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Marine Ornamentals Phase II

Aquaculture of Marine Orna-
mental Species, Phase II: Tech-
niques for Large-Scale Produc-
tion of Pygmy Angelfish, Year 1

Objectives

General Information
January 1, 2004–September 30, 2004Reporting Period

Funding Level Year Amount
1 $100,000

Charles W. Laidley, Ph.D.
The Oceanic Institute (OI)

Participants

1. Validate husbandry procedures developed for large-scale production of flame
angelfish eggs.

2. Assess the reproducibility of preliminary mass rearing techniques developed
for flame angelfish larvae.

3. Develop appropriate weaning protocols for juvenile flame angelfish.

4. Disseminate information on flame angelfish culture techniques and rearing per-
formance.
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Anticipated Benefits

5. Optimize culture conditions for zooplankton suitable as prey for marine orna-
mental fish larvae.

Successful completion of this project will assist the aquarium industry by providing
hatchery techniques to culture several species of marine ornamentals, thereby
offering a more environmentally sustainable alternative to wild collection practices.
Consistency in production would ensure a solid base for development of an industry
and transfer of reliable technologies. Techniques to mature and spawn the species
chosen could be transferred to other highly desired ornamental fish, allowing for
the rapid development of new aquacultured species. Several benefits, apart from
cost savings, will accrue to the industry from the financial investment in research
and development of captive propagation, including new economic development,
job creation, and an increased emphasis on the importance of maintaining coastal
resources. Additional economic benefits will flow throughout the industry,
strengthening aquarium and pet retail stores and benefiting consumers with health-
ier fish.

Work Progress and Principal Accomplishments

The initiation of Phase II of the Marine Ornamental Project—techniques for large-
scale production of pygmy angelfish—was targeted for early in 2004. However,
storm damage to the Doherty Research Hatchery Facility and slow progress in
commissioning the new flame angelfish broodstock systems have delayed project
initiation.

Objective 1: Validate husbandry procedures developed for large-
scale production of flame angelfish eggs.

The commissioning of the environment-controlled broodstock system (funded from
other funding sources) for broodstock population expansion is nearing completion.
The system is being installed in an insulated room and includes a series of sixteen
500-L broodstock tanks provided with a constant supply of reconditioned OI
well water (Figure 1, left panel). The water reuse system consists of an 18" cyclobio®

fluidized sand biofilter, a 50 gpm RK2 protein skimmer with 200 mg ozonation
unit, 180 W UV sterilizer, charcoal filter, and 2 hp Aqualogic heat pump (Figure 1,
right panel). It is anticipated that the system will be completed and ready for fish
stocking within the month.

The marine ornamen-
tal broodstock hold-
ing system is nearly
complete.
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Objective 2: Assess the reproducibility of mass rearing
techniques developed for flame angelfish larvae.

The larval rearing component of this project will be initiated upon development of
sufficient egg supply from newly expanded broodstock populations, anticipated
early in the new year.

Objective 3: Develop appropriate weaning protocols for juvenile
flame angelfish.

As with Objective 2, this third objective will be initiated upon producing sufficient
numbers of flame angelfish juveniles to conduct the replicated weaning trials.

Objective 4: Disseminate information on flame angelfish culture
techniques and rearing performance.

This technology transfer objective will be initiated toward the end of the project
with the goal of transferring developed culture technologies to industry.

Objective 5: Optimize culture conditions for zooplankton suitable
as prey for marine ornamental fish larvae.

Due to significant changes in staffing at the Waikiki Aquarium, this portion of the
work plan is now being conducted by OI researchers who will examine the
availability of additional zooplankton diets beyond Parvocalanus copepods to
increase the prospects for successful culture of a greater range of ornamental reef
species.

FIGURE 1. Photographs of the 16-tank marine ornamental broodstock sys-
tem currently being installed in the Doherty Research Hatchery Facility at
the Oceanic Institute. The left photograph shows some of the 500-L polypro-
pylene tanks in the insulated broodstock holding room and the right photo-
graph shows the water reuse equipment.
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FIGURE 2. Photograph of copepod
(Arcatia sp.) recently isolated from
Makai Pier to establish a second,
larger source of copepod nauplii for
later stages in rearing process for
flame angelfish larvae.

This research effort was initiated with the recent screening of zooplankton samples
from multiple local sites including Kaneohe Bay and the Makai Pier for alternate
calanoid copepod species that may be beneficial to culturing flame angelfish and
other coral reef species in the region. In particular, researchers have targeted larger
local calanoids such as Acartia, which may assist in meeting the feeding requirements
of flame angelfish larvae in later stages of development due to poor transition to
more traditional large diets such as Artemia.

Objective 1: Validate husbandry procedures developed for large-
scale production of flame angelfish eggs.

Each tank of the nearly completed environment-controlled broodstock system will
be provided with a constant supply of reconditioned OI well water following solids
removal, biological filtration, degassing, protein removal through protein skimming,
and either ozonation or UV sterilization for biosecurity. Water chemistry will be
maintained at optimal pH and alkalinity. Tanks will be stocked with one male and
one female flame angelfish provided with identical artificial reef structures to offer
the appropriate environment for spawning behaviors in this species. Fish will be
fed twice daily with a mixed diet also being developed within the Hawaii Sustainable
Fisheries Development project.

Tank effluents will be monitored daily for broodstock reproductive performance
based on fecundity and fertility rates for all spawns. Results will be compiled and
analyzed by two-way analysis of variance between tanks and months of the year.
Data will be presented graphically as arithmetic means and standard errors.

Objective 2: Assess the reproducibility of mass rearing techniques
developed for flame angelfish larvae.

Work Planned
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This part of the project will apply a standard larval rearing protocol on multiple (at
least two) scaled-up production tanks at operating volumes of either 1000 L or
4000 L dependent upon live feed and egg supplies. On each occasion, flame
angelfish eggs from natural spawning stocks (see Objective 1) will be split between
two rearing tanks to obtain a density of 3–5 eggs/L. If necessary, eggs will be
collected on multiple days to provide the necessary stocking density. Fish will be
sampled at seven-day intervals for measurement of weight, length, and growth
rate. Survival will be enumerated at the end of each trial, on day 30 post-hatch.
Arithmetic means of survival and growth rate will be calculated for each rearing
tank to provide information in the variability in performance between replicates
and between runs.

Objective 3: Develop appropriate weaning protocols for juvenile
flame angelfish.

The study will be carried out using a system of fifteen 200-L circular fiberglass
tanks, each equipped with an automatic feeder. Flame angelfish from a single
zooplankton-fed population will be stocked into the experimental rearing tanks on
day 20 post-hatch and assigned at random to the following diet groups (n=3 tank
replicates per group):

1. Inert diet introduced day 20
2. Inert diet introduced day 27
3. Inert diet introduced day 34
4. Inert diet introduced day 41
5. Inert diet introduced day 48

For each group, the quantity of live food will be progressively reduced to zero
over a seven-day weaning period, and a known quantity of inert diet (Biokyowa)
offered daily via automatic feeder. A sample of fish will be measured for total
length every seven days for each group, enabling size comparison of weaned versus
unweaned angelfish of the same age. At the end of the experiment (day 35 post-
hatch), all surviving fish will be counted and samples collected for size measurement.

Fish size and survival data will be presented as arithmetic means, with variation
presented as standard error and coefficient of variation of the mean. Specific growth
rates will be calculated from the size data and compared statistically using one-
way analysis of variance (ANOVA). Group survival rates will also be compared
using one-way ANOVA. Statistically significant differences among group means
will be further assessed by means of multiple pair-wise comparisons. A significance
level of p<0.05 will be used in all cases.

Objective 4: Disseminate information on flame angelfish culture
techniques and rearing performance.
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A one-day workshop on flame angelfish culture will be held at OI covering the
state-of-the-art of broodstock management, larviculture, and nursery techniques.
The workshop will open with a presentation by project researchers, covering
information on system configuration and performance data. This will be followed
by a question-and-answer session and tour of rearing facilities. The workshop will
close with a discussion on future R & D requirements and industry prospects for
marine ornamental fish culture, based on progress to date. Recommendations from
the meeting will be forwarded to CTSA, to assist in developing future problem
statements.

Objective 5: Optimize culture conditions for zooplankton suitable
as prey for marine ornamental fish larvae.

Trials will be undertaken to determine optimum zooplankton culture conditions
including culture vessel size and shape, water circulation patterns, optimum stocking
densities, best counting techniques, best harvesting methods and intervals,
maintenance feeding regimes, and enrichment practices for this zooplankton.

Culture trials will commence using methods similar to the proven methods for
existing cultured zooplankton such as rotifers and copepods. Depending on the
results of these initial trials, follow up trials will be conducted trying simplest methods
first in order to create user-friendly cultures. The goal is to develop the easiest,
most efficient culture methods using the least costly equipment for suitability in
“low-tech” fish farms.

The ultimate goal of this project is to assist in the development of a marine ornamental
aquaculture industry in Hawaii and the Pacific. This represents a key economic
opportunity for farmers in Hawaii and Pacific Island affiliates, such as Guam, for
several reasons. Firstly, there is a worldwide void in aquaculture production of
marine ornamental species.  It is estimated that less than 5% of all marine ornamental
species traded on the open market are aquaculture-raised, and that the actual
numbers of cultured fish traded are miniscule compared to those traded by
collectors.  This is unlike the situation currently faced by freshwater ornamental
farmers in Hawaii, who compete in markets with well-established foreign and other
domestic producers. Secondly, it is well known that the health of coral reef
ecosystems around the world is being severely degraded and that wild collection
practices are likely unsustainable unless alternatives are sought.  Moreover, the
Hawaiian Islands are home to over 85% of the coral reefs in the United States,
positioning the region well for development of an aquaculture-based industry.

Impacts
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Success of this project will not only provide new economic opportunity to farmers,
but will also help ensure the long-term sustainability of the marine ornamental trade
by providing alternatives to wild collection practices and a means to practice resource
conservation.

Publications in Print, Manuscripts, and
Papers Presented

None to date.


