
Cost-effective, local aquatic feeds for 
carnivorous and omnivorous fish with 
varying physical characteristics  

Funding Level: $99,880 (1 year) 
Lead Institutions: Oceanic Institute of HPU 
Principal Investigators: Zhi Yong Ju, Ph.D. 
Status: Completed April 30, 2019 

Purpose of Research 
Feed cost in aquaculture, when combined with increasing costs 
of fishmeal and fish oil, presents a formidable challenge for 
feed mill operators and fish farmers; there is strong incentive to 
identify alternative ingredients to reduce feed 
cost.  Understanding the effectiveness of alternative feed 
ingredients and feed pellet physical characteristics on a 
commercial scale is essential for the economic viability and 
sustainability of the local, regional, and global aquaculture 
industry. For over a decade, Oceanic Institute of Hawaii Pacific 
University (OI) and University of Hawaii (UH) researchers have 
identified and analyzed potential feed ingredients from the 
Pacific region. With previous CTSA funding, important advances 
in the development of feed for moi and tilapia have been made, 
but no studies have been conducted on the variation of 
extruded pellets physical characteristics (i.e. sinking or floating 
pellets) of diets formulated with local ingredients and their 
impact on fish production. Thus, this project aimed to develop 
cost-effective feed formulations using locally sourced 
ingredients with varying physical characteristics (i.e. sinking or 
floating pellets), and evaluate those feeds in a carnivorous fish 
(‘moi’ - Polydactylus sexfilis) and an omnivorous fish (‘Nile 
tilapia’ - Oreochromis niloticus). 

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

DEVELOPMENT OF  
NEW TECHNOLOGIES 

Primary Accomplishments 
 
This project collected local 
commercial feed ingredients (such as 
tuna fish meal, defatted 
haematococcus, spirulina, corn meal 
and Macedonia nut meal) and many 
low priced commercial feed 
ingredients for analysis. Their 
nutritional composition was 
determined, including proximate 
contents (dry matter, crude protein, 
crude lipid, and ash), gross energy, 
amino acid profiles, fatty acid 
profiles, and mineral contents. 
 
Two moi and two tilapia diets were 
formulated mainly using these local 
ingredients according using low-cost 
formulation software. The diets were 
produced in the new feed mill in Hilo. 
The moi feeding test results showed 
that the moi diets had poor growth 
performance in comparison to the 
commercial feed; the possible 
reasons have been analyzed and are 
included in the full report in the 
Appendix. The moi trial was 
terminated early. 
 
A trial with niloticus tilapia was 
conducted at American Samoa 
Community College, but they were 
only able to test Feed-1 against 
commercial feed due to a lack of 
tanks; results were inconclusive. The 
feeds were also tested at OI (see 
table on next page).  



Outcomes & Impacts 
This project produced practical Moi and tilapia feeds with an 
extruder in the newly-built feed mill in Hilo. The outcomes of these 
research activities could directly or indirectly benefit local Moi and 
tilapia farming, ingredient producers and aquaculture industry. The 
information will also provide baseline methods for formulated 
feeds, feed processing and tilapia culture in Hawaii or the Pacific 
regions in the future.  

Summary of Results 
This research collected many local feed ingredients and analyzed 
their nutrient composition. This provided basic information for diet 
formulation. The feed formulation was accomplished mainly using 
local feed ingredients in the newly built Feed Mill on the Big Island. 
Two Moi feeds and two tilapia feeds were formulated and 
processed with high quality stability and a good floating rate. Five 
feeding trials were conducted with Moi and Nile tilapia on the Big 
Island and at America Samoa Community College, respectively. 

Publications & Presentations 
None to report 

Additional Participants 
 
 

Dr. Fabio Soller  
Oceanic Institute of HPU 

 
Jeff Harris 

Oceanic Institute of HPU 
 

Dr. Armando Garcia-Ortega 
University of Hawai’i Hilo 

 
Francis Leiato 

American Samoa Community  
College 

 
Kelley Tagarino  

American Samoa Community  
College 

 
 
 
 
 

Opportunities and Challenges 
Ahead 

 
Hawaii does not currently have 
any commercial feed operations. 
Many local ingredients have been 
analyzed and found to be 
appropriate for aquatic species; 
several diets have been 
formulated. The future success of 
this research will depend on the 
capacity and desire to 
manufacture feeds locally. 

Objectives 
Objective 1: Conduct biochemical analyses of local ingredients to assist in 
feed formulation and to update the local feed ingredient database; 
Objective 2: Develop two (2) cost-effective feed formulations for a 
carnivorous marine fish (e.g. moi) and two (2) formulations for an 
omnivorous euryhaline fish (e.g Nile tilapia) using local ingredients; 
Objective 3: Optimize feed processing conditions to produce floating and 
sinking feed at commercial scale at OI’s Feeds Research and Pilot 
Production Facility;  
Objective 4: Compare experimental diets to a control diet by evaluating 
moi in floating net cages at the University of Hawaii at Hilo’s Pacific 
Aquaculture & Coastal Resources Center (PACRC), and tilapia 
performance in tanks at American Samoa Community College (i.e. 
growth, survival, and product quality), all with three (3) replicates; 
Objective 5: Evaluate fish performance data, feed efficiency data, and 
economic data from moi trials in cages in Hawaii and Nile tilapia in ponds 
in American Samoa; 
Objective 6: Organize a workshop for local farmers and other industry 
stakeholders to share results. 



Development of Cost-Effective 
Aquatic Feeds Using Locally Sourced 
Ingredients 

Funding Level: $116,000 (1 year) 
Lead Institutions: Oceanic Institute of HPU 
Principal Investigators: Zhi Yong Ju, Ph.D. 
Status: Completed June 30, 2019 

Purpose of Research 
Commercial aquaculture farmers in Hawaii and the U.S.-
affiliated Pacific islands are dependent on imported feed to 
sustain their businesses, as there are no commercial feed mills 
in the region.  This situation has created a huge financial burden 
to the farmers and has significantly limited the expansion of 
local agriculture and aquaculture to enhance food security and 
island sustainability. The Oceanic Institute of Hawai‘i Pacific 
University (OI) constructed a Feeds Research and Pilot 
Production Facility in Hilo, Hawaii.  Successful operation of the 
new feed mill is dependent on research such as this project to 
support large-scale, commercial production of cost-effective 
feeds using locally sourced ingredients. 

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

Objectives 
Objective 1: Formulate cost-effective tilapia feeds using local 
ingredients using feed formulation software and update the local feed 
ingredient database. 
Objective 2: Optimize processing conditions to produce floating tilapia 
feed at commercial scale at OI’s Feeds Research and Pilot Production 
Facility.  
Objective 3: Test feed performance on tilapia growth and survival and 
product quality at OI’s Makapu’u laboratory and at UH-Hilo’s PACRC 
facility. 
Objective 4: Test feed performance on tilapia growth and survival and 
product quality at local tilapia farms on Oahu and the Big Island. 
Objective 5: Evaluate the fish performance, feed efficiency and the 
economic benefits from tilapia trials at the commercial tilapia farms 
and the research labs. 
Objective 6: Organize a workshop for local farmers and other industry 
stakeholders to share results. 

DEVELOPMENT OF  
NEW TECHNOLOGIES 

Primary Accomplishments 
 
 
This project analyzed local 
commercial feed ingredients and 
used computer software to 
formulate two diets for tilapia 
based on the following criteria: 1) 
nutrient requirement of the target 
species; 2) nutritional quality of 
local ingredients; 3) unit price of 
protein and carbohydrate 
ingredients; and 4) requirements 
for practical feed processing. 
 
 

The two diets were processed 
using local ingredients. Four 
feeding trials were performed and 
found that Feed-2 showed 
significantly better feed convert 
ration than Feed-1, which 
indicated that Feed-1 obtained a 
similar growth rate to Feed-2 but 
the fish in the cohort consumed a 
higher amount of feed by weight 
than Feed-2.  These results 
suggest that Feed-2 is an ideal 
formula for tilapia feed. 
 
 
 
 



Outcomes & Impacts 
The data collected from analyzing nutritional composition will be 
utilized by local feed ingredient companies on their websites and 
business activities.  The diet formulation and feed processing will 
help local aquafeed production and the aquaculture economy.  The 
established technology on feed process, and tilapia feeding 
methods and cultural conditions will be used on local tilapia farms 
and to promote local aquaculture development.  
 
This research intended to produce local tilapia feeds with the 
extruder processing line at the newly-built Feed Mill in Hilo. The 
information and results provide baseline methods for formulated 
feeds, feed processing and tilapia culture in Hawaii or the Pacific 
regions in the future. Production of local feed will open the feed 
market to local industries including agriculture, biofuel and 
fisheries.  

Summary of Results 
Many local feed ingredients were collected and their nutrient 
composition analyzed to create two tilapia feeds (Table 1). Tilapia 
Feed-2 was formulated with high lipid content (~10%) because local 
tilapia farms desire to increase the fat content of their tilapia 
products. Feeding trials determined Feed-2 was superior. 

Publications & Presentations 
EFFECTS of N-3 FATTY ACID ENRICHED DIETS IN MARINE GREEN 
WATER ON FATTY ACID PROFILES of HAWAIIAN GOLD TILAPIA. 
Aquaculture 2019, World Aquaculture Society, New Orleans, LA.  

Additional Participants 
 
 

Dr. Fabio Soller  
Oceanic Institute of HPU 

 
Jeff Harris 

Oceanic Institute of HPU 
 

Dr. Armando Garcia-Ortega 
University of Hawai’i Hilo 

 
See Ba Thee 

Ali’i Turf Company 
 

Brendan and Fred Lau 
Mari’s Gardens 

 
 
 
 
 

Opportunities and Challenges 
Ahead 

 
Hawaii does not currently have 
any commercial feed operations. 
Many local ingredients have been 
analyzed and found to be 
appropriate for aquatic species; 
several diets have been 
formulated. The future success of 
this research will depend on the 
capacity and desire to 
manufacture feeds locally. 



Development of Marine Finfish  
Aquaculture, Aquatic Feeds, and Training 
in the Republic of Marshall Islands (RMI) 
for Sustainability and Food Security 

Funding Level: $297,236 (3 years) 
Lead Institutions: Rongelap Atoll Local Government 
Principal Investigators: Mayor James Matayoshi and  
Ryan Murashige 
Status: Completed September 30, 2019 

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. 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 focused on developing and transferring 
aquaculture technology in the RMI, particularly the 
manufacturing of locally-sourced feeds and fish farming of Moi 
(Polydactylus sexfilis) and Rabbitfish (Siganus spp), with an 
emphasis on training local technicians.  

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.  

DEMONSTRATION AND ADAPTATION OF 
KNOWN TECHNOLOGIES 

Primary Accomplishments 
 
In Year 1, a local feed was formulated 
and developed.  The selected feed 
achieved positive results compared 
to the control EWOS feed. Feed 
formulation and manufacturing of 
feed is the key to the success of 
aquaculture in the RMI and the 
region; this project proved local 
technicians can produce a quality 
feed to sustain a fisheries industry.  
 
Though Year 2 was challenging for 
the research group, the goal to have 
domesticated rabbitfish broodstock 
producing naturally spawned 
fertilized eggs was met. However, 
attempted hatchery trials have not 
been successful. The research group 
will continue to consult with 
researchers in the region to figure or 
find a solution to begin producing 
successful hatchery runs.  
 
In Year 3, the project achieved its  
main objectives by utilizing the 
available resources to conduct grow-
out trials for Moi; create a hands-on 
training program on feed 
manufacturing and fish farming; train 
a local aquaculture workforce; 
transfer the technology to local 
farmers; and begin to transition into 
commercial-scale production of feeds 
and fish. 



Outcomes & Impacts 
Training is the largest outcome that will continue to impact the 
trainees by giving them the opportunity to work in the field of 
aquaculture. The trainees have learned much through the project’s 
valuable lessons on fish husbandry and other work with live 
animals. The trainees also gained experience on work ethics and 
what it means to be on a team. This project gave experience to 
farmers so they may progress in aquaculture and meet the demands 
associated with aquaculture  responsibilities. Furthermore, the 
experience and information gained from observations of feeding 
and fish behavior during the project have improved the results of 
growout trials and will be used in future trials. The farmer Mr. Boon 
has experienced firsthand the potential for farming fish in Majuro 
and will continue to educate and find other interested partners. The 
training of Billy Ned and Menwa Atlaia will continue with upcoming 
growout trials.  

Summary of Results 
Aside from the feed that was developed and refined during Years 1 
and 2, the primary output from this project is training (trained staff 
and the continuous training of trainees). To achieve a quality staff, 
training has been demanding and not all trainees are equipped to 
be staffed.  The project also gave additional training to existing staff 
on research and commercial production applications. Five trainees 
from the College of Marshall Islands, and an additional two team 
leaders and ten (10) Fish Technicians.  
 
In the third and final year of the project, the feed that was 
developed during Year 1 was analyzed by expert Dr. Dong-Fang 
Deng, who provided insight of better monitoring of the feed 
ingredients and feeds production. 

Publications & Presentations 
None to report 

Additional Participants 
 

Johnny John, Derrick Konou, Junten 
Aisea, Billy Ned 
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Marshall Islands Marine Resource 
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Republic of Marshall Islands Ports 

Authority 
 

RMI Customs 
 

Pan Pacific 
 

MIFV 
 

Do It Best Hardware 
 
 

Student Participants 
 

Lesley Jude, Riem Jude, Sanchez 
Sanchez, Tensa Langinbelik, Iso 

Langinbelik 

 
 
 

Opportunities and Challenges 
Ahead 

 
Proper monitoring, dedicated trained 
workforce, detailed observation and 
communication between staff and 
management is of most importance 
for the continued success of the 
project and aquaculture in the RMI. 
In the future the project will continue 
to utilize current feed formulation 
including the recommendations from 
Dr. Dong-Fang to consistently supply 
high quality commercial feeds.  
 
 
 

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. 



Disease prevalence survey of wild 
mud crab populations in the  
US-Affiliated Pacific Islands 

Funding Level: $24,801 (1 year) 
Lead Institutions: Oceanic Institute of HPU 
Principal Investigators: Dustin Moss, Ph.D. 
Status: Completed April 30, 2019 

Purpose of Research 
Mud crabs, also known as “mangrove crabs”, are widely sought 
after in South America, Southeast Asia, Australia and the Pacific 
Islands for human consumption. Oftentimes, farmers capture 
wild stock and growout juveniles or “fatten” market-sized crabs 
in ponds. Inability of local habitats or farms to meet increasing 
demand has forced some restaurant owners and other 
individuals in US-Affiliated Pacific Islands (USAPI) to import crabs 
from surrounding areas such as Southeast Asia and the 
Philippines. This poses an immediate risk for the introduction 
and spread of crustacean pathogens. Isolated island populations 
of mud crab may be free of these pathogens and, if so, 
represent a valuable resource to those local farmers and 
fishermen. With a vested interest in monitoring and 
understanding the current state of disease prevalence in and 
movement of mud crab populations, this project surveyed 
samples collected from Palua, Guam, Saipan, Pohnpei and 
Kosrae to assess the disease status of mangrove crabs in each 
location. The overall goal of this project was to determine the 
prevalence of harmful pathogens in wild populations of mud 
crabs in the USAPI, as well as in mud crabs imported into the 
region. Furthermore, the population genetic structure of local 
mud crab populations was assessed to help determine species 
and origin of specimens. 

Target Audiences 
Persons or entities interested in the management, conservation, 
and culture of mud crabs in the U.S.-affiliated Pacific Islands.  
Additionally, the novel microsatellite markers presented in this 
project will appeal to a broader audience along the entire 
geographic distribution of S. serrata.   

EXTENSION SUPPORT TO FURTHER 
INDUSTRY DEVELOPMENT 

Primary Accomplishments 
 
A total of 140 tissue samples from 
mud crab, Scylla serrata, were 
collected for this project. 
However, sampling fell short of 
the original goal as zero samples 
were collected from Saipan and 
only 20 (rather than the targeted 
40) were collected from Guam. 
The targeted sample size of 40 
was successfully obtained at the 
other three localities: Palau, 
Kosrae, and Pohnpei.  
 
While all of the samples tested 
negative for WSSV and TSV, 
several samples tested positive for 
MCRV: 3/40 (7.5%) from Palau, 
3/40 (7.5%) from Kosrae, and 4/40 
(10%) from Pohnpei.  
 
In addition to screening with 
disease assays, the tissue samples 
were used to develop 16 novel 
microsatellite markers. Fourteen 
of the novel markers were used to 
evaluate population genetic 
structure among the four sample 
locations.  



Outcomes & Impacts 
The research group isolated and characterized 16 novel 
microsatellite markers that can be used to evaluate genetic 
structure and diversity within/among population(s). They 
determined the population structure of S. serrata among four 
locations within the USAPI. This knowledge should aid farmers and 
resource managers of S. serrata.  Researchers also determined the 
prevalence of three (3) pathogens of concern for S. serrata in the 
USAPI. This information should help mud crab farmers by limiting 
MCRV introductions to farm populations (i.e. increasing farm 
biosecurity) and aid regulators/resource managers in limiting the 
spread of MCRV within the region (or exporting it outside of the 
region). 

Summary of Results 
Tissue samples of crabs from multiple locations were assayed for 
MCRV, WSSV and TSV.  Briefly, all samples were negative for WSSV 
and TSV. All samples from Guam were negative for MCRV. However, 
7.5-10.0% of samples from the other island were positive for MCRV. 
The lack of detections for WSSV and TSV indicate that while mud 
crabs have been shown to be potential carriers/vectors for these 
diseases in other locations, it is possible this is not a problem within 
the USAPI.  On the other hand, the positive detections for MCRV, at 
three of the four sampling locations, indicate that the disease is 
present within the USAPI and care should be taken to monitor and 
prevent the spread of the disease. In addition, a total of 16 novel 
microsatellite markers were isolated and characterized for S. serrata 
during this project and the markers are publicly available. Genbank 
accession numbers and other marker details are provided in the full 
report in the Appendix.  

Publications & Presentations 
Renshaw, M.A., M.D. Santos, and D.R. Moss. Description of novel 
microsatellite markers for the giant mud crab, Scylla serrata, and 
evaluation for both stock structure and parentage assignment 
applications. PeerJ, in prep. 

Additional Participants 
 
 

Miguel de los Santos 
Palau Community College 

 
Mark Renshaw 

Oceanic Institute of HPU 
 
 
 
 
 

Opportunities and Challenges 
Ahead 

 
Given the significant population 
structure detected in the current 
study, a more comprehensive 
sampling across the entire 
geographic distribution for mud crab 
would be useful. The novel 
microsatellite markers introduced 
here appear to be sufficient for 
elucidating some population 
structure. But single nucleotide 
polymorphisms (SNPs) would provide 
a finer scale assessment of structure.  
 
Another potential follow-up study 
could utilize the existing hatchery at 
Palau Community College. Hatchery-
spawned individuals that have been 
released into the wild – and 
successfully recruited – can be 
identified through microsatellite 
genotyping of broodstock and wild 
individuals. This effort would affirm 
that hatchery-releases are bolstering 
wild populations, and also enable 
research on age of release of 
hatchery-spawned individuals to 
potentially reduce time individuals 
are raised in the hatchery prior to 
release.  

Objectives 
Objective 1: Collect 200 samples from wild and imported mud crab 
populations (40 each) in Palau, Guam, Saipan, Pohnpei, and Kosrae.   
Objective 2: Use established protocols to test all 200 samples for white 
spot syndrome virus (WSSV), Taura syndrome virus (TSV), and mud 
crab reovirus (MCRV).  
Objective 3: Develop 10-15 novel microsatellite markers for use in mud 
crab and characterize the genetic structure in populations across the 
US-affiliated Pacific Islands. 



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 HPU  
Principal Investigators: Chatham Callan, Ph.D. and  
Miguel de los Santos (Palau Community College) 
Status: Completed July 31, 2019 

Purpose of Research 
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 aimed 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 creating a regional working group 
on these species.  

Target Audiences 
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.  
Objective 2: Establish cultures of Parvocalanus copepods at PCC hatch-
ery for use in testing on grouper larvae. 
Objective 3: Optimize and refine culture methods for suitable species 
of copepods for testing on grouper. 

DEMONSTRATION AND ADAPTATION OF 
KNOWN TECHNOLOGIES 

Primary Accomplishments 
 
 
This project successfully 
implemented and improved the 
culture methods for Coral 
Grouper. Specifically, Coral 
Grouper were recruited from the 
wild, and were conditioned to 
spawn under lab conditions in 
both Palau and in Hawaii.  
 
Copepod production methods 
were successfully transferred to 
Palau and the use of copepods 
significantly improved the larval 
rearing methods for this species, 
resulting in tens of thousands of 
fingerlings being produced. Larval 
survival was improved from <1% 
to over 10% using copepods.   
 
The resulting surplus of fingerlings 
allowed for additional research to 
be performed on the juvenile 
grow-out and cost of production 
for this species (reported 
separately).   
 
A comprehensive culture manual 
was published outlining these 
improved culture methods. 



Outcomes & Impacts 
The change in knowledge that occurred was improved 
understanding of microalgae production requirements and 
methods. This resulted in new methods being immediately 
implemented at the PCC hatchery facilities. Also, staff at PCC as well 
as at 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. This resulted in immediate 
implementation of this knowledge at PCC facilities as well as at 
local, private sector companies. Results of our 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.  

Summary of Results 
This project achieved 1) 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; 2) Initiation of Coral Grouper fingerling 
production. Tens of thousands of settled juveniles have been 
produced and several thousand fingerlings have been transferred to 
industry stakeholders for grow-out; and 3) Establishment of 
intensive copepod production methods at PCC hatchery. These 
include the automated harvest of nauplii and the direct training of 
(2) PCC technicians on these production methods. These results 
have been shared with at least one local industry stakeholder, Biota 
Inc. 

Publications & Presentations 
Callan, C., M. Delos Santos, E. Pereira, R. Touse, P. Harrison, E. 
Groover, S. Davis, A.I. Burgess, K.E. Hiew & A.A. Corley. 2019. 
Leopard Coral Grouper, Plectropomus leopardus, Hatchery Manual. 
CTSA Publication #165. 
 
Burgess, A.I., Callan, C.K., Touse, R. & Delos Santos, M. (2019). 
Increasing survival and growth in larval leopard coral grouper 
(Plectropomus leopardus) using intensively cultured Parvocalanus 
crassirostris nauplii. Journal of the World Aquaculture Society. 1-
12.https://doi.org/10.1111/jwas.12635  

Opportunities and Challenges 
Ahead 

 
Future studies should address the 
challenges outlined and identified 
pertaining to juvenile grow-out. 
Specifically, enhancing weaning to 
formulated feeds and the use of 
commercial diets that facilitate 
rapid growth to market size 
should be evaluated.   

  



Evaluation and comparison of  
grow-out diets for coral grouper 
(Plectropomus leopardus) fingerlings 

Funding Level: $81,000 (1 year) 
Lead Institutions: Oceanic Institute of HPU 
Principal Investigators: Chatham Callan, Ph.D. 
Status: Completed July 31, 2019 

Purpose of Research 
Leopard Coral Grouper, Plectropomus leopardus (Lacepede, 
1802), is 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 many challenges 
also remain during juvenile grow-out. The primary goal of this 
project was to take advantage of surplus fingerlings to build 
upon prior success with this species (under another CTSA 
project) in order to determine effective grow-out methods and 
diets for coral trout/leopard coral grouper. Specifically, this 
project examined several diets in an effort to juvenile feeding 
response and further reduce cannibalism.   

Target Audiences 
Aquaculture producers interested in the culture of coral grouper.   

Objectives 
Objective 1: Conduct a preliminary feeding trial to examine the 
effectiveness of high-moisture grow-out diets for Coral Grouper 
juveniles.      
Objective 2: Evaluate the cost of production for growing Coral Grouper 
to market size onshore using flow through systems. 

DEMONSTRATION AND ADAPTATION OF 
KNOWN TECHNOLOGIES 

Primary Accomplishments 
 
 
This project successfully tested 
two diets on coral grouper 
fingerlings for 6 months. The fish 
were taken from ~20g to over 
180g in that period. The 
commercial diet treatment 
yielded larger animals (180g vs. 
120g) indicating that although the 
HMF was readily accepted, it did 
not perform as well as the 
commercial feed.  
 
 
A separate population of Coral 
grouper maintained on a more 
conventional diet of “wet” feed 
(chopped fish/squid/shrimp) grew 
twice as fast (>250g) over the 
same period. This indicated that 
the full growth potential for Coral 
Grouper was not realized under 
the experimental treatments, and 
thus more research is needed to 
determine how to maximize their 
growth potential.   



Outcomes & Impacts 
Coral Grouper grow-out has proven challenging due to poor 
acceptance of commercial feeds. A grow-out trial tested the 
effectiveness of novel “High Moisture” feeds compared to 
commercial diet. This work revealed that High Moisture Feeds are 
readily accepted by Coral Grouper. However, further refining is 
needed in order to enable them to perform similarly to commercial 
feeds available now. This work provided a good baseline data set for 
Coral Grouper growth rates that can be used to structure future 
work.   

Summary of Results 
A grow-out trial testing two feeds (a commercial diet and a high 
moisture feed) was carried out over 6 months. During that period, 
fish receiving the commercial diet grew from ~20g to ~180g. Survival 
of fish during that 6-month period was approximately 75%, with 
most of the mortalities occurring early (first 2 months) in the 
evaluation period. Most of the mortality was due to cannibalism or 
failure to transfer onto the commercial feed.   
  
The total amount of food presented to each tank was compiled and 
the mean totals for each treatment by month were calculated. 
Using these data, we determined the cumulative mean FCR for Coral 
Grouper that received the commercial feed was approximately 1.3 
(range 1.0 - 1.6), while the mean FCR for fish on the HMF treatment 
was more than double that at 3.2 (range 1.93 - 4.92).  Assuming the 
FCR of 1.3 is more representative of what the industry would 
experience, the estimated food cost for producing a 200g fish = 
$0.63 per fish (at $3.00/kg feed cost).  While we were not able to 
observe the final market size of 450-500g under this study, if we 
extrapolate the same mean FCR over the next 6 months, this would 
result in the total cost of food per fish to equal ~$1.95 or roughly 
$4.00 per kg of fish produced. If this cost is extrapolated to 1,000 
fish = $1,950 total food cost.  

Publications & Presentations 
None to report 

 

 

Additional Participants 
 

Kampachi Farms 
 
 
 
 
 

Opportunities and Challenges 
Ahead 

 
Future studies should address the 
remaining disparity between 
growth rates observed on com-
mercial feeds vs those attained on 
“wet” fish feeds. The full growth 
potential for Coral Grouper in on-
shore grow-out conditions has not 
yet been realized and is worthy of 
future investigation.  
 
 
 
 
 



 

Franscisella noatunesis subsp. orientalis 
Incidence and Genetic Assessment of 
Feral Tilapia Populations in Hawaii  

Funding Level: $49,900 (1 year) 
Lead Institutions: University of Hawaii CTAHR 
Principal Investigators:  Michael Wong, DVM 
Status: Completed April 30, 2019 

Purpose of Research 
Francisellosis causes mortalities in temperate to tropical fish 
worldwide. In Hawaii, francisellosis has been linked to the large 
numbers of unexplained mortalities in cultured and feral 
populations of tilapia on Oahu. Molecular methods have 
identified the causative bacterium as Francisella noatunensis sp. 
orientalis (Fno). In an attempt to prevent the spread of the 
bacterium, the State of Hawaii Plant Quarantine Division issued 
a moratorium on exporting Oahu tilapia to the other Hawaiian 
Islands. However, it was previously unknown if Fno is present 
and/or the extent of its presence on the other Hawaiian Islands. 
Therefore, this project aimed to determine the prevalence of 
Fno on islands other than Oahu, and to determine what species 
are infected and established in natural bodies of water in 
Hawaii.   

Target Audiences 
Other scientists, extension faculty, tilapia farmers, and State 
regulatory agencies.  

Objectives 
Objective 1: Collect up to 400 specimens of tilapia from feral 
populations on the islands of Hawaii, Kauai, Maui, Molokai and Oahu.    
 Objective 2:  Necropsy the specimens, record any gross findings 
associated with Fno, culture spleens for microbiological analysis, and 
collect samples of spleen for histopathology and PCR.  
Objective 3:  Screen spleen biopsies for Fno infection using 
conventional PCR methods.  
Objective 4:  Perform fin biopsies and submit samples to the laboratory 
at Georgia College and State University for tilapia species identification 
via molecular methods.  
Objective 5:  Prepare articles for the scientific community and in lay 
terms to convey the project information to the aquaculture industry 
and regulatory agencies.  

EXTENSION SUPPORT TO FURTHER 
INDUSTRY DEVELOPMENT 

Primary Accomplishments 
 
 
Tilapia were collected on Oahu, 
Kauai, Maui, Molokai, and Hawaii 
Islands.  Samples from these fish 
were tested for the presence of 
Fno via bacteriology and qPCR.  
Samples were also tested to 
determine species present within 
the State.  
 
Fin clip samples of tilapia taken 
from across the Hawaiian Islands 
identified the following species: 
Sarotherodon melanotheron, 
hybrid Oreochromis mossambicus 
x Oreochromis niloticus,  hybrid O. 
niloticus x O. aureus, and a 
Captodon rendalli/zillii strain. 
 
This study has shown that O. 
niloticus and its hybrids are in 
streams on Molokai, Maui, and 
the Big Island.  
 
The tilapia species that was found 
to be the greatest likelihood of 
being positive for Fno was S. 
melanotheron; however, on Maui, 
other species were found to be 
Fno positive. 



Outcomes & Impacts 
Previously, Fno has only been reported on Oahu in aquaculture and 
in the wild (Soto et al. 2013). Due to the supposed isolation of the 
bacteria to Oahu, Hawaii Department of Agriculture Plant 
Quarantine in 1994 issued a moratorium on exporting tilapia from 
Oahu to the other Hawaiian Islands (HDOA PQ 98-09, Section 150-
A8, HRS). This study reveals that Fno has crossed over to Maui and 
Kauai. This is not surprising as Fno has been reported worldwide in 
fresh, salt, and estuarine waters. As a result of this study, HDOA 
Plant Quarantine will  lift the moratorium for fish farmers to export 
tilapia from Oahu to Hawaii State Islands.  
  
Additionally, it has been difficult for fish farmers to import O. 
niloticus, a fast-growing tilapia, due to the State’s insistence that it 
will escape into the wild and displace native species. This study has 
shown that O. niloticus and its hybrids are in streams on Molokai, 
Maui, and the Big Island. O. niloticus has recently been delisted from 
HDOA PQ restricted list A (research and exhibition) to list B (private 
and commercial use). This study will help justify that decision, 
allowing more farmers to import the species. 

Summary of Results 
220 tilapia were necropsied with spleens preserved for PCR analysis. 
From the total samples analyzed, 206 were successfully screened for 
Fno via qPCR. Five fish from Kahului Stream on Maui and twelve fish 
from Pu’ali Stream on Kauai were found to be positive for Fno. 
Surprisingly, only 2 out of 73 tilapia (<3%) from Oahu streams were 
found to be positive for Fno. Fin tissues from the samples tilapia 
were sent to Dr. Weese for species identification via PCR. 198 were 
successfully identified. Nine tilapia were positively identified as 
Oreochromis niloticus, two as O. niloticus x O. aureus hybrids and 
two as O. niloticus x O. mossambicus hybrids from the Anenalo 
Stream on the Big Island. This stream also was inhabited by O. 
aureus (two fish) and O. mossambicus spp. (two fish). Other O. 
niloticus x O. mossambicus hybrids were found on Maui. All tilapia 
collected from Molokai’s two streams were O. niloticus x O. 
mossambicus hybrids. The black chin tilapia, Sarotherodon 
melanotheron, was present in nearly 100% of tilapia captured from 
both streams on Kauai and 100% of tilapia from Oahu. A Captodon 
rendalli/zillii strain was identified from 12 fish from Kahului Stream 
on Maui and one fish from Pu’ali Stream on Kauai. 

Publications & Presentations 
See full report in the Appendix. 

Additional Participants 
 
 

RuthEllen Klinger-Bowen 
University of Hawai’i Sea Grant 

 
Dr. Lei Yamasake 

Hawai’i Department of Agriculture 
 

Tom Iwai 
Island Aquaculture and 

Aquaponics 
 

David A. Weese 
Georgia College and University 

 
 

Student Participants 
 

Daquille Pepper 
University of Hawai’i Manoa 

 
 
 

 
Opportunities and Challenges 

Ahead 
 

Using genetic techniques (i.e. PCR 
and /or qPCR) to look for potential 
pathogens in the wild and in 
imported seafood could have 
impacts on Hawaii aquaculture 
growth.  Knowing what is out 
there or coming into the State can 
secure the necessary biosecurity 
measures for our farmers prior to 
any disease outbreaks.  
  
 



Potential of Black Soldier Fly as a Feed 
Ingredient to Support Hawaiian 
Aquaculture 

Funding Level: $173,174 (2 years) 
Lead Institutions: Oceanic Institute of HPU 
Principal Investigators: Zhi Yong Ju, Ph.D. 
Status: Completed June 30, 2019 

Purpose of Research 
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 aimed 
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. 

Target Audiences 
Researchers, feed manufacturers and fish producers in Hawaii. 

Objectives 
Objective 1: Compare the nutritional composition, processing 
efficiency, shelf life and physical quality of raw and processed 
BSF larvae (Year-1).    
Objective 2: Determine the palatability and digestibility of BSF in 
fish or shrimp (Year-1)  
Objective 3: Establish optimal BSF-based feed formulations by 
investigating the growth performance and the quality of animals 
fed the BSF diets (Year-2).  
Objective 4: Transfer technology and publish findings (Year-2).  

DEVELOPMENT OF  
NEW TECHNOLOGIES 

Primary Accomplishments 
 
 
Defatted BSF was prepared by 
extracting lipid with hexane from 
original BSF larvae biomass according 
to the method developed during Year 
1 of the project.  
 
 
A feeding trial was conducted to 
replace fishmeal in shrimp diets with 
defatted BSF meal. BSF ingredient has 
been defatted to gradually replace 
fishmeal (0, 25, 50 and 75% 
replacement) in four test diets.  
 
 
The 25% BSF diet displayed better 
results for final weight, growth, 
estimated FCR and yield among all 
diets. However, replacing up to 50% 
of fishmeal protein with defatted BSF 
does not have adverse effects on the 
growth of shrimp. 
 
 
The results from this study provide 
important information regarding the 
potential application of BSF larvae as 
a valuable alternative protein 
ingredient in shrimp feed. 



Outcomes & Impacts 
This data will be very helpful in evaluating Black Soldier Fly’s 
potential as a feed supplement for local aquaculture feed 
production in Hawaii. This research developed an effective defatting 
method, which will also be useful for defatting many oil seeds in 
Pacific Islands to produce protein seed cakes.  
 
Data on the analyzed nutrient composition of BSF, formulated diets 
and feeding test results can help local agriculture farmers and BSF 
companies to utilize their products, help local restaurants to treat 
their wastes and local aquaculture farms to select feed and feed mill 
to process aquafeeds for their cultured tilapia and shrimp. The 
results from the shelf life test will guide farms or companies how to 
store the BSF ingredient.  
 

Summary of Results 
The nutritional profile of raw Black Soldier fly larvae, including fatty 
acid and amino acid profiles, mineral, fiber, and proximate contents 
was determined. Aside from the nutritional data obtained for Black 
Soldier Fly larvae, this project produced a method for defatting BSF 
larvae in the lab using hexane as the solvent, allowing for the 
defatted BSF meal to be safely used in aquaculture feeds. In 
addition, researchers formulated and manufactured four shrimp 
diets containing increasing levels of BSF protein to replace fishmeal 
protein. A successful shrimp feeding trial was accomplished and 
resulted in the conclusion that up to 50% of fish meal protein could 
be replaced by defatted BSF meal without affecting shrimp growth 
performance. 

Publications & Presentations 
NUTRITIONAL EVALUATION ON LOCAL FEED INGREDIENTS FOR TI-
LAPIA PRODUCTION IN HAWAII” AQUACULTURE 2016 conference in 
Las Vegas, Nevada, February 22 - 26, 2016. 
 
BLACK SOLDIER FLY LARVAE MEAL AS A PROTEIN FEED INGREDIENT 
TO REPLACE FISH MEAL IN SHRIMP DIETS.  Accepted by Aquaculture 
2019, World Aquaculture Society, New Orleans, LA.  

Additional Participants 
 

Dr. Fabio Soller  
Oceanic Institute of HPU 

 
Spencer Davis 

Oceanic Institute of HPU 
 

Kathleen Ramm 
Oceanic Institute of HPU 

 
Robert Olivier 

Prota Culture Company 
 

 
 

Student Participants 
 

Bell Lin and Felipe Nobre 
Hawai’i Pacific University 

 

 
 

Opportunities and Challenges 
Ahead 

 
Some recommendations for 
future studies include research 
and develop pilot-scale feeds 
using these local ingredients; 
investigate production potential 
(land, yield and cost) for many 
local ingredients such as cassava, 
duckweed, fishery byproducts 
etc. for local commercial feed 
production; and use the 
established database of local 
ingredients and the developed 
feed formula for local tilapia and 
shrimp production. 



Utilization of local agri-processing  
by-products to produce fungal protein for 
aquatic feed production 

Funding Level: UH: $99,812 / OI: $98,465 (2 years) 
Lead Institutions: University of Hawai’i and Oceanic Institute of 
HPU 
Principal Investigators: Samir Khanal (UH) and Zhi Yong Ju (OI) 
Status: Completed August 31, 2019 

Purpose of Research 
Microbial protein such as fungal biomass production on low-cost 
feedstocks has gained significant attention due to cost 
effectiveness and a long-term sustainability. Fungal process is a 
low-cost and simple process for animal feed production, as fungi 
are known to grow extensively on diverse organic feedstocks 
under optimal conditions. Hawaii produces large quantity of 
fruit and food by-products which may have the potential to be 
upgraded into protein enriched value-added products. The 
overarching goal of this project was to develop a fungal-based 
protein substitute for imported aquatic feed by using locally 
available agriculture by-products such as damaged papaya, 
molasses, and taro waste, and to conduct shrimp feeding trials 
with the new fungal-based protein. 

Target Audiences 
Researchers, aquafarmers and students interested in aquacul-
ture 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. 
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. 

DEVELOPMENT OF  
NEW TECHNOLOGIES 

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

 

The nutritional composition of fungal 
protein ingredient samples were fully 
analyzed including contents of 
proximate nutrients, minerals and 
chitin, and fatty acid and amino acid 
profiles.   

 

Three test diets containing varying 
amounts of the fungal ingredient in 
place of fishmeal were formulated, 
prepared, and tested on shrimp 
during an 8-week growth trial. Diet-1 
resulted in similar growth rates as 
control diets, and Diet-2 and Diet-3 
showed significantly lower growth 
rates than the control. This suggests 
that the fungal protein ingredient 
could replace 25% fish meal protein 
without affecting shrimp growth 
performance. 



Outcomes & Impacts 
Nutritional information obtained from the R. Oligosporus Fungal 
Biomass can be utilized by the feed industry as well as researchers 
in feed production. This work can encourage the application of the 
UH fungal fermentation technique to produce valuable feed 
ingredients with local agricultural co-products or waste materials.   
 
The ability to replace fish meal in aquafeeds with fungal protein and 
amino acids will result in cost savings. The benefits from recovered 
value-added products from molasses/papaya/taro waste will be 
weighed against the conventional diet. 

Summary of Results 
Due to the closure of HC&S, obtaining crude molasses was hindered.  
Finding suitable growth medium for fungal biomass production was 
necessary. The research group used their novel fermentation 
technique to test soy whey, the liquid waste after the addition of 
coagulate during tofu processing.  Soy whey did not need any 
pretreatment, whereas molasses needed the hydrolysis process to 
break down polymeric sugar into monomeric sugar; this saved 
overall production time and cost. Approximately 4 kg of wet 
biomass and 1 kg of dry biomass was produced and supplied to Dr. 
Zu at OI to test on hatchery feed.  
 
The proximate contents of the fungal biomass sample were 
analyzed. The R. Oligosporus sample was found to have around 
38.1% crude protein and 6.4% crude lipid and 15.3% ash. This 
indicated that the fungal sample had high protein content after 
fungal fermentation.  Four test diets were prepared following the 
formulations presented in the full report (appendix). Diet-1 was the 
control; Diet-2, Diet-3, and Diet-4 were included 25%, 50% and 75% 
of fungal protein to replace equal amounts of fish meal protein in 
control diet, respectively. Results found that the best growth rate 
was achieved with Diet 2, and that the fungal protein ingredient 
could replace 25% fish meal protein without adverse effects on 
growth.  

Publications & Presentations 
Manuscript in preparation 

Student Participants 
 
 

Misheel Batsaikhan and  
Jung S. Kwan 

University of Hawai’i 
 
 
 
 
 
 

Opportunities and Challenges 
Ahead 

 
Further testing on larger scale-up 
production of the fungal 
ingredient is needed.  In addition, 
the future local success of this 
research will depend on the 
capacity and desire to 
manufacture feeds locally/
regionally.  



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: Year 1 completed; Year 2 ongoing 

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 is targeting 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 post-
secondary 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.  

EXTENSION SUPPORT TO FURTHER 
INDUSTRY DEVELOPMENT 

Anticipated Benefits 
 
 
This project and the workshop will 
benefit the industry by helping 
with the shortage of educated and 
skilled workers through 
encouraging local students to 
pursue science education, 
consider jobs in the aquaculture 
industry, and/or contribute to the 
research needed to advance the 
industry in the US.  
 



Outcomes & Impacts 
The aquaculture workshop activities provided the participants with 
useable skills and with information that will allow them to make 
educated decisions regarding their future; one that may include a 
career in the aquaculture industry.  
 
Based on the post workshop debriefing and survey results, some of 
the activities will be adjusted and/or changed for next year’s 
workshop such as front loading information with pre-workshop 
lectures at Waianae High School on subjects such as DNA, 
environmental DNA, and the aquaculture business game. The high 
school teachers involved are committed to making class time for 
and/or delivering these lectures.  

Progress to Date 
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.  

Publications & Presentations 
Karr, G. July 26, 2019. CTSA Project Update: Aquaculture Workshop 
for Waianae High School, Regional e-Notes. Volume 11, Issue 7. July 
2019 
 
Karr, G. August, 2019. Waianae High Teachers and Students 
Participate in Aquaculture Workshop at OI-HPU, Hawaii Pacific 
University ‘Ohana This Week – August 27, 2019. 

Additional Participants from 
Oceanic Institute of HPU 

 
 

Chatham Callan, Ph.D. 
 

Erin Pereira  
 

Elizabeth Furr 
 

Corrie Wong 
 

Tyler Moss 
 

Dustin Moss, Ph.D. 
 

Mark Renshaw 
 

Renee Touse 
 

Matt Iaachei  
 
 
 
 

Challenges Encountered and/or 
Changes to Direction of Research 

 
Based on the post workshop 
debriefing and survey results, 
some of the activities will be 
adjusted and/or changed for next 
year’s workshop. 



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 
cost-effective utilization of papaya culls --an abundant local 
agricultural byproduct-- for producing nutritional single cell 
proteins as a renewable protein source 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 agro 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).  

DEVELOPMENT OF  
NEW TECHNOLOGIES 

Anticipated Benefits 
 

 
Success of this project will be 
highly beneficial to the Hawaii 
aquaculture industry and increase 
food security for the regions. 
Currently no local aquatic feed 
production is available in Hawaii. 
The state of Hawaii however has a 
considerable amount of carbon-
rich papaya cull waste. It is hence 
highly desirable if such an 
abundant renewable carbon 
feedstock can 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.  
 
 
 
 



Outcomes & Impacts 
A major outcome is efficient production of Yarrowia yeast biomass 
(as single cell protein) directly on puree of waste papaya using a 
new solid state fermentation method, which eliminates the need for 
culture mixing during fermentation and culture dewatering after 
fermentation. This development is significant, as it provides a 
practical means to utilize locally sourced papaya waste for making 
single cell proteins as a promising aquatic feed protein ingredient to 
replace fishmeal.  

Progress to Date 
The research team developed a practical solution for efficient and 
cost-effective separation of unbroken papaya seeds from the rest of 
the fruit waste. They repurposed simple, off-the-shelf, fruit 
processing equipment traditionally used in wine/cider making, along 
with a drying oven and a sieving system to achieve efficient semi-
mechanized fractionation of whole papaya culls into juice pulp, peel, 
and undamaged seeds.  
 
They also established a simple fermentation method in which 
Yarrowia yeast grew efficiently on a bed of papaya puree (pulp and 
peel) without mixing. This was achieved by adjusting the carbon and 
nitrogen sources in the puree-based medium, and by using a novel 
aeration system. With an aim to overcome technical barriers related 
to the need for large quantities of water, cultivation of Y. lipolytica 
yeast in semi-solid state fermentation (semi-SSF) was investigated. 
This type of fermentation involves minimum free water in the 
culture (though with higher water content than traditional solid 
state fermentations). The yeast cells are grown on a bed of papaya 
puree in an environment with temperature and humidity control.  
An important advantage of semi-SSF over SmF in culturing Yarrowia 
yeast on papaya puree is that a much denser yeast mass can be 
obtained and hence avoid costly dewatering required in SmF. From 
preliminary tests to date, researchers have confirmed that dense 
cells of Y. lipolytica could indeed be developed on a bed of papaya 
puree placed in large aluminum trays after 4 days of semi-SSF 
cultivation. Year 1 activities have laid the foundation for producing 
sufficient Yarrowia biomass as a source of single cell proteins for the 
tilapia feeding trial in year 2.   

Publications & Presentations 
None to report 

 

 

Additional Participants 
 
 
 

Armando Garcia-Ortega 
Univesity of Hawaii at Hilo 

 
 
 

Zhenlin Han 
Postdoctoral Researcher 

University of Hawai’i at Manoa  
 
 

 
 

Challenges Encountered and/or 
Changes to Direction of Research 

 
None reported 



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 1 completed; 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. 

Target Audiences 
Marine aquarium industry representatives including hobbyists, 
livestock collectors and dealers and aquaculturists producing 
other/similar aquarium species.  

Objectives 
Objective 1: Maintain robust Yellow Tang broodstock populations to 
ensure reliable, and year-round, supply of eggs for research (this will 
carry into subsequent years)    
Objective 2:  Evaluate the onset of maturation and assess reproductive 
performance in existing F1 generation Yellow Tang broodstock  
Objective 3:  Compare the hatchery performance of larvae from F1 
broodstock to larvae from wild stocks  
Objective 4:  Determine the effects of light source, spectrum and 
intensity on feed incidence and survival to day 7 post hatch  
Objective 5:  Investigate alternative small, non-elusive prey items that 
may enhance feeding and survival post first feeding 

DEVELOPMENT OF  
NEW TECHNOLOGIES 

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.   
  
 
 
 
 
 



Outcomes & Impacts 
Through the work completed to date, researchers have learned that 
Yellow Tang can begin spawning at approximately 3 years of age. 
This was much younger than anticipated. Further, the onset of 
spawning in F1 stocks was much faster than observed in wild-
collected stocks that were previously acquired (many taking > 5 
years from capture). It was also discovered that egg quality might 
be impacted by age of fish, although this requires further 
investigation to more fully understand.   

Progress to Date 
Year 1 of the project has demonstrated reliable, year-round 
production of viable eggs from Yellow Tang broodstock. It has also 
provided important information regarding the onset of maturation 
in F1 Yellow Tang stocks and is beginning to elucidate egg 
production information from those unique stocks. This work to date 
also resulted in the complete closing of the life cycle for Yellow 
Tang, producing the first F2 juveniles in August of 2019 and thus 
charted another important milestone for marine ornamental 
aquaculture. This project sought to improve early larval survival 
(beyond day 7), however was hindered by unexpectedly low egg 
quality from long-time, well-established stocks. Despite this, 
progress has continued with the culture of Yellow Tang and egg 
quality issues will be further addressed in Year 2 of this work along 
with re-visiting some of the Objectives that could not be fully 
explored from Year 1.    
 
Results to date were shared with aquarium enthusiasts and other 
aquaculturists via a 45 minute oral presentation at MCNA 2019. We 
are also working closely with Biota Aquariums & Biota Palau, which 
ate two companies engaged in the production of marine ornamental 
species. Project results are being shared in real-time with these 
companies to assist them in their scaling up of culture technologies. 

Publications & Presentations 
Oral: Callan, C. (2019) “Don’t try this at home? Taking marine 
ornamental aquaculture for scientific discovery to commercial 
feasibility”.   Marine Aquarium Conference of North America, 
Orlando Florida, Aug 30-Sept 1, 2019.  
 
 

 

Additional Participants 
 

 
Spencer Davis 

Oceanic Institute of HPU 
 
 
 
 

Challenges Encountered and/or 
Changes to Direction of Research 

 
The work to date has revealed 
that broodstock age may play a 
significant role in egg quality, 
Researchers are currently seeing 
the best egg quality (best larval 
survival) from fish in the “middle” 
age range, when before the 
“oldest” fish gave the best quality 
eggs.  It is imperative that this be 
further explored as the 
confounding effects of egg quality 
will make it very difficult to 
successfully test other treatment 
effects.  The researchers have 
proposed to add the examination 
of these differences in egg quality 
to the Year 2 scope of work. 



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: Year 5 completed; Year 6 ongoing 

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 current 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 the main goal. This project aims 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.  

DEVELOPMENT OF  
NEW TECHNOLOGIES 

Anticipated Benefits 
 
 
This project will benefit the 
aquaculture industry directly by 
development of technology for a 
high-value, native aquaculture 
species. Since ‘opihi are heavily 
desired by the local community, 
having them available in the 
market has the potential to be 
very profitable. The indirect effect 
of increasing supply of fresh ‘opihi 
on the market would be reduced 
impact to wild ‘opihi fishery, as 
well as possible means for 
restorative aquaculture (stock 
enhancement).  
 
 
 
 
 

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 grow-
out 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 



Outcomes & Impacts 
‘Opihi are highly prized Hawaiian shellfish. In order to aquaculture 
‘opihi, we needed to close the life cycle. Since there is no 
documentation of this ever being achieved, we were tasked with 
creating methodologies to rear larvae into adults in hopes of closing 
its life cycle. Natural spawning and larval rearing methods were 
previously developed. Currently, settlement trials are being 
conducted to understand parameters for grow-out of seed. New life
-history information will be published and disseminated for use in 
aquaculture production and conservation of ‘opihi. A higher level of 
control during settlement improved results this year and will 
support progress in future research efforts.  

Progress to Date 
Due to the issues encountered that have prevented successfully 
growing-out an F1 generation, spawning and settlement trails are 
still needed for this season. Several modifications have been made 
to the lab over the course of the summer. Water quality has been 
improved for the grow-out system by adding a 0.35µ filter to our 
seawater reservoir in addition to a UV sterilizer. The addition of 
glass settlement plates and wave fans will help to increase 
settlement and provide more natural conditions. Over the course of 
the next spawning trials, samples from each female spawn will be 
taken prior to fertilization to evaluate egg quality. The egg quality 
will be directly correlated to the development and survival of the 
larvae.  
 
Work is currently being done to determine the remaining materials 
needed to turn this project into a viable aquaculture production. A 
business plan will be generated to identify the start-up costs (ie. 
Materials and supplies), projected income, when profit is expected 
to start and the approximate duration of the start-up.   
 
This project has trained/mentored four students in the past year, all 
of whom presented at the Undergraduate Showcase for 
Undergraduate Research at UH, and has hosted multiple lab visits by 
researchers and student groups for outreach. 

Publications & Presentations 
See full report in Appendix 

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 
 
 
 

 
Challenges Encountered and/or 

Changes to Direction of Research 
 

Challenges related to water 
quality have been resolved, and a 
critical bottleneck at day 15 post 
hatch has been improved. 
However, the primary challenge 
remains bringing the larvae 
beyond 30 days post hatch. The 
research group continues to work 
on overcoming this challenge. 
 
 
 
 
 
 



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: Ongoing 

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 is 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. 

EXTENSION SUPPORT TO FURTHER 
INDUSTRY DEVELOPMENT  

Anticipated Benefits 
 
 
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.  
 
 
 
 
 
 
 



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

Progress to Date 
A PCR technician was procured; she is experienced working with 
shrimp pathogens in a diagnostic laboratory setting and is well-
qualified to perform the work.  
 
A QMS System has been developed and implemented. Over 80 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. They are 
being reviewed by the Pis for completeness and clarity. Internal 
audit schedule is developed. 
 
Kathy Tang, former director of the UAZ reference laboratory, 
conducted training for UHADL and HDOA personnel for shrimp 
pathogens, gross and microscopic pathology, and molecular 
diagnostic testing in May 2019. SOPs for the seven listed OIE 
diseases were developed; in addition, assays for spherical 
baculovirus (MBV) and Baculovirus penaei (BP) were developed and 
validated. A proficiency test for the seven listed OIE diseases (WSSV, 
TSV, YHV, IHHNV, IMNV, NHP, and AHPND) was successfully 
completed, demonstrating the quality of testing capabilities by 
laboratory staff. Parallel test samples were analyzed in August using 
real time and conventional PCR techniques to compare with the UAZ 
reference laboratory.  
 
An update on the laboratory’s progress was provided to attendees 
of the Hawaii Aquaculture and Aquaponics Association conference 
in August 2019. 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. 

Publications & Presentations 
None to report 

 

Additional Participants 
 
 
 

Lei Yamasake 
Hawaii Department of Agriculture 

 
 
 

Jinzeng Yang 
University of Hawaii at Manoa 

 
 
 

Karin Kurkjian 
University of Hawaii at Manoa 

 
 
 

Kathy Tang-Nelson 
 
 
 
 
 

Challenges Encountered and/or 
Changes to Direction of Research 

 
The research group has 
experienced a delay with 
submitting their application to the 
USDA, and will proceed as soon as 
all required data has been 
collected and prepared. 



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 ongoing 

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).  
 
With funding from CTSA, Dr. Moss (PI) 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 
Hawaii. 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.  

DEMONSTRATION AND ADAPTATION OF 
KNOWN TECHNOLOGIES 

Anticipated Benefits 
 
 
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).  
 
 
 
 
 



Outcomes & Impacts 
Results will provide critical information on commercial scale culture 
of M. sanguinea (e.g. production per unit area) and provide a 
comparison of shrimp broodstock performance when feed cultured 
M. sanguinea or commercial available, frozen polychaetes.  

Progress to Date 
A 125-m2 raceway was recently prepped and filled with 20 m3 of 
sediment.  Neither beach sand nor small coral rubble were available 
locally in large quantities, so small pea gravel (of volcanic origin) was 
used instead. Worms have been successfully cultured in sand and 
small coral rubble at Oceanic Institute (OI). Culture of worms in pea 
gravel has not been previously attempted at OI; however, the pea 
gravel is roughly the same size as the previously used coral rubble so 
no significant problems related sediment type are anticipated.  
 
The raceway is currently being seeded with larvae from two 
“broodstock” tanks. These tanks are ~6 m2 and contain established 
M. sanguina populations. Effluent from these tanks (containing 
planktonic larvae) empties into the 125-m2 culture tank. Effluent 
will be collected multiple times during the first 30 days to estimate 
the number of larvae seeded in to the culture tank.  

Publications & Presentations 
A factsheet and/or article summarizing research to industry stake-
holders is in preparation. 

Additional Participants 
 
 

Bell Lin 
Oceanic Institute of HPU 

 
 
 
 
 

Challenges Encountered and/or 
Changes to Direction of Research 

 
Work on this project was delayed 
as the PI waited on facility repairs/
modification to the commercial-
scale production tanks to be 
completed. The repairs were 
completed in late summer 2019. 
The tank has since been filled with 
sediment and is being seeded with 
worm larvae/juveniles.  
 
 
 
 
 
 
 

Objectives 
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. 



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 Ongoing 

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 will 
continue those efforts, and also investigate feeds for land-based 
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.  

DEVELOPMENT OF  
NEW TECHNOLOGIES 

Anticipated Benefits 
 
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 land-
based 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.  
 
 



Progress to Date 
Despite some initial setbacks and the overall difficulty of performing 
this work, good progress has been made. During the 2019 hatchery 
production season (February to September) multiple attempts were 
made to make oyster larvae using fecund and less fecund triploid 
females mated with diploid males to make tetraploids. Getting to 
the next step in ongoing bivalves research, i.e. obtaining tetraploids 
to produce the next generation of 4N x 4N, or 4N x 2 N for 
commercial production, takes quite a few spawning attempts. After 
multiple trials, three cohorts were produced from fecund and non-
fecund triploid females.  
 
The land-based fattening system has been operating well and is 
stabile in terms of being able to “fatten” oysters to a suitable degree 
in about two months using a combination of cultured algae, Reed 
Mariculture Shellfish Diet and fish effluent.    
  
A few formulations of high carbohydrate diets were made using low 
cost paint spray guns and initially this showed some promise as 
small, floating pellets could be made. However, the pellets were 
also very soluble, and we were not able to keep them intact long 
enough not to lose the majority of them through dissolution before 
they could be ingested by the oysters. Dr. Chris Langdon has tested 
a few high carbohydrate feeds and is continuing the work at OSU.  
 
To date, twelve UHH student research assistants have been involved 
in this work either through working on the 4N production or 
through training on use of the land-based fattening system. 
Researchers have also been working with the newly formed Hilo 
Aquaculture Cooperative (HAC), who have been operating the land-
based fattening system and rearing spat for it.  

Publications & Presentations 
Dr. Divilov plans to present the results from the development of the 
qPCR at the Aquaculture America conference, Feb. 9-12, 2020 and 
Dr. Haws will present findings from the work with the land-based 
fattening system.  

Additional Participants 
 
 
 

Forrest Petersen 
Hawaiian Shellfish LLC 

 
 
 

 Daniel Wilkie  
University of Hawai’i at Hilo 

PACRC 
 
 
 
 
 

Challenges Encountered and/or 
Changes to Direction of Research 

 
Some difficulties were 
encountered with the work as the 
original collaborator on this work, 
Dr. Nolwenn Dhielly, moved from 
Stonybrook to France and could 
no longer conduct the work. The 
research group therefore had to 
seek another collaborator and 
finally executed a services 
agreement with Dr. Konstantin 
Divilov, Agriculture Research 
Station, Oregon State University. 
Dr. Divilov works closely with the 
OSU Molluscan Broodstock 
Program directed by Dr. Chris 
Langdon, who provides the 
broodstock for this work, so some 
additional synergy may result 
from this arrangement.  



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 Ongoing 

Purpose of Research 
The mangrove crab, also called mud crab, is a highly valued 
seafood species and is widely distributed throughout the Pacific 
regions. 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 nutritional-balanced feeding protocol and 
minimizing the cannibalistic behavior of the crablets in the 
nursery systems. The aim of this project 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) 

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 moulting 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. 

DEMONSTRATION AND ADAPTATION OF 
KNOWN TECHNOLOGIES 

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. 
 
 
 
 
 



Outcomes & Impacts 
Crablets that will be produced from the experiments will be given to 
individuals who are interested to learn how to farm mangrove crabs 
in fish ponds and pens inside the mangroves in Palau. Other crablets 
will also be used for releasing in support of the mangrove crab stock 
enhancement program on the island.  

Progress to Date 
On November 18 2019, a 21-day experiment using 100L capacity 
tanks was conducted to determine the effect of different 
combination of background algae that will nourish the rotifers and 
Artemia during the larval rearing of mangrove crabs.  The different 
kinds of algal diets include the frozen micro-algae paste products 
(Reed Mariculture) such as the Nannochloropsis (Nanno 3600), 
Tetraselmis (Tetraselmis 3600), Isochrysis (Isochrysis 1800), 
Thalassiosira (TW 1200), Spirulina powder and live algae 
Nannochloropsis and Chaetocerus muelleri (CM).  
 
Results of the experiment revealed that at15 DAH, the larvae fed 
with frozen algae mix plus the addition of live diatom Chaetoceros 
mulleri got the highest survival rate of almost 100%, while those 
reared without background algae got the lowest. Most of the larvae 
in tanks fed with algae paste (Treatment B and C) have already 
started molting at his age. The larvae reared without using OTC on 
the other hand did not survive at this age.  
 
At 17 DAH, most of the larvae in tanks fed with frozen algae mix 
have already molted to megalopa stage.  However, in this case, the 
survival rate dropped dramatically to less than 40%. At Day 19, 
during the counting of samples no dead zoeae nor megalopae were 
observed.  This gives the impression that the mortality may be 
caused mainly by cannibalism.  On the other hand, while most of the 
larvae in other treatments with Live Nanno and Live Nanno + live 
CM (Treatment D and E) were still on late zoeae stage, the density 
still remained at above 50%.  Many dead zoeae and megalopae 
were observed in these tanks.  This may be an indication that the 
larvae in these tanks have been affected by the molting death 
syndrome. 

Publications & Presentations 
None to report 

Challenges Encountered and/or 
Changes to Direction of Research 

 
There has been difficulty with 
executing the contract with 
University of Guam, which has 
caused significant delays. Dr. Hui 
Gong is working to resolve the 
issue. There have also been delays 
related to equipment and supply 
procurement. The PI is working to 
resolve the issues. 
 
 
 
 
 
 
 



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: Year 1 completed; Year 2 ongoing 

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 is aiming to 
improve upon the recent successes by incorporating the latest 
developments in larval rearing approaches used for other 
marine reef species, and to also improve egg production and egg 
handling procedures so that egg supply is no longer a limiting 
factor. 

Target Audiences 
Existing and potential aquaculture farmers, students, women’s 
group, traditional leaders, government officials and policy 
makers who are interested on the farming of rabbitfish in Palau. 

Objectives 
Objective 1: Refine broodstock holding and egg handling techniques 
for Siganus lineatus to facilitate more reliable egg supply and hatchery 
production. 
Objective 2: Improve larval rearing protocols for Siganus lineatus to 
increase larval survival and production of juveniles. 
Objective 3: Scale up production of Siganus lineatus and to provide 
sufficient number of juveniles for subsequent grow-out at local farms. 
Objective 4: Provide onsite training to local stakeholders on Rabbitfish 
broodstock handling and hatchery production methods. 

DEMONSTRATION AND ADAPTATION OF 
KNOWN TECHNOLOGIES 

Anticipated Benefits 
 
 
Commercial scale production of 
rabbitfish fingerlings will be 
established and each year, at least 
100,000 rabbitfish fingerlings will 
be delivered to local fish farms.  
 
At least 10 local participants will 
be trained on how to maintain 
rabbitfish broodstock and run a 
hatchery to produce rabbitfish 
fingerlings.  
 
 
 
 
 



Outcomes & Impacts 
Due to delay on the availability of eggs, a no cost extension for the 
project to end on June 30, 2020 was requested and was approved 
by CTSA. A rabbitfish hatchery training will be implemented by 
March 2020.  

Progress to Date 
Two 6-ton capacity tanks were set up to keep the new batch of  
rabbitfish broodstock and spawners at  the PCC hatchery in 
Ngeremlengui State, Palau.  Each tank was stocked with thirty 
hatchery produced juveniles weighing more than 150g with a sex 
ratio of 1 male : 2 female. Spawning was monitored every 5 days 
before and after the full moon phase of each month.  There was no 
spawning from March to September 2019. On October 15, 2019, 
some of the rabbitfish broodstock were found gravid with bulging 
belly. Two female and two male fish were collected and transferred 
to the 1ton capacity black colored circular polyethylene tank for 
spawning. Their eggs hatched on the next day and a total of  
384,000 larvae were collected. The total amount of larvae were 
stocked into two 5tons capacity larval rearing tanks. The larvae 
started to metamorphose to fingerlings at 35DAH and a total of 
6,250 pcs fingerlings were harvested.   
 
These fingerlings have been transferred to nursery tanks to further 
grow them for distribution to local farmers. The next hatchery run 
will be conducted when the fish will spawn on the full moon of 
December 2019.   

Publications & Presentations 
None to report 

 

 

Challenges Encountered and/or 
Changes to Direction of Research 

 
There have also been delays 
related to the procurement and 
shipment of feed and other 
necessary materials and supplies. 
Broodstock are not spawning 
consistently, likely as a result of 
the feed issue. The PI and Co-PI 
are working to resolve these 
challenges.  
 
 
 
 
 
 



Aquaculture Information Services  
for the Pacific Region 

Funding Level: $58,481 (1 year) 
Lead Institutions: CTSA  
Principal Investigators: Cheng-Sheng Lee and Meredith Brooks 
Status: FY17 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 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.  

INFORMATION DISSEMINATION 

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). 
 
 
 
 
 



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. 

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 50,000 unique views (combined).  
 
The CTSA website (www.ctsa.org) was maintained on a regular basis 
through this project to include regional announcements, news 
stories, and other pertinent information for regional aquaculture 
farmers, researchers, and stakeholders.  

Publications & Presentations 
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 (including CTSA Publications #164 and #165, produced in 
2019). 

Additional Participants 
 

Maggie Ma 
CTSA 

 
 
 
 

Challenges Encountered and/or 
Changes to Direction of Research 
 

None reported 
 
 
 
 


