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1. Invite industry expert(s) to participate in a conference on marketing trends in
the freshwater ornamental fish industry.

2. Investigate use of carotenoids for color enhancement.

3. Validate techniques for artificial insemination of livebearers.

4. Determine minimum effective dosage of Ovaprim for induction of spawning.

5. Validate factors affecting the sex ratio in swordtails.

6. Conduct technology transfer activities.

Objectives

Principal Accomplishments

Objective 1 - Invite industry expert(s) to partcipate in a conference
on marketing trends in the freshwater ornamental fish industry.

The objective was completed during the previous reporting period and is
summarized again in this report. This project, in collaboration with the USDA’s
Initiative for Future Agriculture and Food Systems project, the University of Hawaii
Sea Grant Extension Service and the Hawaii State Aquaculture Development
Program, organized a workshop series that focused on the marketing of aquatic
products. It was held at the University of Hawaii’s Manoa campus and at Windward
Community College from September 12-14, 2002.

The overall goal of the workshop series was to introduce marketing concepts to
participants through the interactive process of developing a marketing plan and the
practical exercise of examining case studies from the aquatic product industry.
Some of the questions discussed were: What is marketing and what does it entail?
What are the techniques and methods that one can use to be more competitive?
What are the thought and planning process that enable one to do so?

Three main speakers and a total of 26 participants attended the workshop. Two of
the speakers were wholesalers: Mr. Mark Taylor of African Northwest Pets and
Supply in Seattle and Mr. Ron England of Worldwide Aquatics in Hawaii. England
and Taylor discussed their respective companies, what their expectations were if
they were to become repeat customers and what it took to survive doing business
in Hawaii. In addition, Dr. C.L. Cheshire of the University of Hawaii Pacific Business
Center presented the results of a marketing survey conducted under the auspices
of the Pacific Tropical and Ornamental Fish Project. A summary of the workshop

Two wholesalers and a
university business
development specialist
shared their advice
with ornamental fish
producers and hobby-
ists at a September
2002 conference.
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was also disseminated in CTSA’s Regional Notes newsletter and in the Hawaii
Aquaculture Association newsletter.

Objective 2 - Investigate use of carotenoids for color
enhancement.

During the previous reporting period, it became apparent that the use of natural
sources of beta carotene and astaxanthin were more effective in enhancing fish
color. In a collaborative effort, both Sanders Brine Shrimp Co. and Rolf C. Hagen
Inc. incorporated 2% of Spirulina PacificaTM and 1% NatuRoseTM into flake feeds.
The amount of the two algae used would characterize these as acute dosages
where an effect would be noticeable within two to three weeks. These were tested
with a variety of freshwater ornamental fishes courtesy of our freshwater ornamental
fish growers in Hawaii. Some of the fishes that were tested were: red velvet
swordtails, rainbowfish, 24K mollies, topaz cichlids, neon swordtails, discus, rainbow
sharks, pink gouramis and rosey barbs. Only a subjective test of whether the
treated feeds work was used, and in all cases, the treated feeds resulted in a
noticeable change in color in fish provided the feed. However, it is also clear that
what colors appear in a fish is dependent on the species, sex and state of maturity.
In other words, the prepared feeds enhance the natural coloration of the target fish
and do not add color as with dyeing a fish (e.g., glass fish).

During the reporting period, feed laced with 1% NatuRose was prepared by project
work group member Harry Ako and sent to Bob Kern (Tropical Ponds of Hawaii)
for field testing. Fish were fed ad libitum for a minimum of two weeks and sent to
Oahu for visual examination and photographing. Three species were tested during
the on farm trials and they were: red wag swordtails, rosey barbs and dwarf
gouramis. No differences could be detected by project work group members for
both the rosey barbs and redwag swordtails. However, a clear difference could
be detected between treated and untreated male dwarf gouramis.

Breeders of Siamese fighting fishes, Betta splendens, are also interested in the use
of the color enhanced feed produced by the project work group and have been
providing it on a trial basis during the reporting period. Elizabeth Hahn, an avid
breeder, utilizes the feed to enhance the color of her fishes which she enters in the
International Betta Congress shows and which have done very well. Her Web site
is at http://planet-hawaii.com//liz/betta/.

Objective 3 - Validate techniques for artificial insemination of live
bearers.

During the previous reporting period, the activities on validating the use of artificial
insemination were presented. To demonstrate the validity of the technique and its
possible utility in the mass propagation of lyretail swordtails, the project work

Promising results were
achieved using pre-
pared feeds for the
majority of  the fish
that were tested.
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Project researchers
successfully used
artificial insemination
to produce swordtails
with the homozygous
lyretail genotype.

group members embarked on the production of a homozygous individual for the
lyretail trait because this individual can only be produced via artificial insemination.
According to the Mendelian Law of Segregation, the expected ratio of a mating
between a common swordtail to a lyretail individual is 1 common : 1 lyretail. This
was statistically confirmed, and the observed ratio was consistent with the expected
1:1 ratio (chi square = 0.06, P>0.50) of how the transmission of the lyretail genes
to the next generation is being realized.

Progeny from the experiment were then grown out and virgin females that possessed
the lyretail trait were selected for artificial insemination trials. Using the artificial
insemination technique, male lyretail and female lyretail crosses were made between
November and December of 2001, and offspring were produced during January
through March 2002. These were grown out to be large enough so that their
phenotypes could be scored confidently. From the data available, three clutches
were found to have lyretail to common swordtail phenotypes that are consistent
with the expected 3:1 ratio. Equally important is that 25% of the lyretail individuals
should possess a homozygous genotype for the lyretail trait.

During the reporting period, one clutch (n=20) of lyretail offspring resulting from a
lyretail : lyretail cross, was placed with common male swordtails at a ratio of
3F:1M on June 28, 2002. The group was allowed to mate randomly with common
swordtails for one month. The females were then separated into separate aquaria
on July 22, 2002 and clutches of fry that were produced from each female were
reared separately and allowed to grow out to the point when their phenotype
could be scored confidently. One of the problems that we have consistently
encountered with lyretails is that it is very difficult to score individuals confidently
for either sex or for the lyretail trait unless they are grown old and/or large enough.
Of the 20 supposed females that were placed in spawning trays, six were found to
be male after growing larger. As of August 6, one female had not produced any
clutches and was removed from the testing program which resulted in 13 known
females that have been producing clutches since late July. At this writing, there
have been 30 clutches that have been produced and that are being grown out to be
scored. Of the lyretail females that we have been tracking, we have found three
females (F#2, F#9 and F#17) that have produced clutches that are 100% lyretail.
The expected number of homozygous individuals from 13 individuals is 3 and is
consistent with the observed ratio of homozygous individuals. Additional broods
are still being grown out and have not attained the size at which the lyretail trait can
be scored confidently. However, F#17 has had two clutches (n=6 offspring, n=58
offspring), both of which are 100% lyretail. The initial results confirm and validate
the inheritance of the lyretail trait and the use of the artificial insemination technique
for livebearers is a means to generate the homozygous individual. While the
inheritance of the lyretail trait has long been proposed to follow the dominant
recessive model, to our knowledge, the generation of actual homozygous individuals
for the trait has never been reported. The three females that have been determined
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to be homozygous, by progeny testing, for the lyretail trait marks a milestone in
fish breeding.

Using females resulting from a completely separate lyretail to lyretail cross, we
repeated the entire mating and progeny testing. In this instance, we had a total of
22 females that underwent progeny testing and we  found five homozygous lyretail
females. The expected number of homozygous females (25% of 22 = 6) is six
females, which is consistent with the expected number of homozygous individuals.
All of these results clearly demonstrate that the lyretail trait is a dominant characteristic
and is being inherited in Mendelian fashion.

Objective 4 - Determine minimum effective dosage of Ovaprim for
induction of spawning.

In January 2002 we began monitoring broodstock maturation of three freshwater
ornamental egg layers (tinfoild barbs, redtail sharks and rainbow sharks). Redtail
sharks and rainbow sharks were found to be sexually mature beginning in June
2002 and the tinfoil barbs in July 2002. At that time, all females possessed the
same size oocytes (approximately 1 mm in diameter) and expression of milt from
males could be accomplished by applying slight pressure to their abdomen. Tinfoil
barb males possessed planter tubercles, which resulted in a sandpaper-like skin
condition. Induction of spawning trials were initiated in August 2002. Only females
that possessed oocytes that averaged 1 mm in diameter and in which the germinal
vessicle were centrally located were used in the trials. Likewise, only males from
which milt could be extruded after applying slight pressure to the abdomen were
used in the spawning trials.

Five female rainbow sharks were injected with saline and placed with milting males
in a 40 gallon tub equipped with an airstone and sponge filter. This group served as
the control for the spawning trial and was conducted once during the testing period.
A spawning trial consisted of using the same doseage of Ovaprim on five individual
females with five males,  beginning with the manufacturer’s recommended dosage
for use of Ovaprim (0.5ml/kg body weight). The entire experiment was repeated
with redtail sharks.

Ovaprim, the induction agent that was investigated during the reporting period,
represents the latest development in spawning agents. It was decided that the
criteria for success of the spawning trials was to achieve induction of final maturation
and spawning without having to intervene by stripping and artificially fertilizing the
gametes. Both the rainbow sharks and redtail sharks underwent final maturation
and spawned naturally overnight using Ovaprim according to the manufacterer’s
recommended dosage of 0.5 ml/kg body weight. Fertilization was consistently
high >80% and fecundity ranged between 1,000 - 8,000 eggs per female. While
the rainbow sharks could also be spawned at a dosage of 0.25ml/kg body weight,
a more varied response in spawning was observed for the redtail sharks. At the

The manufacturer’s
recommended dosage
of Ovaprim is the
minimum effective
dosage for induction of
spawning in redtail and
rainbow sharks.
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Results indicate that
lower stocking densi-
ties will result in a
higher percentage of
males with the caudal
sword.

0.125 ml/kg dose,  both the redtail and rainbow sharks exhibited variable responses
in ovulation, and none of the fish spawned naturally.

From the results of the spawning trials, it is clear that the manufacturer’s
recommended dosage of 0.5 ml/kg body weight should be used for both the rainbow
and redtail sharks. In addition, the spawning can be conducted naturally, and it is
not necessary to rely on manual stripping and fertilizing of the gametes. The successful
spawning of the redtail and rainbow sharks allowed for the production of newly
hatched larvae and additional testing of hatchery procedures.

Tinfoil barbs were also investigated for their responsiveness to Ovaprim. Once
again, the criteria for success was induced final maturation and natural spawning
and fertilization. Assessment of the state of maturity of both females and males was
conducted as described for the rainbow and redtail sharks. Spawning trials were
conducted similarly as with the sharks, but larger spawning tanks (1200 L) needed
to be used for the spawning trials because of the size of the broodstock. As with
the shark trials, the recommended dosage was first used, and five females were
injected and placed in separate tanks and kept there overnight. While all of the
females ovulated at this dosage, none of them spawned naturally. At a dosage of
0.25ml/kg body weight, none of the females ovulated.

Objective 5 - Validate factors affecting the sex ratio in swordtails.

This objective was completed during the first reporting period . In summary, when
the possession of a gonopodium is used as a defining characteristic, there is no
significant difference that could be detected between sex ratio and stocking density.
However, when the presence of the caudal sword is used, it became apparent that
males with the  sword were more abundant among the larger size individuals.
These results indicate that processes that result in the larger individuals (e.g.,
stocking density) will also result in a higher percentage of male individuals possessing
the caudal sword.

The data was summarized in conjunction with density trials with other freshwater
ornamental fish species (gourami, guppy, topaz cichlids, rainbowfish and golden
tilapia). Interestingly, it appears that variations observed in overall survival and
growth at high densities is related to the species of fish being cultured. Tilapia,
topaz cichlids and the rainbowfish were found to be tolerant to high density situations,
whereas, guppies, swordtails and rainbow sharks were observed to result in lower
survival at higher densities. The lower survival also translates into large individuals
at the end of the growout period.

Objective 6 - Conduct technology transfer activities.

Site visits and workshops were conducted on a regular basis. In addition, the three
experiments mentioned in the last reporting period were completed and the findings
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Technology transfer
activities included site
visits, workshops and
experiments.

Impacts

As reported during the previous reporting period, the impacts for the marketing
workshop will probably not be felt immediately after the conclusion of the project.
It was designed to provide the most up-to-date information to Hawaii’s producers
regarding the expectations of the ornamental fish market on the mainland. From
that information, it remains to be determined how farmers will work collaboratively
to meet the expectations of the mainland market as well as the changes that are
ongoing in the transportation industry.

One market expectation that is already a given is that the fish produced will have to
be of the highest quality. The results of the color enhancers are a proactive approach
to address the issue of quality. Unfortunately, insuring that the fishes are of the right
color alone is only one aspect that defines good quality. It is, however, a means to
inform growers that there will need to be a great deal of attention given to quality if
this industry is to penetrate markets and sustain itself against outside competition.
It should be mentioned however, that there is clear evidence (C.L. Cheshire, Mark
Taylor and Bob Kern) that Hawaii’s fish are perceived as being of “good” quality
by buyers on the US mainland. Likewise, betta producer Liz Hahn employs the
use of color enhancing feed to insure that the fish she shows at the International
Betta Congress are of the highest quality, and her fish have succeeded in winning
several best in show awards. This modest beginning should be built upon to penetrate
the freshwater ornamental fish market.

The immediate impact of the lyretail work is the validation and demonstration that
homozygous individuals can be produced using this technique. The extension
activities (manual, workshops) provide an opportunity for farmers to become
engaged in the techniques used to improve and/or diversify their own stocks. In

were transferred to the public. The experiments were titled “First Feeding
Experiments with Freshwater Ornamental Egg Layer Fishes,” “Culture of the
freshwater cladoceran Moina macropoda” and “Large-scale recirculation using
red tilapia as model species.” Project work group members also collaborated with
Susan Matsushima of the Pacific Tropical Ornamental Fish Project (PTFOP).
PTOFP is funded through the Department of Commerce and overseen by the
National Sea Grant Program. Funding to Hawaii is through the Economic
Development Alliance of Hawaii (EDAH). It is anticipated that this will be the
beginning of a multi-year program, and for Year 2, there is $350,000 available in
funding support. A total of 55 concept statements were received and 35 invitations
for full proposals were sent out. During the reporting period, the 35 invited proposals
were reviewed by project work group members and 25 awards were distributed.
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order for a significant economic impact to be realized, it will clearly require the
development of additional technologies. Currently, the main constraint for lyretail
swordtail production is the method used to identify  homozygous individuals.
Classical progeny testing, which was used in this project, is too cumbersome and
time consuming to be of commercial value. What is clearly needed is gene
technology that can detect homozygous lyretail swordtails with a simple test, and
clearly, it is an area for future investigation. The incentive, however, is quite clear
because the lyretail swordtail is between three to five times higher in value than the
common swordtail, and the development of populations that produce 100% lyretails
will clearly have a significant economic impact.

The use of Ovaprim to induce spawning in various egg layers is a far more simplified
procedure than the traditional methods that employed a combination of human
chorionic gonadotropin and carp pituitary extracts. With a single injection, the
same results can be achieved. It is anticipated that the results of the investigations
will lead to a larger number of producers engaging in the production of egg layers,
and thereby diversifying the industry.

Validated factors affecting the sex ratio in swordtails have clearly indicated that the
size of the growout facility and stocking density will dictate the resulting sex ratio of
the swordtails produced. As the swordtails are one of the major freshwater
ornamental fish species being produced in Hawaii, it already has impacted the
industry by setting an industry standard that is being used in Hawaii. A greater
understanding of the development of simplified recirculating systems that can be
used in the production of freshwater ornamental fishes has also been acquired. As
freshwater resources become increasingly taxed (e.g., drought conditions), there
will clearly be a need to have additional strategies on the bioremediation of
freshwater for the production of the ornamental fishes.

Developed technologies that are produced under the auspices of the various
projects’ activities are of little value unless they are transferred to appropriate end
users. Likewise, the end users are an important source of feedback regarding the
utility of the developed technology as well as the other areas that are constraints to
the continued expansion and diversification of the industry. For that reason, the
extension component of the project remains as one of the major activities being
undertaken.
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