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Sustainable Aquaculture Development
in the Marshall Islands

The CTSA team just returned from a trip to the Marshall Islands,
where we hosted a workshop and checked on the status of our
ongoing moi project in Majuro. The workshop gave us a great
opportunity to meet with local resource managers and other
stakeholders interested in sustainable aquaculture development. It
also gave everyone a chance to tour the new hatchery, feed facility,
and growout cages developed under the CTSAsupported moi
project.

CTSA FY2015 Plan of Work Approved
by USDA

I am very pleased with the progress of the project, which is
accomplishing objectives thanks to the dedication of project
manager Ryan Murashige and the team he has established in
Majuro. Their work is proving the conclusion that I share in many of
my talks: that "willpower" is the key to successful aquaculture in the
Pacific Islands. I wish to express my sincere gratitude to Ryan and
his CoPI Mayor James Matayoshi for demonstrating what can be
achieved.
One of the key elements of development in the Pacific Islands is
capacity building, and so far this project is making great strides in
building a local aquaculture workforce. A highlight of the trip was
meeting all of the technicians who have been trained in husbandry,
larval rearing, growout, and feed making. In particular, I enjoyed
meeting the hatchery manager Sonya. She is a talented young
woman who is breaking barriers in her small island nation, where it
is uncommon to see a woman in a supervisory role. This puts our
program in the mainstream of the prevailing discussion on "gender
in aquaculture and fisheries" in Asia and the Pacific region.
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I am proud that CTSA is a part of this important work, and I look
forward to the continued success of the project. This month's issue
features an article about the trip and progress of the project; a
video is forthcoming this fall. As always, if you have any questions
or suggestions, please do not hesitate to let us know.
Mahalo,

ChengSheng Lee
Executive Director, CTSA

Sustainable Aquaculture Development in the Marshall Islands: Highlights
from CTSA Aquaculture Workshop and Ongoing Finfish Project in Majuro
by Meredith Brooks, CTSA
On August 15 and 16, CTSA together with Aquaculture Technologies Marshall Islands (ATMI) and
Oceanic Institute (OI) conducted a workshop on the island of Majuro. The purpose of the workshop
"The Future of Fisheries and Aquaculture in the Republic of the Marshall Islands (RMI)" was to
disseminate the results of two ongoing CTSA projects, and also discuss the current status and
future opportunities for sustainable aquaculture development in the RMI. The first day featured
slideshow presentations at the College of the Marshall Islands, as well as a tour of the ATMI feed

manufacturing facility and hatchery, while the second day featured a tour of the ATMI cage site in
Majuro lagoon.
The morning presentations were kicked off
with an introduction from Rongelap Mayor
James Matayoshi, CoPI of the CTSA
funded project "Development of Marine
Finfish Aquaculture, Aquatic Feeds, and
Training in the RMI for Sustainability and
Food Security." The threeyear project,
managed by ATMI, is aiming to develop
and transfer aquaculture technology in the
RMI, particularly the manufacturing of
locallysourced feeds and fish farming of
moi (Polydactylus sexfilis) and rabbitfish
(Siganus spp). CoPI Ryan Murashige
presented the results of the first year and
half of the ongoing project, while Dr. Zhi
Yong Ju shared the results of his ongoing
Workshop attendees
project at OI to categorize aquatic feed
ingredients available in the Pacific region. Dr. ChengSheng Lee discussed the value of sustainable
aquaculture development in the Pacific Islands, and Ramsey Reimers of RRE shared his personal
history of running an aquaculture operation in Majuro. Glenn Joseph of MIMRA discussed the
overall situation of coastal fisheries in the RMI, and Meredith Brooks of CTSA shared the program's
publications and educational information. Over a dozen local and regional industry stakeholders
attended the morning presentations and expressed appreciation for the networking opportunity;
several stayed on to join the tour of the nearby ATMI feed manufacturing facility.
Feed formulation and manufacturing is a critical factor to the success of aquaculture in the RMI and
the region, due in large part to the high costs of transportation. A primary accomplishment of the
CTSAsupported "RMI Marine Finfish" project to date is the development of a local, high quality
aquatic feed. During Year 1 of the project, the ATMI work group obtained and analyzed local
ingredients including breadfruit, swamp taro, and raw fish (scraps and bycatch). They then
developed five test diets using various combinations of the ingredients, and conducted a feeding
trial to test the diets against an established highperformance commercial feed. The trials found that
there were no significant differences between the fish fed the control diet and the fish fed the top
performing local diet. Accordingly, ATMI is regularly producing the local diet at their Majuro facility,
and workshop participants were invited to view the feed being made by local technicians.
Another accomplishment of the project that is
on display at the feed manufacturing facility, as
well as at the hatchery and cage site, is the
robust training program that Ryan has
implemented. To date, over 40 Marshallese
have been trained in a variety of skills,
including feed development (collection and
preparation of ingredients, manufacturing of
feeds) and fish husbandry (larval rearing and
nursery husbandry, biosecurity, broodstock
collection and maintenance, water quality,
observations and data collection, processing of
spawned eggs, feeding regimens), among
other tasks.
"An essential aspect of development that
CTSA strives to support throughout the Pacific
Islands is capacity building, whether it's
technology or human resources," stated
CTSA's Dr. ChengSheng Lee. "The ATMI
Marshallese technicians harvesting moi
training program has done a great job
developing a local aquaculture workforce. The next step will be keeping the talent in the region to
grow the local economy."
Aquaculture has had an ambitious yet challenging past in the Marshall Islands, mostly due to a lack
of skilled workers. Thanks to the ATMI project, the future is looking brighter. Out in the Majuro

lagoon at the project's grow out site, it is evident that the technicians enjoy their work and want it to
continue. Though shy during conversation, they are anything but timid once in the water, and take
great pride and care in managing and harvesting the fish being raised in the six 20meter cages
that are anchored in the lagoon.
"This project means a lot to us because it's about longterm sustainability," explained Mayor
Matayoshi. "We want to protect the environment and at the same time harvest fish for local people.
The opportunity for coastal aquaculture to help us do this is there, we just have to capitalize on it.
ATMI has been doing it for a few years and we are at a point where our investment is being realized
and we have created a successful product for others to follow."
ATMI is currently in commercial
production of moi and marketing their
weekly harvests locally. The CTSA
staff can attest to the high quality of
the end product (after sampling the
delicious moi sashimi while in
Majuro). Having succeeded with the
development of moi aquaculture
technology and feed, the work group is
now turning its focus to establishing
local aquaculture of rabbitfish, and is
also pursuing additional marketing
opportunities. "We are very pleased
with the results thus far," stated Dr.
Lee. "The hatchery Ryan and his team
have built is stateoftheart and has
Moi being fed and readied for harvest
the capacity to produce more than
what is currently needed for the operation. This presents a great opportunity for expansion at a
lower cost, which can result in more local jobs and an improved local economy."
CTSA will release a video this fall highlighting the project progress.

CTSA FY 2015 Plan of Work Approved by USDA  New Projects Will
Commence Shortly
The following three projects are included in the
recentlyapproved CTSA 2015 Plan of Work:

Improving Rabbitfish Seed Production
Capacity in Palau

Principle Investigator: Miguel delos Santos, Palau
Community College
The overall goal of the project is to improve upon
existing rabbitfish culture technologies in Palau,
with the main objectives of improving hatchery
survival and increasing subsequent fingerling
production of these highly important species.
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 growout. Recently,
methods for producing juveniles from hatcheryreared 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 aims 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.
Researchers propose that larval survival can be significantly improved through the use of copepods
as a primary live feed. This has been demonstrated with numerous other species and, most

recently, with grouper in the PCC facilities. Nursery rearing for rabbitfish fry will also be conducted
to determine the optimum stocking rate and appropriate feeds until they reach the juvenile stage.
Through improved egg and larval production and nursery rearing technique, large quantities of
juveniles can be produced for growout testing in facilities currently rearing milkfish, yielding
valuable data as to the economic feasibility of this approach. Finally, through the development of
improved hatchery protocols, local farmers and other stakeholders in the region will receive training
at the Palau Community College Multispecies Hatchery on all aspects of rabbitfish culture,
effectively transferring these methods directly to the local industry.

Improving nursery and growout culture of mangrove crab by minimizing
cannibalism and developing feed supplements

Principle Investigator: Zhi Yong Ju, Oceanic Institute
The overall goals of the project are to support the growing interest in mangrove crab farming in
Palau through the establishment of nursery and growout culture, and to advance aquaculture
techniques that improve survival rate and feeds efficiency. Farming the mangrove crab (Scylla
serrata Forskall) has become popular in Palau due to its high market demand and lucrative price.
Hatchery techniques have been successfully established through a mangrove crab seed production
project funded by CTSA in recent years. However, production of juvenile crabs is insufficient to
support the needs of the farmers. This is due, in large part, to low survival during the nursery phase
of production, which is mostly a result of cannibalism. Cannibalism is likely caused by high stocking
density, absence of shelter, elevated temperatures, or artificial diets. Providing shelter and using
feed supplements were reported to be effective methods to decrease cannibalistic behavior.
Performance during the growout phase of mangrove crabs culture is also hampered due to the
lack of reliable feed. Imported feeds, originally formulated for penaeid shrimp, have been used and
likely do not meet the nutritional requirements of the crab. There are many local algal, plant, and
animal products in Palau that may provide nutrients to the crab such as essential amino acids,
omegafatty acids, vitamin, minerals, and carotenoid pigments. These local ingredients may be
used to produce feed supplements for meeting the nutritional requirements of S serrata, in
combination with imported shrimp feed.
The objectives of this oneyear project are to improve nursery and growout performance of
mangrove crabs in Palau by 1) reducing cannibalism and 2) developing nutritive feed
supplements. Specifically, a nursery and growout trial will be conducted to verify the
effectiveness of different types of shelters used in previous studies on the survival of mangrove
crabs from postmegalopae stage to marketable size. In addition, local ingredients will be used to
produce nutrient feed supplements and a functional feed supplement; these supplements will be
added or sprayed onto feed pellets and a feeding trial will be conducted to examine their effects
on survival and growth of the crab.

Development of CostEffective Aquatic Feeds Using Locally Sourced Ingredients

Principle Investigator: Zhi Yong Ju, Oceanic Institute
The overall goals of the project are to develop costeffective tilapia feeds using locally
sourced ingredients, and to evaluate these feeds on a commercially relevant scale.
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. Currently, the Oceanic Institute of Hawai'i Pacific University (OI) is constructing a
Feeds Research and Pilot Production Facility in Hilo, Hawaii, and is expected to be operational in
October 2016. Successful operation of the new feed mill is dependent on research to support
largescale, commercial production of costeffective feeds using locally sourced ingredients. An
important step for the feed mill is to research the production of tilapia feed for the more than fifty
local farmers in Hawaii who use an estimated 180 tons of commercial feed each year. For over
15 years, OI and University of Hawai'i (UH) researchers have identified potential feed
ingredients from the Pacific region and analyzed them for nutritional composition. The database
for local feed ingredients that resulted from this effort includes information on proteins, lipids,
ash, moisture, energy, amino acids and fatty acids profiles, and mineral content. Laboratoryscale
tilapia diets have been made using these local feed ingredients and numerous tests have been
conducted on local tilapia species by OI and UH researchers. The tests showed better than or
comparable performance results compared to imported commercial feeds.
To develop a costeffective feed for aquaculture farmers in Hawaii and the U.S.affiliated Pacific
Islands, this project will use computer software to formulate feed based on the following criteria:
1) nutrient requirement of the target species; 2) nutritional quality of local ingredients; 3) unit
price of protein and carbohydrate ingredients; and 4) requirements for practical feed processing.

Tilapia will be used as the target species in this project for developing locally made, lowcost
commercial feed. The rationale for choosing this fish is due to the fact that there are many local
farmers of tilapia in Hawaii (both in monocrop farming systems and as the "fed" species in
aquaponics systems), and because the nutrient requirements and culture technology for this fish
are well understood. Development and production of commercial feeds for other important
target species of importance in Hawaii and the U.S.affiliated Pacific Islands, such as longfin
yellowtail (kahala), Pacific threadfin (moi), and abalone, will be considered in subsequent years
if funding is available.
AquaClip ~ Down on the fish farm: UHHilo making a splash with aquaculture
research projects
by Ivy Ashe, Hawaii TribuneHerald. August 7, 2016.
On a recent Wednesday, University of Hawaii at Hilo students Anne Sophie Marques and Albane
Parthenay headed out to feed the fish.
Working at the university's Pacific Aquaculture and Coastal Resources Center site in Keaukaha, the
pair donned gloves and picked up small plastic baggies of silvery sardines. They dropped the slim
fish into aboveground tanks, each containing more than 33,500 gallons of seawater.
In one tank, robust yellowtail (kahala) sliced the surface with their fins and gobbled up the food. In
another, large grouper gulped their breakfasts.
In a much larger tank  half a million gallons of water  yellowtail and grouper swam together, near a
burbling downweller of growing baby oysters, called spat, and an inwater cage of nonnative
snapper.
PACRC's latest projects, which it hopes to scale up in the coming years, focus on what sounds like
a misnomer: landbased aquaculture.
"That's kind of a different approach than most people do," said assistant professor Armando
GarcíaOrtega. The center began amplifying its efforts to research landbased systems about 5 1/2
years ago, after GarcíaOrtega's arrival, who had done similar marine research in Mazatlán,
Mexico.
The aquaculture most familiar to people involves offshore cages. In other countries, where
aquaculture is much more common than the United States, it has drawn controversy because of the
concentration of nitrogeonous fish waste polluting the water.
Landbased systems don't have such a problem. The waste detrimental to marine ecosystems can
be cleaned out of a tank and used as fertilizer for plants. In between cleanings, it nourishes other
tankdwellers, such as oysters and plants.
"What they're losing in the seas, we collect," GarcíaOrtega said. More than 1,100 pounds of sludge
was removed from the halfmilliongallon tank last year, he said.
The fertilizer is a useful byproduct, but it's the fish themselves who are the main focus.
Although Hawaii is an island state with an impressive history of fishing and fishfarming culture,
GarcíaOrtega said, "We are importing more than half of the seafood we are eating ... so, we are
trying to let people know the importance of getting that reversed. People don't believe it."
Read Full Article

The Center for Tropical and Subtropical Aquaculture (CTSA) is one of five regional aquaculture
centers in the United States established and funded by the U.S. Department of Agriculture's
National Institute of Food and Agriculture (NIFA) under grants 20123850019566 and 201438500
22241. The regional aquaculture centers integrate individual and institutional expertise and
resources in support of commercial aquaculture development. CTSA was established in 1986 and
is jointly administered by the Oceanic Institute and the University of Hawaii.

Center for Tropical and Subtropical Aquaculture, 41
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