cost effective tool that
offers remarkable potential to
identify diet in first-feeding fish
larvae with accuracy far
surpassing conventional means.
Data derived from this study will
greatly enhance the baseline
knowledge of larval feeding
requirements. Further, this
technology development will
enable industry to rapidly
examine diets in multiple species
of interest, allowing growers to
identify nutritional requirements
in lucrative species that have been
difficult to grow out in captivity.

Target Audiences
Other scientists, industry partners, and nutritionist that have an
interest in diet or determining diet in first-feeding larval fish.
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Additional Participants

Objectives

Cassie Lyons
HIMB Graduate Student

Objective 1: Obtain first-feeding fish larvae of target species from the
wild for robust diet analyses.
Objective 2: Produce and identify DNA barcodes from stomach
contents of marine fish larvae, using high-throughput DNA sequencing
technology for species that are targets of the aquaculture industry.
Objective 3: Establish a database of DNA barcodes of potential prey
items.

Emily Conklin
HIMB Graduate Student

Challenges Encountered and/or
Changes to Direction of Research
The research group experienced a
delay in sample collection due to
COVID-19 and travel restrictions.

Progress to Date
Sorting of larval fish archives from NOAA has been completed,
including 22,000 individuals representing roughly 60 families that
have been sorted in order to locate fish larvae of target species. In
addition, bi-monthly plankton tows have been completed in
Kaneohe Bay. These plankton tows are currently being sorted
through to locate first-feeding target species.
Travel to the TrEnD (Trace and Environmental DNA) lab, located at
Curtin University in Perth, Australia took place in the mid-2019. The
purpose of the trip was training in metabarcoding techniques for
graduate student Cassie Lyons, and method development for
molecular stomach content analysis of larval fish. Larval fish of
multiple species, developmental stages, and collection location
were chosen for proof of concept and method development.
Through this training researchers were able to identify larval fish to
lowest taxonomic unit possible, in most cases down to species, as
well as determine primers to use to achieve prey identification
without the use of blocking primers. They identified potential areas
where contamination could occur and possible solutions for how to
avoid it. Finally processed data returned from the sequencer are
being processed through a bioinformatic pipelines and compared to
public barcode databases to identify prey to the lowest taxon rank
(species where possible).
Outcomes & Impacts
The ultimate goal is to resolve diet in first-feeding larval fish to turn
a marginal sector of commercial aquaculture into a dominant force,
with environmentally friendly, sustainable facilities that can
produce ornamentals for the aquarium trade, and produce food fish
that can relieve pressure on wild stocks.
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Publications & Presentations
None to report

INFORMATION DISSEMINATION

Aquaculture Information Services
for the Pacific Region
Funding Level: $60,348 (1 year)
Lead Institutions: CTSA
Principal Investigators: Cheng-Sheng Lee and Meredith Brooks
Status: FY18 ongoing

Purpose of Research
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).
Target Audiences
Farmers, researchers, students, and other
stakeholders in the CTSA region and beyond.

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).

aquaculture

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.
Objective 3: Conduct literature search services for the regional
aquaculture community.
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Additional Participants
Maggie Ma
CTSA

Challenges Encountered and/or
Changes to Direction of Research
None to report

Progress to Date
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 ʺAquaculture in the Pacific video series. To date, CTSA videos
on YouTube and Vimeo have over 60,000 unique views (combined).
In 2020, the project helped the Opihi project produce a video
describing opihi spawning and larval rearing protocols. In addition,
the project assisted with the production of the Rabbitfish Hatchery
and Grow Out virtual workshop under the Palau rabbitfish project,
which took place in June.
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. In addition, a new CTSA
website is being developed under the direction of this project, and
will be launched in early 2021.
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 & Presentations
Twelve issues of Regional e-Notes were produced and released
during the reporting period.
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The Information Specialist assisted in the preparation of an
Aquaculture Drugs Factsheet under the auspices of the disease
surveillance project.

