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Objectives

Year 1

1. Identify, obtain, and purchase male seedstock of five strains of tilapia.
2. Evaluate the growth rate, survival, and FCR of the five strains under local

conditions in replicated hapa nets at the GADTC.
3. Obtain, import, and raise to sexual maturity broodstock of the five strains

for future determination of reproductive rates and estimation of the costs
of fry production at the GADTC facility.

Year 2

1. Establish a raceway-based hatchery at the GADTC with the
broodstock matured during the first year.

2. Determine the reproductive rates for each of the five tilapia strains
under investigation.

3. Determine the management requirements of each of the five strains of
broodstock in a raceway system.

4. Combine information on growth and reproduction of each of the five
strains in an economic analysis to decide which two strains will be
kept as the basis of a self-sufficient tilapia industry on Guam.

5. Conduct workshops to educate producers on the proper methods to
culture tilapia, using improved tilapia strains, and educate producers
on the management and operation of a tilapia hatchery.

Principal Accomplishments

Year 1

Objective 1: Identify, obtain, and purchase male seedstock of five
strains of tilapia.
Five strains of the most popular strains used in Asia and the United States were
identified.  These included Oreochromis niloticus var. Philippine Select,
Oreochromis niloticus var. Chitralada, Oreochromis niloticus var. GIFT,
Genetically modified Oreochromis niloticus (GMT), and Taiwan hybrid (O.
niloticus x O. mossambicus).

Tilapia Industry on Guam
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Five strains were purchased from importers and stocked into hapa nets at the Guam
Aquaculture Development Training Center (GADTC). Two ponds at a commercial
farm were stocked with the Chitralada and the Philippine Select varieties.

Objective 2: Evaluate the growth rate, survival, and FCR of the
five strains under local conditions in replicated hapa nets at the
GADTC.
Details of the results are presented in the Year 1 final report, which is available as
part of the CTSA 2004 Accomplishment Report or online (http://www.ctsa.org/
ProjectDetail.aspx?pID=1168). The Philippine Select strain showed the best
growth, followed closely by the Chitralada and the GIFT strains. Survival was
more than 95% in all groups.

Objective 3: Obtain, import, and raise to sexual maturity
broodstock of the five strains for future determination of
reproductive rates and estimation of the costs of fry production at
the GADTC facility.
Broodstock were acquired at the same time as male fry for the growth trials.
These were raised and used for the reproduction trials in the second year.

Year 2

Objective 1: Establish a raceway-based hatchery at the GADTC
with the broodstock matured during the first year.
The past use of hapa nets in a raceway (see Figure 2 at the end of this report) was
deemed inefficient and cumbersome. Two raceways have been cleared of hapa
structures and have been stocked with juveniles of the Chitralada and GIFT strains.
These will be sorted in January 2007 to achieve a stocking density of 1 fish per m2

and a sex ratio of 3:1 (female:male). Approximately, 1,000 broodstock would be
maintained in each of the two raceways. This setup is expected to provide an
average production level of 105,000 eggs/month/raceway or a total annual
production of 2.5 million eggs.

During this project, we also established a small-scale outdoor tilapia hatchery
system. This outdoor hatchery system, based on a hatching jar suspended in a
fry rearing tank, was developed to demonstrate space saving design for an
integrated hatching and fry rearing system. The system uses two McDonald
hatching jars suspended in the water of a 1,600-L tank. A small water pump
re-circulated water from the tank into the hatching jar to suspend eggs. Fry
hatch, and as they develop, they can swim out of the hatching jar directly into
the fry tank.



169nDecember 2006

Objective 2: Determine the reproductive rates for each of the five
tilapia strains under investigation.
The five strains were placed in hapa nets at a ratio of 3 females:1 male. Results were
not conclusive, since several strains were older and beyond optimum reproductive
age. Reproductive rates fell drastically midway through the year. More accurate data
will be obtained during the next year, when young broodstock will be evaluated in a
true commercial setting. See Figure 1 at the end of this report.

• Philippine Select females averaged 2.08 pounds each, and males averaged
3.46 pounds.

• Chitralada females averaged 1.04 pounds, and males averaged 1.61
pounds.

• GIFT females averaged 1.09 pounds, and males averaged 1.37 pounds.
• GIFT fish were stocked 16 weeks after the Chitralada and Philippine

Select started the reproduction trial.

Objective 3: Determine the management requirements of each of
the five strains of broodstock in a raceway system.
Management of the broodstock in a hapa-based hatchery system are similar for each
of the five strains. Management requirements have been determined for broodstock in
a hapa system at densities of approximately 1 fish/m2. These requirements are for utilization
of half the raceway and do not represent maximum utilization of water volume in the
raceway. However, within the hapa nets, there is a close approximation of requirements,
since water flow were kept to about 15 gallons per minute.

Water quality was maintained with the inclusion of aeration between cages. A couple of
cages that didn’t have aeration initially suffered mortalities. This problem was remedied
with aeration. All aeration was provided by the hatchery’s central air blowers and was
delivered to the raceway via a perforated pipe extending into the water from the main
air distribution line running along the top of the raceway wall.

Feeding should be kept to a maximum of 3% BW/day and should be adjusted as
determined by visual observation of feeding activity. A feeding regimen utilizing
five minutes of feeding time as a reference point would be more appropriate.
When several females are holding eggs in their mouth, feed consumption will
naturally decrease.

Replacement of females once they’ve produced eggs is recommended, since it
will reduce the time between egg production per female. A female should be
replaced with a female being held in a female broodstock holding tank. The ripeness
of the replacement should be checked by examination of the genital papilla. A red
swollen organ together with a plump abdomen indicates a mature female
approaching ovulation.

Tilapia Industry on Guam
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Replacement of male broodstock every month is recommended to provide a rested
male.

The management requirements of broodstock in a raceway and broodstock in
holding tanks will be more clearly defined during the next year. Management in
hapa nets was presented in previous progress reports but cannot be translated to
that required of a system of maximum stocking in a raceway.

Objective 4: Combine information on growth and reproduction of
each of the five strains in an economic analysis to decide which
two strains will be kept as the basis of a self-sufficient tilapia
industry on Guam.
An economic analysis of the system cannot be conducted due to the many changes
that occurred during the project period. Also, past efforts were in experimental-
size hapas and cannot accurately reflect the economics of a commercial operation.

It can be said, however, that the Philippien Select, Chitralada, and GIFT strains
showed similar performance. Additionally, the use of hapa nets in a raceway-
based hatchery system is not practical and would increase costs due to the added
effort needed to clean and change hapas on a regular basis. Hapas tend to develop
algae growth and trap debris and waste in the mesh, causing lifting of portions of
the hapa during daylight hours. More fish can be kept in the raceway if the entire
area of the raceway is utilized. A closer look at the economics of our raceway-
based tilapia hatchery system will be made during the next year.

Objective 5: Conduct workshops to educate producers on the
proper methods to culture tilapia, using improved tilapia strains,
and educate producers on the management and operation of a
tilapia hatchery.
The completion of the two workshops provides a nucleus of producers and
professionals that received information and hands-on training in either growout
technology or hatchery technology for tilapia. This effort extends to professionals
and farmers in Guam as well as to the Commonwealth of the Northern Mariana
Islands (CNMI). Leveraging of funds has brought additional support for a study
tour of aquaculture in Thailand. Professionals and farmers from Guam, CNMI,
and American Samoa participated in this trip. This trip provided additional
information and reinforced training done in Guam.

• One workshop with a total of nine local (Guam) producers was conducted
to educate them on tilapia production methods. All were using above-
ground tanks or had plans to begin production.

• One workshop was held to educate farmers and professionals on tilapia
hatchery methods. Four professionals from the CNMI, specifically Tinian
and Saipan, attended. Also, three farmers from Guam attended.
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Impacts

Five new strains of improved tilapia have been introduced to Guam. All were
previously imported before the start of the project. The strains were selected
based on their known popularity in aquaculture throughout Asia and the United
States. These improved strains and, more important, the establishment of ties to
important aquaculture research, education, and hatchery production entities in
Thailand, Taiwan, and the Philippines were made. From the stocks cultured and
propagated, more than 13,000 fry were distributed to farmers in Year 2. Farmers
have been happy with the performance of the new strains and are eager for intensive
hatchery production to begin.

This project has established a sexually mature broodstock of five strains at the
GADTC.

• All five strains were cultured to maturation. However, only the two deemed
worthy of expansion were maintained.

• A breeding population of two strains has been established at the hatchery.
More than 4,000 juveniles of the Chitralada strain and more than 2,000
juveniles of the GIFT strain are maturing. Onset of egg production is
expected as soon as February 2007.

• Hatchery setup and advanced training in tilapia hatchery technology was
received as a result of a WSARE grant in Professional Development.
From this advanced training, a tilapia hatchery design has been made using
hatching jars, fry rearing trays, and advanced broodstock management.
These protocols will be refined and published in a tilapia hatchery manual
in the next year of this project.

Other impacts include the following outcomes:
• The aquaculture industry has been looking for relief in the effort and cost

of procuring tilapia fry from foreign sources. This project has provided
solid evidence that a local source of tilapia fry is possible and that the
quality of the stock is proven. The industry is now waiting for increased
production to meet the demand of commercial farmers on Guam and other
Pacific islands in the CTSA region.

• The fear of introduction of disease is a major concern, and it’s one concern
that is directly addressed by this project. Although a prohibition on tilapia
imports is not a recommendation at this point, ample supply locally provides
good impetus to purchase from a local source.

• One local tilapia breeder has received more than 200 tilapia broodstock of
two strains and has incorporated them into his small-scale hatchery program.

• Import substitution, resulting from the completion of this three-year project
next year, could bring a direct impact to the economy of Guam. If only 1
million imported tilapia fry are replaced by locally produced fry, it will

Tilapia Industry on Guam
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result in a minimum of $30,000 remaining in the economy. This figure
represents about 50% of the demand for tilapia fry. The hatchery is
expected to produce a maximum of 2.5 million eggs per year (1.25 million
fry @ 50% hatch and survival rate).

• Two local farmers have expressed interest in pursuing a commercial tilapia
hatchery in the future.

Recommended Follow-up Activities

1. It is imperative that 1.5 FTE be added to the hatchery budget for the
continuation of the tilapia hatchery after the end of project funding. Research
assistants now working on the project are receiving valuable training and should
be retained in a permanent capacity.

2. Upgrade the capacity of the GADTC, especially in the area of freshwater
flow and uninterruptible power supply.

3. Seek other sources of improved tilapia around the region, especially red
varieties.

4. Conduct a program of selective breeding to improve tilapia stocks.
5. Build capacity of hatchery personnel, providing training opportunities in

hatchery technology and genetics.
6. Research production of locally produced tilapia feeds.

Publications in Print, Manuscripts, and Papers
Presented

None to date. A draft of a hatchery manual is in preparation.
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Year 2 Tilapia Egg Production
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FIGURE 1: Tilapia egg production during Year 2. Next year, young broodstock will be
tested under a true commercial setting.

FIGURE 2: Hapa nets
form the basis of this
raceway breeding system.
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