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‘New blood, new ideas’

Randy Weir, new co-owner of Tropical Ponds Hawaii, his son Nate, and
production manager Mark Bornheimer stand in front of what will become
a temporary-pair hatchery at the 13-acre ornamental fish farm.

The canopy of Albizia trees, dense and splendid above Highway
132 near Lava Tree State Park, lent their drive positive portent.
Randy and Sarah Weir had come so far, and, on that April afternoon
in 2007, they were only a mile away from a fish farm that could be
the key discovery in a quest that they had started six years before.
“We had been driving for more than two hours,” says Randy, who
heard about Tropical Ponds Hawaii for the first time that morning
and decided almost immediately afterwards to go see it, which meant
traveling from their home on the other side of the Big Island. “Those
trees were so beautiful; I had a good feeling,” says Sarah.

His impulse, her omen: Their first visit sounds serendipitous.
Yet chance has little to do with where they stand 10 months later.
The young couple, with four kids in tow, is giving me a tour of the
13-acre farm in Pahoa for which they are now majority owners. Bob
Kern, who founded Tropical Ponds Hawaii (TPH) in 1995, retains a
10 percent stake and production manager Mark Bornheimer received
5 percent in the deal that closed on Dec. 18. The Weirs also bought
Kern’s home in the Hawaiian Acres neighborhood.

 “We just need the fish, a bunch of them,” exclaims Randy
Weir, smiling but obviously exasperated. My tour is over, and we’re
sitting in the farm’s small office. He points out his central challenge:
producing more fish, in terms of both quantity and diversity.

Of course, six acres of ponds can hold a lot of fish, and TPH is
one of the largest freshwater ornamental farms in Hawai`i. But last
February the farm was struggling with an ongoing problem: not
producing enough fish to meet demand from current customers,
much less allow for picking up new ones. Consider that Dolphin
International, a Los Angeles transshipper and a TPH customer for
about six years, sells more than 5,000 bags of fish a week, and TPH
in the past has accounted for less than 1 percent of those fish. For
example, last February, TPH ran out of many varieties of fish and
sold only 78 bags to Dolphin, says Weir. Note: Ornamental fish are
typically sold in bags in the aquarium trade, and TPH sells between
50 and 600 fish per bag, depending on the fish.

“We’re a drop in the bucket. We’re working on changing that
situation,” he says. His energy and enthusiasm are infectious. He’s
pragmatic, too. Plans, ideas, and the steps already taken are easy to
talk about. Weir believes he can dramatically improve production

at TPH. He also knows there’s a lot of hard work and roadblocks
ahead. “The farm doesn’t work at this size. I’ve got to get us over
the hump,” he says.

Similarly, the ornamental fish business in Hawai`i as a whole has
come to a turning point. Not long ago, the sector, shinning with potential,
was a bright spot in the state’s aquaculture industry. Today, the bloom
is off. The number of ornamental fish farms dropped 43.3 percent from
30 to 17 from 1998 to 2005, according to the 2005 Census of Aquaculture
from the National Agriculture Statistics Service (NASS). Meanwhile,
statewide sales shrunk. Ornamental fish accounted for $345,000 or 1.6
percent of the $23.1 million total aquaculture sales in Hawai`i in 2006,
down 48 percent from the $664,000 or 2.6 percent of total state sales in
2002, according to the latest data published in September 2007 by the
Hawaii Field Office of NASS.

To put declines in perspective, understand that aquaculture sales
were down generally in Hawai`i in 2006, per the NASS field office, and
sales of ornamental fish fell nationally between 1998 and 2005, reports
the 2005 census. Florida, with an ornamental business that dwarfs that
of Hawai`i, lost a lower percentage of farms than did Hawai`i but still
saw a 41 percent drop in sales from 1998 to 2005.

What happened? Like many small businesses in Hawai`i,
ornamental fish farms grapple with the high cost of land and labor,
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Hawai‘i open-ocean aquaculture could add crustaceans
By Andrew Gomes, Staff Writer, The Honolulu Advertiser, February 17, 2008

Adding high-value co-crops to offshore fish farms could drive faster expansion of an
industry considered by some to be the answer to a growing global appetite for seafood
even as wild stocks continue to dwindle. Thus, this research idea: Bottom-feeding
crustaceans, such as Hawaiian lobster and shrimp, can conveniently live off the waste and
uneaten food falling from the fish into a separate cage below.

Some observers see a potentially enormous financial payoff if the research leads to
commercial lobster farming—especially if it includes the Hawaiian lobster, a delectable and
pricey creature that has become scarce in fish markets and restaurants because of commercial
fishery restrictions and depletion.

“This is a little bit of a long shot, but the potential is there,” says Spencer Malecha, a
professor of animal sciences at the University of Hawai`i at Manoa’s College of Tropical
Agriculture and Human Resources.

Malecha, a former North Shore shrimp farm owner, is the principal investigator for the
project, tentatively awarded a $25,000 grant from the state Department of Agriculture.
Partnering with Malecha are Waikiki Aquarium director Andrew Rossiter, UH Sea Grant
aquaculture extension agent Clyde Tamaru, and local open-ocean fish farmer Randy Cates.

NMC-CREES eyes inland grouper production in Paupau
By Emmanuel T. Erediano, News Staff, Marianas Variety, March 18, 2008
Inland production of grouper will be carried out in Paupau in the next few months, according
to Northern Marianas College’s Cooperative Research Extension and Education Service.

Michael M. Ogo, an NMC-CREES aquaculture consultant, disclosed in an interview
last week that a facility with a recirculating aquaculture system may be built in Paupau by
July. Ogo arrived two weeks ago from Taiwan, where he conducted research on baby red
grouper, which he said can be produced on Saipan.

NMC-CREES was awarded a $125,000 federal grant for a two-year study of the feasibility
of growing groupers on formulated feed with a recirculating system. Such a setup will
make grouper available year-round, not just in the March-to-June season, Ogo says.

The study will determine the potential of growing grouper on island, in order for the
CNMI “to capitalize” on the live grouper market, he says. Demand for grouper, which is
locally called inid or lapu-lapu, is growing in Hong Kong, Japan, and Singapore.

Plans for Gulf of Mexico fish farming under scrutiny
By Chris Kirkham, The Times-Picayune, April 06, 2008
A plan to allow industrial-scale fish farms in the Gulf of Mexico has come up against
strident opposition from environmental and fishing interests in recent months, forcing
federal fisheries regulators to revisit details about ecological health and safety.

At a meeting this week in Baton Rouge, regulators will resume discussions on
introducing offshore aquaculture to the Gulf. Regulators still must do an in-depth economic
and social assessment of the industry’s impact on the Gulf Coast, meaning a vote on the
measure is unlikely until late summer.

The Gulf of Mexico Fishery Management Council, a regional body of fishing industry
and government interests, is tightening many regulations for the Gulf after environmental
groups cried foul. New restrictions call for government inspection from the hatchery to the
point at which a fish is sold. Cages would have to be at least 1.8 miles apart from each other,
and any escapes would require investigation by the USDA and the World Organization of
Animal Health.

As drafted, the plan would set up 10-year permits, limited to U.S. citizens, for developing
fish farms in federal waters. Production would be limited to native Gulf species such as red
snapper or grouper, and shrimp farms would not be allowed.
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Thank you to those people who made
suggestions regarding research priorities for
the CTSA FY08 funding cycle. We
appreciate your effort and have incorporated
your ideas into our FY08 Call for Pre-
Proposals. The Industry Advisory Council
(IAC) and Technical Committee have been
evaluating submitted pre-proposals in light
of our FY08 priorities to ensure that funded
research meets the needs of the CTSA
region. Keep in mind that CTSA only funds
projects supported by a majority of the IAC.

Funding has remained essentially
unchanged for Regional Aquaculture
Centers since the program began more than
two decades ago. To maintain the greatest
impact, we must all work together to truly
focus funding choices on critical projects.
Projects, for example, should provide
deliverables that producers can and will use
to improve their business and survive in a
competitive global environment.



notes Dave Cohen, an ornamental fish broker/wholesaler and TPH
customer. Interviews with several sources reveal a clear part of the
answer: a steep investment curve. In other words, the time, money,
and effort required turns out to be higher than many expected.

 “Making this type of business work financially is not easy,”
says Patrick Vahey, a 30-year aquaculture veteran and owner of
Aquatics Hawaii, who is restarting his business at a Waimanalo
location with a focus on ornamental fish. Just one issue is the time
it takes to breed new species and varieties, he says, explaining that
goldfish cannot breed until they are two and a half years old. “To
make a good tropical fish farm, it takes many years,” he says.

“We were a bunch of hobbyists trying to go commercial,”
says Bob Kern, adding that accessibility to the West Coast market
didn’t come easily. Clyde Tamaru, an aquaculture extension agent
with the University of Hawai`i at Manoa’s Sea Grant College Program,
adds that return on investment has not been as high as projected
by research reports in the mid-1990s.

Their idealism is gone, but farmers speak with tempered hope.
“It’s not worked out like we thought, but the potential is still there,”
Kern says.

Randy Weir read the same scientific literature and industry
reports that helped build high expectations for the business of
culturing ornamental fish in Hawai`i. Also, the state’s year-round
mild climate proved more attractive than other options like Florida
or Utah, Weir says. Soon
after getting married, Sarah
and Randy in 2002 left the
rat race of Los Angeles
and moved to the Kona
side of the Big Island to
pursue their vision of a
different kind of life as
ornamental fish farmers.

Obviously, the couple
didn’t find a direct path to
their dream. “The costs at
Kona were not feasible,”
says Randy, referring to the
National Energy
Laboratory of Hawaii
Authority (NELHA). They
found work in construction
and discovered
AquaBid.com, an auction
Web site where they sold
fish that Randy bred at
home in aquarium tanks.

No wonder he was frustrated last February. “I’m not used to
having patience [and] having to wait to see if something I do is
going to help,” Weir tells me in a phone interview a few months
after my visit. “But that’s often the life of a farmer.”

Turns out, he didn’t have to wait too long to see an impact.
Production has doubled and doubled again, and TPH is adding
new customers, he reports in our latest interview. Back to the example

Tropical continued from Page 1
of Dolphin: offerings to that transshipper increased from 92 to 172
bags in April and from 250 to 417 bags in May, he says. “It takes
three months to produce fish,” says Weir, noting how this ramp up
relates to when he began implementing improvements. “That’s why
April is significant.”

“We’re happy with fish [from TPH],” says Dolphin sales
representative John Taube during an interview in March. “They
don’t have the same variety or same number of each variety, but
their fish are a nice, good size, and we never have a problem.” If
TPH had a greater quantity to sell, would he buy more fish from
TPH? “Yes,” Taube says. Dolphin has already picked up new
varieties, a few swordtails (Xiphophorus hellerii) and a guppy
(Poecilia reticulata), from TPH’s expanded inventory list, he says.

Still, Weir says he’d like Dolphin to buy more now that TPH
does have more to sell. Despite recent accomplishments, Weir
explains, he must demonstrate to Dolphin and other customers, old
and new alike, that the farm’s increased production and broader
inventory are not flukes. He’s leaving little to happenstance.

Twelve-hour days are the norm, and many are longer. And the
work can be tedious.

Try counting 26,000 fish in one day, and documenting the sex
and size of every one. On March 26, Randy and Sarah did just that,
recording the contents of just one of the farm’s 51 large production
ponds, which are each 20,000-gallon rectangular structures
measuring 16 feet by 100 feet. TPH also has nine 5,000-gallon and
20 8,000-gallon ponds. Fish in more ponds have since been counted,
both in total and by random bucket samples. Weir plans to eventually

document every pond and
every variety on the farm,
he says.

“From that data, we’re
actually automating
things,” he says.
Spreadsheets that he’s set
up help track when to
harvest and how many fish
to expect. “Before, we
couldn’t tell how many fish
were in a pond.”

Sea Grant’s Tamaru is
excited about the record
keeping at TPH. He’s
working with Weir to help
verify promising results
from experiments on
feminizing swordtails,
work funded in part by
CTSA. The swordtail is
one of the most popular
freshwater ornamental

fishes sold in the aquarium trade and one of the top two freshwater
ornamental fishes sold by Hawai`i farms.

Initially, Tamaru and his team looked into estrogen treatments
to meet goals for producing all-female lyretail swordtails. However,
the project has begun to look at feminizing even common swordtails,
after learning from farmers that their biggest production problem is
a skewed female:male ratio, which can be as high as 5:1, depending

Randy and Sarah Weir in February with Audrey (3), Nate (4), Maddie (2), and Sophie
(10 months) next to a pond holding gold gourami (Trichogaster trichopterus) fry.
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Large-scale transport of fingerlings—specifically moi,
the Pacific threadfin (Polydactylus sexfilis)

Kenneth K. M. Liu and Charles W. Laidley

Finfish Department, Oceanic Institute

This article was written as part of the work for the project titled, “Pacific Threadfin Fingerling Transport Technology
Development,” which was funded in part by the Center for Tropical and Subtropical Aquaculture under a grant from the U.S.
Department of Agriculture Cooperative State Research, Education, and Extension Service.

Introduction
Open-ocean cage culture has become a viable system for

growing marine fish fingerlings to market size at commercial
operations in the United States. Hukilau Foods of Oahu, Kona Blue
Water Farms of Kailua-Kona, Hawai`i, and Snapper Farms of Puerto
Rico, use hatchery-based technologies to generate, respectively,
large numbers of moi
(Polydactylus sexfilis), kahala
(Seriola rivoliana) and cobia
(Rachycentron canadum)
fingerlings for stocking large,
submerged growout cages.
Advantages of cage systems
include large capacity (stocking
rates currently are up to 200,000
fish per cage, each of which have
a volume of 2,400 m3) and
unlimited supply of high-quality
water, facilitating substantial
increases in operational scale.
Yet, scale-up has brought a need
to transfer extremely large
numbers of fingerlings from
onshore hatcheries to open-
ocean growout cages. Thus,
CTSA sponsored a two-year study of fingerling transport to identify
current limits for the safe transport of moi, also known as the Pacific
threadfin, and the critical transport factors affecting fingerling
survival. This report reveals our findings from that project.

Methodology and Results
Transport Test System.  After experimentation with several

test systems, our project team began using a relatively simple,
small-scale system, using 24 insulated plastic coolers (25-L working
volume) for simulated transport trials (Figure 1). Each cooler was

provided with an individually metered oxygen supply via in-tank
airstones. Dissolved oxygen (DO), pH, temperature, and salinity
were monitored using a hand-held, water-quality meter, and total
ammonia nitrogen (TAN) was determined on 1.2µm-filtered water
samples stored frozen at -5ºC and later analyzed using a Hach DR-
69 colorimeter. Tanks were agitated every 15 minutes to simulate

movement associated during
actual transport. In the first trial,
mortalities were placed into
cotton mesh bags within each
cooler, but, in later trials, plastic
containers with ¼-inch holes
were used to reduce fish
entanglement in the netting.

The use of a small-scale
system was necessary to
facilitate replicated scientific
study and to reduce the number
of fish required for
experimentation. This system
provided an effective approach
for determining optimal
transport conditions for juvenile
fingerlings, a technology that
should be useful for companies

working on other marine species, including kahala, also known as
the longfin amberjack, and cobia. However, even at this small scale,
individual trials required more than 5,000 fingerlings to examine
multiple treatments with adequate replication.

Effect of Transport Density.  A series of transport trials were
conducted to establish the density-survival relationship for the
Pacific threadfin under conditions currently used for moving moi
fingerlings from hatchery to offshore cages in Hawai`i. The objective
of this research was to (1) determine the highest density at which
moi fingerlings can be transported safely for periods up to 6 hours

Figure 1. The experimental fingerling transport system (above) used in
our study was composed of 24 insulated coolers, each with a 25-L working
volume and supplemented with individually metered oxygen supplies.
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and (2) establish the LD50 density (the
density at which half of the fish succumb to
transport stressors) for use in optimizing
transport conditions.

Early in a test trial, we experienced high
levels of mortality due to rapid depletion of
dissolved oxygen associated with the stress
of fish handling. This highlighted the
importance of ensuring oxygen levels are
monitored carefully throughout all stages
of a transport process, including during
transfer from fish tank to transport
containers. We also noticed a rapid
deterioration of water quality with a buildup
of mucous and scales released from handled
fish. In response, fish handling protocols
for transport studies were modified to
include an additional period of oxygen
supplementation and freshwater flushing of
fish transfer buckets during the movement
of fish from culture tank to transport tanks
and before stocking in the transport system
to ensure optimal water quality at the start
of the experiment.

Moi fingerlings were then tested at
transport densities of 10, 20, 30, 40, 50 g/L,
using approximately 4 g fish, with four
replicates per density. Dissolved oxygen was
maintained above 6.5 mg/L throughout
these trials. As was expected, data from these
trials demonstrated a strong density-
dependent effect of fish handling and
transport on short-term fingerling survival.
When moved under “standard” procedures typical of the trade,
researchers began seeing significant fingerling mortality at densities
greater than 10 g/L (Figure 2). Associated with increased mortality
was a rapid reduction in transport water pH (to 6.8 at 10 g/L and to
6.6 at 50 g/L) and an increase in total ammonia nitrogen (to 2 mg/L
at low density and 9 mg/L at high density).

Methods for IncreasingTransport Density.  In an effort to
improve transport survival rates or increase maximum safe transport
density, our next series of trials tested factors with potential for
improving overall transport success. Tested parameters included
(1) addition of a rinse step after handling but before stocking
fingerlings, (2) light anesthesia using 20 ppm MS222 to sedate fish
prior to handling, (3) reduction of water temperature 6–8ºC to slow
metabolism, (4) lreduction of salinity to 25 ppt to reduce osmotic
gradients across gills, (5) use of the ammonia chelator (Chloram-
X®) to remove toxic ammonia; and (6) use of  buffer (10 mM Trizma)
to reduce pH shifts. Trials were conducted essentially as described
earlier, with all transport tanks stocked at a single, relatively high
test density and run for 6 hours. Density tolerance seemed to vary
significantly between trials and/or batches of fingerlings, requiring
the need to repeat some tests using fingerling densities higher
than those densities used in our initial trials.

Overall, a combination of (1) using a rinse step after initial
fingerling handling to prevent transfer of poor quality water to the

transit system and (2) lowering transport
water salinity to reduce osmotic gradients
proved to be highly effective at improving
transport performance (Figure 3).

Although sedating fingerlings with
MS222 prior to handling and using a buffer
to reduce pH shifts had beneficial effects
for the first few hours, these effects
disappeared for periods over 4 hours.
Chemical ammonia chelation appeared to
have no effect. Unlike with other fish
species under culture, lowering water
temperature during transport of moi
fingerlings not only proved ineffective but
also significantly increased mortality rates
during transport, and, therefore, it should
be strictly avoided (Figures 3 and 4).

Optimal Fish Size for Transport.  The
movement of fingerlings from hatchery to
offshore cages is generally timed to
facilitate the use of the smallest possible
fingerlings that are large enough (> 2 g) to
be retained by cage netting materials.
However, rapid growth rates, along with
between-run and in-run size variation, lead
to significant variation in actual fingerling
size at the time of transport. Further, external
factors such as weather and staff
availability may also affect transport timing.
Therefore, we conducted a series of trials
to determine the effects of fingerling size
on transport durability.

Siblings from a single moi hatchery
production run were tested for transport survival at densities of 40
and 80 g/L under optimized transport conditions (i.e., fish rinsed
and transported at reduced salinity). Transport trials were conducted
with fish at mean weights of 5, 10, 15, and 25 g, with no fish being
reused in successive trials. In addition, we recorded fingerling
survival post-transport to account for transport-related mortalities

occurring over a 24-hour
period after trials were
completed. Trial results
verified size/age-related
changes in susceptibility to
transport stressors, as fish
demonstrated increased
tolerance for high-density
transport with increasing
size (Figure 5). Large
fingerlings exhibited greater
survival than their small
cohorts over the 6-hour
transport procedure, with
lower oxygen requirements,
less scale loss, and less
post-transport mortality.
Also noted were declines,

Figure 3. Improvements in fingerling survival
during high density (60 g/L) transport achieved
by (1) adding a rinse step to remove mucous
and scales prior to stocking in transport tanks
and (2) rinsing and lowering salinity to 22 ppt
during simulated 6-hour transport. Note that
lowering transport temperature (3) reversed the
beneficial effects of rinsing procedures and
repeatedly was shown to reduce transport
survival at high density levels.

Figure 4. Effects of lowering transport
temperature, MS222 sedation, Tris
buffer, rinse, and reduced salinity on
fingerling mortality rates during 6-hour
simulated transport at a 60 g/L density.

Figure 2. Time-course of transport survival
and changes in water quality (pH and ammonia)
during simulated transport of moi fingerlings at
transport densities ranging from 10 to 50 g/L.
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Tropical continued from Page 3

on the variety. Research results show a reduction from a ratio of 3:1
among untreated red wag swordtails to a 1.1 ratio among red wags
given feed laced with 500 ppm 17-estradiol.

With common swordtails, mature males have the “sword” or
elongated lower rays of the caudal fin. The male sex is the sales
driver, and for every male, two females can be sold. Because
regulations do not permit the estrogen-laced feed to leave the
Aquaculture Complex at the Windward Community College, Weir
is shipping fry to Tamaru in batches of 2,000, and Tamaru is sending
them back a month later for growout and breeding.

“If the treatment works, the impact will be obvious and clear,”
Tamaru says, estimating that he should have results by the fall.
“You’ll see it in his prices and inventory list.” Many involved are
thrilled that this research likely will not turn out to be another case
where academic studies and ideal lab conditions don’t translate to
real-world conditions. “In this case, we can actually do something
they can use right away,” he says.

Tamaru says he’s impressed with Weir’s drive and encouraged
by his youth. “It’s heartening to have not only new blood and new
ideas but also young blood in the industry,” he says, a few days
after a visit to TPH.

Randy, 31, is new to Hawai`i’s industry, but he’s been breeding
ornamental fish since he was a boy. As a teenager, he had up to two
dozen aquarium tanks in his bedroom, and at 17 he opened the first
of two pet stores in Silicon Valley. Later, he would work as an
accountant in L.A. but still find time to wrangle fish for movies.

“I’m delighted because great things are happening. Things
are getting done, and it’s exciting,” says Kern, adding that he’s
spending more time on the farm than he did before the sale. He held
onto the farm so long, he says, because he wanted to find the right
buyer: “Someone able to make the time commitment that I couldn’t.
Someone who believes in the business as much as I do.”

With a passion for fish and a mind for business, Weir is making
changes with a focus on results. Toward greater diversity, the first
change Weir made was adding a permanent-pair hatchery, providing
a home for the many cichlids and other egg layers that hepreviously
had held in tanks at home. A temporary-pair hatchery is planned.
TPH now has 50 varieties of fish, including 14 types of swordtails.

Another early addition is a holding area for saleable fish. Dozens
of 1,400-gallon, cinder-block tanks, which measure 20 feet by four
feet,  make fish more accessible and provide an in-between stage
between production ponds and the 20-L buckets in which fish are
purged before shipment. “The idea is to lower stress on fish and
streamline production,” says Weir, noting that the move freed up
11 of the farm’s largest ponds for growout.

He’s also working on expanding the TPH customer base. He’s
already added a third transshipper, and he hopes to have five
wholesalers and 50 retailers within a year. Retailers on Oahu, one
new target, have expressed interest in TPH fish, Weir says.

“A lot of it is marketing,” he says. He’s added more packaging
options for customers, and TPH is using AquaBid.com to test market
new varieties like its white swordtail.

Most recently, Weir says he’s begun to dispel a misperception
about the landed cost of ornamental fish from Hawai`i. On most of

its fish, TPH beat the landed cost of its most significant competition,
exports from Southeast Asia, an advantage that will improve as
transportation costs continue to rise with the price of oil, explains
Weir. “We compete by pointing out the landed cost of fish, and
letting customers see our quality for themselves,” he says.

Weir says he avoided a possible 100 percent increase in freight
costs after Aloha Airlines announced it was going out of business
in March by negotiating a deal with Northwest Airlines for shipments
from Honolulu to LAX; TPH now ships fish from Hilo to Honolulu
via Hawaiian Airlines.

Looking to add to the TPH crew, Weir sounds happy. He’s set
a goal of consistently shipping at least 100 bags per week by the
end of the year. For several weeks, TPH has been offering more
than that amount, but there’s more to prove. “Our inventory is way
up, our sales are slowly climbing,” he says. The Weirs, who have
demonstrated determination in their pursuit of the life they want,
understand their hard work won’t end soon.

TPH must grow or wither. Of the recent upswing in production,
Randy Weir says, “We had to go big. We had to put ourselves out
there and do it.” —Kathryn Dennis                                                L

Kathleen McGovern-Hopkins (top), an extension agent with UH Sea
Grant, and Randy Weir look at some of the original ponds put in at TPH
by founder Bob Kern about a dozen years ago. Production manager
Mark Bornheimer (bottom) and two farm employees use a seine to harvest
marigold swordtails from one of the farm’s 51 20,000-gallon ponds.
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Transport continued from Page 5

with fingerling size, in the benefits from the procedures of pre-
transport rinsing and lowering the salinity of transport water.
However, these age-related benefits of improved tolerance to high-
density transport stressors are countered by the increased biomass
needed to transport an equivalent number of animals. At the
extremely high transport density of 80 g/L, peak survival rates were
seen with large fish, but at lower densities (still extremely high)
small, 5 and 10 g, fingerling sizes appeared preferable.

Discussion and Summary
The goal of this project was to develop a practical test system

for a study of fingerling transport, identifying current limits to safe
transport for the Pacific threadfin (moi) and the critical factors
affecting fingerling transport survival. Our density research shows
that under standard (starting) transport conditions, Pacific
threadfin exhibit good survival up to densities around 10 g/L. Special
attention should be given to maintaining adequate oxygen levels
during stocking to counter stress-related increases in respiratory
rates. At densities higher than 10 g/L, survival was effectively
increased by exchanging transport water after handling fish to
remove released scales and mucous and by lowering transport water
salinity to 25 ppt.

A variety of treatments, including lowering water temperature,
adding an ammonia chelator, buffering transport water, and
tranquilizing fish with MS222 during handling, were shown to be
relatively ineffective. In fact, efforts to lower temperature during
fish transport, a standard method used with many other species,
led to survival rates for the moi that were dramatically lower than in
trials where temperatures were not lowered. Moi fingerlings also
demonstrated a significant size-dependent sensitivity to transport
stressors, with large fingerlings exhibiting much higher survival
rates than the small sizes at which fingerlings are currently shipped
to offshore cages. However, these benefits must be balanced by
the need to move an increased fish biomass, which counteracts
many of the benefits associated with improved survival rates. It

Figure 5. Effect of fish age/size on transport performance after 6 hours
of simulated transport. As they age and increase in size, fingerlings
clearly exhibit an improved ability to tolerate transport stressors with
increases in survival during transport and in recovery from transport
(left graph). However, the benefits of transporting large fingerlings are
countered by increased biomass when the same data is presented on a
basis of g/L (right graph).

remains unclear which factor(s) limit(s) increasing densities during
fingerling transport, an important area for future research.

This research should assist commercial hatchery operations in
their efforts to move fingerlings from hatchery to offshore growout
sites or to other islands. This period is a critical one, where mortalities
can be very costly but where erring on the side of caution can
cause major inefficiencies. This work, therefore, will allow industry
to increase fingerling density and efficiency with greater confidence
by lowering salinities and flushing tanks before moving fish.
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Around the Pacific
A team at the Guam Aquaculture Development and Training
Center (GADTC) has been working with specific-pathogen-
free (SPF) Penaeus vannamei for a number of years, and last
December it began its first major shipments of broodstock to
“six or seven” Asian nations, says researcher and professor
John Brown. One of the main hurdles for this project is
determining and obtaining the certification and other
paperwork necessary to export to each additional country;
this effort continues, he says. The hope is to develop shrimp
sales into a profitable business that can help make GADTC, a
unit of the University of Guam, less reliant on taxpayer support.
For now, the project is selling USMSFP post-larvae, but strides
have been made in establishing a breeding program at GADTC,
Brown says. Dustin Moss and Steve Arce of the Oceanic
Institute, for example, under CTSA support, have visited and
demonstrated how to artificially inseminate shrimp.
Rent-a-fish? Creating and maintaining a marine aquarium
requires a sizable investment in both time and money. So, to
help nudge people over those obstacles and broaden his
customer base, Richard Xie of Honolulu-based Hawaiian
SeaLife Inc. is now pitching service packages. Desiring tanks
for their restaurant, corporate office, or home, clients receive
not only installation of a beautiful aquarium full of ocean life
but ongoing maintenance and an evolving selection of fish.
The 10-year-old direct sales company specializes in importing
and exporting marine ornamental through a sales network that
involves 34 states and 27 nations. Check out the outfit’s latest
Web site at www.livingartrental.com. On it, Xie explains, “Our
vision is to franchise this aquarium service concept and build
a marine factory outlet in Hawai`i to provide better service to
our customers.” —KD         L
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The Center for Tropical and Subtropical
Aquaculture (CTSA) is one of five

regional aquaculture centers in the United
States established by Congress in 1986 to
support research, development, demonstra-
tion, and extension education to enhance
viable and profitable U.S. aquaculture.
Funded by an annual grant from the U.S.
Department of Agriculture’s Cooperative
State Research, Education, and Extension
Service (USDA/CSREES), CTSA integrates
individual and institutional expertise and
resources in support of commercial aquac-
ulture development.

CTSA currently assists aquaculture
development in the region that includes
Hawai`i and the U.S.-affiliated Pacific Islands
(American Samoa, Commonwealth of the
Northern Mariana Islands, Federated States
of Micronesia, Guam, Republic of Palau, and
Republic of the Marshall Islands).

In its 20 years of operation, CTSA has
distributed more than $11 million to fund

more than 205 projects addressing a variety
of national aquaculture priorities.

 Each year, the center works closely with
industry representatives to identify priorities
that reflect the needs of the aquaculture
industry in its region. After consultation with
appropriate technical experts, CTSA responds
with a program of directed research that has
these pre-determined priorities as the focus
of project objectives. CTSA’s board of direc-
tors is responsible for overseeing program-
matic functions. The center disseminates
project results through its print publications,
hands-on training workshops, and Web site.

CTSA is jointly administered by the
Oceanic Institute and the University of
Hawai`i. The main office is located at the
Oceanic Institute’s Makapuu Point site on
the island of Oahu in Hawai`i.

For more information, contact Cheng-
Sheng Lee, Ph.D., Executive Director, by tele-
phone (808) 259-3107, fax (808) 259-8395 or
e-mail (cslee@oceanicinstitute.org).
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