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SUMMARY OF FINDINGS

Many new species of marine tropical fish and shrimp have been cultured in recent years
and some of these are beginning to be produced at a commercial level. However,
clownfish are still the main product of marine aquarium fish hatcheries. Commercial efforts
are becoming more successful from a biological standpoint. but some are still struggling
financially to make this type of aguaculture profitable. Some commercial marine tropical
fish hatchenies have discontinued operations after several years of activity, while others
have started up in recent years or may start up i the near future.

Research activity in this area is also occurring at the university level. Literature on the
culture of marine tropical fish and shrimp is increasing, but occurs mainly in the aquartum
hobby literature. rather than the scientific literature.

A list of key marine aquarium fish and shrimp available in Micronestz and conducive for
mariculture was compiled. and some of these species are particularly promising for
commercial culture. Culture methods were examined for the Cinnamon clownfish 4.
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melanopus. the gobies Ptereleotris rebra and Valenciennea strigatus. and the Banded
coral shrimp Stertopus hispidus. Several batches of A. melanopus were successfully reared
to the juvenile stage. Regular spawning was obtained for the goby broodstock. but no
larvae were reared beyond the first-feeding stage for either of the goby species. Larvae of
S. hispidus were reared through the early larval stages, but none survived the long larval
period to become juveniies.

Problems encountered in the culture of clownfish were mainly in the production of eggs.
Successful larval culture of the goby larvae was not achieved due to a lack of a suitable
first food for these tinty larvae. Progress was made in the larval culture of the Banded coral
shrimp, but eventual contamination of larval tanks by hydroids and jellyfish medusae
resulted in complete mortality before the larvae reached the juvenile stage. Suggestions are
presented to overcome ail of these obstacles in the rearing of these and other species of
marine tropical fish and shrimp.

A growing trend of interest to commercial aquarium fish producers is the mcrease of
restrictions on the importation and exportation of marine tropical species, with some
island nations closing down or severely restricting exports of reef fishes and invertebrates.
Guam is preparing to prohibit the export of marine fish and invertebrates from its reefs.
This may be a growing trend among island nations as they seek to protect their resources.
Some countries are also begimning to restrict imports of marine tropical fish and
invertebrates.

An economic analysis of marine aquarium fish culture suggests that commercial culture of
various marine ornamental species could be profitable in Micronesia. The most important
factors affecting profitability are consistent production of marketable fish, market price
and sales volume. Feed costs are not a major factor affecting economic return, although
the unit cost of feed for marine ornamental fish is much higher than commercial diets for
foodfish. Economic projections were made for a small hatchery and grow-out facility
raising clownfish.

PROJECT OBJECTIVES

The project was designed to meet the following objectives:

{. [dentify current private and government efforts to culture tropical marine aquarium
fishes throughout the world.

2. Conduct applicable literature review for the culture of marme tropical fishes.

3, Identification znd listing of key marine aquarium fishes readily available on Micronesian
reefs and lagoons that are conducive for maricuiture application.

4. Choose target fish species and explore culture methods.

2 PREPARED BY GADTC
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5. Identify current and anticipated international regulatory constraints to the import/export
of various marine aquarium fishes.

6. Determme methods of mariculture certification of restricted species.

7. Identify/determine economic parameters that would make this new form of maricuiture
feasible on a commerciat scale; from culture/grow out to export.

METHODS:

Objective 1. Private and government efforts to culture tropical marine aquarium fishes
were identified through literature review and telephone comtacts. In addition, database
reports were obtained from the Breeder's Regisiry, a newsietter and database providmg
information on breeding and propagation of marine aquarium fish and invertebrates. A
video from a conference on marine tropical fish culture and another video about a small
commercial marme aquarium fish hatchery also provided information on previous efforts
at propagating marine tropical fish.

Objective 2. A review of the literature was conducted for the culture of marime tropical
aquarium fish and invertebrates throughout the study. A broader review of the literature
on culture methods for other marine fish was conducted in the later stages of the study.

Objective 3. A list of key marine aquarium fishes available in Micronesia and conducive
for mariculture application was created, using the following criteria: availability, popularity
i the aquarium trade, wholesale or retail value, known aduit and larval characteristics
(e.g., size of spawnmers, spawn size, egg and larval size, larvai duration), available
information on spawning and larval rearing, reports of successful culture efforts, and ease
of culture of related species. Not all the species in the list quaiified favorably under every
criteria, but each species qualified under at least some of the criteria and show potential
for eventual commercial culture. Scientific and common names were checked and venfied
through two guide books on marine aquarium fishes (Burgess et a/., 1990; Myers, 1591).

Objective 4. The following marine aquarium species were obtamed from local coilectors
for possible use m this project:

Species Common name Number
Amphiprion chrysopterus ~ Blue-stripe clownfish 3 pairs
Amphiprion clarkii Clark's clownfish 2 pairs
Amphiprion melanopus Cinnamon clownfish 30 fish
Amphiprion perideraion Pink skunk clownfish | pair
Ptereleotris zebra Zebra goby 1 pair
Valenciennea strigatus Blue-streak goby I pair
Stenopus hispidus * Banded coral shrimp 8 pairs

3 PREPARED BY GADTC
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* Although this project origmally targeted aguarium fish only, it was later expanded to
include the Banded coral shrimp.

The majority of the fish and three pairs of the Banded coral shrimp were collected durmg
the first six months of the project. The Cinnamon clownfish. 4. melanopus. were collected
as three groups of fish. Initial efforts were made to pair up the clownfish by purting
together one large and one smaller fish. Several individuals were also cannulated to
identify maie and female fish and determme the levei of maturation. Another group of
Cinnamon ciownfish coilected later in the study was placed together with several other
unpaired clownfish m a large (10-ton) fiberglass tank contaming several spawnmg sites
{i.e., bricks and tiles) and anemones. The other species of clownfish and gobies were
collected as mated pairs. These fish were not cannulated to determme the level of
maturation, so as not to risk damaging their reproductive tracts.

Various sizes of fiberglass tanks at the Guam Aquacuiture Development and Training
Center (GADTC) were used for hoiding clownfish broodstock. rangmg from about 400
liters to 2000 liters. Some of the fish were held inside the hatchery and others were held
outdoors. Ceramic tiles were piaced in the tanks containing clownfish for use as spawning
substrates. The tiles were examined daily for eggs, usuaily in the moming. Pairs of Banded
coral shrimp were also placed in three of the broodstock hokling tanks. Later in the study,
five additional pairs were collected and all the Banded coral shrimp were moved to two
shallow culture trays inside the hatchery, with each pair placed i a separate compartment
(Figure 1). Water quality was maintained in all the broodstock tanks and grow out tanks
by a continuous flow of seawater through the tanks. The seawater at the GADTC is
obtained from saltwater wells, without any additional treatment or filtration. Indoor
broodstock tanks received natural sunlight which came mto the hatchery.

The pair of Blue-streak gobies, V. strigatus, were maintained in a 3000 liter tank inside the
hatchery. The tank was provided with a shallow tray filled with coral sand and short pieces
of PVC pipe stuck into the sand for a spawning site (Figure 2). The PVC pipe was
checked on a regular basis for the presence of eggs. The behavior of the fish was also
observed for indications of spawning. The pair of Zebra gobies, P. zebra, were mamtained
outdoors in a 1000 liter tank. Giant clams shells were provided on the bottom of the tank.
forming small caves that the fish could go inside and use for a spawning site. The clam
shell was checked on a daily basis for the presence of eggs.

The broodstock were primarily fed a frozen diet prepared at the GADTC. The recipe for
this diet was similar to a gelatin diet used at the Waikiki Aquarum, with some
modifications. Ingredients used in the diet and instructions for preparing it are listed in
Appendix 1. The composition of the diet varied slightly from batch to batch. depending
on local availability of ingredients. The broodstock were usually fed ad /ibitum twice daily
with the frozen food. In the beginning of the study, this diet was occasionally
supplemented with live adult Artemia or small penaeid postiarvae. Later in the study. brine

3 PREPARED BY GADTC
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Figure |. Banded coral shrimp broodstock tanks. It was determined that these 20 and 30
liter tanks were adequate to maintain spawning pairs of Banded coral shrimp.

Figure 2. Blue-streak goby broodstock and pve pipe spawning site.

5 PREPARED BY GADTC
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shrimp flakes were occasionally used as a supplemental feed. The banded corat shrimp
were also fed a shrimp maturation peilet on a regular basis in addition to the frozen food.

Clownfish egg development was monitored visually and by length of incubation period.
Previous experience and reports in the literature indicated that the egg incubation period
of clownfish is usually between six and nine days, dependng on temperature and condition
of the broodstock. Late in the afternoon on the day when a batch of eggs appeared to be
fully developed and ready to hatch, the tile on which the eggs were laid was removed from
the broodstock tank and put into a larval tank. The tile was placed on edge and leaning
against the inner standpipe, with an airstone placed near the egg mass, so that a stream of
air bubbles passed close to the egg mass. The following day after the eggs hatched, the tile
was removed and returned to the broodstock tank. A few spawns were deposited on the
side of the broodstock tamk or hatched earlier than expected. In these cases, it was
necessary to remove the larvae from the broodstock tank after hatching. Newiy-hatched
clownfish larvae are positively phototactic and were concentrated with a light and
siphoned into a bucket of seawater.

Banded coral shrimp egg development was monitored regularly based on the appearance
of the egg mass. New egg masses are a blue-green color and become a creamy white as
they develop. When the eggs are ready to hatch, dark eyespots can be seen in the white
eggs. A female with mature eggs was placed into a bucket of clean seawater with an
airstone in the afternoon preceding hatching. The next morning, the female was returned
to its holding tank and larvae were counted and stocked into a larval rearing tank.

Spawn size in clownfish was estimated by counting the "egg spots" on the spawning site
after hatching. These egg spots usually appeared as lighter colored spots on the tile where
the eggs were attached. Spawn size was estimated in Banded coral shrimp by countng
the number of larvae in several 6-mi samples taken from a bucket containing the hatched
larvae, calculating an average number of larvae per mi. and multiplying that number by the
total volume of the bucket.

Three types of live foods were examined larval rearing trials, including rotifers (both s-
type and ss-type), sea urchin larvae and oyster trocophores. Rotifers were mass cultured
outdoors in batch culture as described by Tamaru et al (1993). The GADTC onginally
cultured the s-strain of rotifer (Brachionus plicatilis), but m April 1995 production was
switched over to the ss-strain of rotifer (8. rotundus).

Sea urchins (Echinometra mathaei) were collected from local waters and maintained in
outdoor tanks. where they grazed upon the algae growing on the sides of the tanks.
Fertilized sea urchin eggs were obtained by induced spawning after injectmg
approximately 0.5 mi of 2 0.5M KCl solution into the body cavity of the sea urchins using
a | cc tuberculin syringe. The injected individual was then placed upside down in a 250 mi
glass beaker filled with seawater and observed for the release of gametes. Males and
females were identified by the release of sperm or eggs, respectively. Males were removed
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petri dish so that milt could be collected without mixng with sea water. Females were
allowed to spawn until eggs no longer were released. The spawned eggs were collectively
placed into a smail beaker containing seawater. The sperm was activated with seawater
and then a few ml of diluted sperm was added into the contaimer of spawned eggs and
mixed to fertilize the eggs. The eggs were then sieved through a 150 micron screen to
remove large debris and placed into a 3-liter pitcher of seawater and aerated until used.
Tamaru and Carlstrom-Trick (1995) provide additional details of the spawning procedure
and developmental sequence of the sea urchin larvae used in this study.

Oysters (Saccostrea cucullata tuberculata and/or Crassostrea echinata) were collected tn
Sasa Bay, Guam and held in tanks at the GADTC. The adult oysters were occasionally fed
algae cuitured at the GADTC. Some of the oysters were held in tanks containing juvenile
mullet or tilapia. Oyster trochophores were obtained after natural spawning (probably
following handling stress) or by placing them in an aquarum and adding approximately
four ppm hydrogen peroxide (Figures 3 and 4). Oyster trocophores were harvested with a
23 micron screen about 10 to |2 hours after spawning and added to the larval tank.

Clownfish larvae were reared in 500 liter black fiberglass tanks. Larval tanks were initially
filled to about 250 to 300 liters volume with seawater and provided with light aeration.
Several liters of a dense culture of microalgae (Chaetoceros gracilis or Nannochloropsis
oculata) was added to the larval tanks daily dusing the first two weeks of the larval period
to provide food for the rotifers and to help maintain water quality. The amount of algae
added (usually 5% to 10% of the tank volume) depended on the density of the algae
culture. the amount of algae aiready present in the larval tank, and the volume of the larval
tank. Artemia nauplii was added to the larval tanks, beginning about seven days posthatch.
Artificial diets (i.e., ground up artemia flake, larval fish diets, or frozen food) were usualily
added beginning at about day 12 to 15 posthatch. Daily water exchanges were initiated
after the first week, and a continuous flow of water was started after the first two weeks
10 maintam water quality.

Juvenile clownfish were grown out in fiberglass tanks of 1000 to 3000 liters volume both
indoors and outside. Juveniles were fed twice daily with the frozen diet prepared at the
hatchery. Occasionally, this diet was supplemented with brine shrimp flakes. Fish were
occasionally hand-sorted by size and marketable fish selected for sale to a local retail pet
store or to 2 commercial fish collector for export.

Several larval rearing trials were conducted with the Banded corai shrimp. In the
beginning of most of the trials. rotifers were maintained in the larval tank at a density of 10
to 20 rotifers/m! and the green algae Nannochioropsis oculata was added daily to maintain
a concentration of about 500,000 to 1,000,000 cells/ml in the larval tank. After the first
two to three weeks. the diet was graduaily changed from rotifers to Artemia naupli and
eventually enriched 24-hour old Arremia. Daily water exchanges were begun after about
the first week, and a slow continuous flow of seawater was introduced to the larval tank
after about three weeks.

7 PREPARED BY GADTC
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Figure 4. Oyster spawning tank after the release of gametes into the water. This spawn
produced viable oyster larvae.

8 PREPARED BY GADTC
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Objective 5: Regulatory constraints were mvestigated by personal communications with
Gerry Davis, Fisheries Supervisor at the Division of Aquatic and Wildlife Resources
(DAWR), Guam Department of Agriculture, Robert Meyer (formerly with the DAWR),
and Richard Pyle (Bishop Museum, Honoluiu, HI).

Objective 6: Methods of maricuiture certification were investigated by personal
communications with Gerry Davis of the DAWR and by review of the literature and other

mariculture operations.

Objective 7: Cash flow projections were made for a small clownfish hatchery and grow-
out facility.

RESULTS:

Objective 1. A few hatcheries are known 10 be currently producmg marine aquanum fish
commercially. The largest hatchery is C-Quest, Inc. in Peurto Rico. Another is Reef
Propagations, a smail basement hatchery in Chicago. A third company s Desert Fishenes
in Utah. A fourth hatchery (believed to be the Tropical Marine Centre Ltd.) is located
England. Three other hatcheries are presently operating at & research and development or
pilot stage and are supplying small numbers of tank-raised fish to the marme aquarium
market. These include a hatchery owned by Red Sea Fish pHarm, Ltd. i [srael. and two
closed system hatcheries in the United States owned by SeaPhiz. Four commercial
hatcheries formerly produced marine aquarium fish, but are no longer in operation. These
include Aqualife Research Corporation in the Bahamas, Dynasty Marine Associates in the
Florida Keys, Aquaculture Development A/S in Denmarik, and Instant Ocean Hatchery in
central Florida.

C-Quest, Inc. completed construction of a 15,000 &t marine fish hatchery in 1991. The
hatchery contains twelve hundred 40 gailon aquariums used for broodstock. larval rearing,
and research. The facilities have since been expanded to include four hundred 300 galion
outdoor larval rearing and grow-out tanks, nearly doubling the size of the original
hatchery. In addition, there are four 25.000 gallon concrete ponds used for large-scale
culture of microaigae and grow-out of brine shrimp. Filtration ncludes biofilters. sand
filters. cartridge filters, diatomaceous earth filters, and UV sterilizers.

Commercial production efforts initially focused on clownfish, but have since mcluded two
species of goby and three species of dottyback. Several other species have also been
cultured at the C-Quest hatchery. The list of species cultured by C-Quest includes the
following:

Species Common Name
Amblivgobius rainfordi * Rainford's goby
Amphiprion akallopisis Skunk clownfish
Amphiprion akindvnos Barrier Reef clownfish

9 PREPARED BY GADTC
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Amphiprion bicinctus Two-banded clownfish
Amphiprion clarkii Clark's clownfish
Amphiprion ephippium Red saddleback clownfish
Amphiprion frenatus Tomato clownfish
Amphiprion melanopus Cmnamon clownfish
Amphiprion ocellars Common clownfish
Amphiprion percula Percula clownfish
Amphiprion perideraion Pmk skunk clownfish
Amphiprion sandaracinos Orange skunk clownfish
Calloplesiops altivelis ** Comet

Chrysiptera cyanea ** Orange-tail Damsel
Gobiodon citrinus Citron goby

Gobiodon okinawae * Okinawa goby
Gobiosoma evelvnae Sharknosed goby
Gobiosoma genie Genie's cleaning goby
Gobiosoma macrodon Tiger goby

Gobiosoma oceanops Neon goby

Gramma loreto * Royal gramma

Gramma melacara * Black cap basslet
Ophistognathus aurifons * Yellowheaded jawfish
Premnas biaculeatus Maroon clownfish
Pseudochromis dutoiti Neon dottyback
Pseudochromis flavivertex Sunnse dottyback
Pseudochromis fridmani Orchid dottyback
Pseudochromis paccagnellae * Royal dottyback or Bicolor dottyback
Pseudochromis porphyreus * Magenta dottyback
Pseudochromis springeri * Springer's dottyback

Pterosynchiropus splendidus **  Mandarmfish

* Occasionaily available.
** Not likely to be commercially available
in the near future.

In addition to the species listed above, C-Quest has produced one hybrid variety of
clownfish that has resuited from five accidental pairings of Amphiprion ocellaris and A.
percula. The hybrids were reared without problems and are called "Percullaris” clownfish.
C-Quest has also developed or cultured several color varieties or strains of some of the
clownfish species. A bright orange-red A. percuia and a fast developing dark strain called
Early black A. percula have been developed. A strain of 4. clarkii called White-backed 4.
clarkii contains a localized albino area which resembles a white saddle on the fish's back.
Another strain catled Heart-sleeved tomato clownfish is an 4. frenatus with a white dot at
the base of one or both pectoral fins. C-Quest also produces both white-striped (normal
coloration) and blue-striped Cinnamon clownfish (4. melanopus), and white-striped
(normai coloration) and yellow-striped Maroon clownfish (Premnas biaculeatus).

10 PREPARED BY GADTC
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C-Quest is now the largest commercial hatchery for marine aquarium fish in the world.
The company is abie to sell everything it produces, and is in the process of deveiopmg an
arrangement to market its fish through a large chain of pet stores m California called Pets
Mart (M. Moe. per. comm., 1996). Pets Mart plans to market only tank-raised specimens
of marine organisms, instead of wild-caught animais. C-Quest has about 50 wholesale
customers and seils about 10,000 fish per month. Dottybacks (Pseudochromis sp.)
account for only about 150 fish per month, although the company has been getting 315 to
$20 per fish (W. Addison, per. comm., 1996). However, wild-caught dottybacks have
started becoming more available as new Red Sea collecting stations have recently opened,
and the price of these wild-caught dottybacks is much lower than the tank-raised fish. As a
resuit, C-Quest is beginning to have some difficulty in maintamng its price for the
dottybacks. The exception is Pseudochromis dutoiti, which has not been collected in large
numbers from the wild at this time (W. Addison, per. comm., 1996). The owner of C-
Quest, Bill Addision. is planning to go to South Africa in the near future to mvestigate the
possibility of a joint venture with an investor there who claims to have successfully
cultured Clown triggerfish. Emperor angelfish. Moorish idols, and Powder blue tangs.

Reef Propagations. founded by Joe Lichtenbert in April 1990, is a small (400 square foot)
basement operation located in the Chicago, [L area. The company began producing their
first salable fish in October 1990, and by the end of {995 had sold about 50,000 fish for
more than $150,000. About one third of these fish were purchased from C-Quest and
resold by Reef Propagations (J. Lichtenbert, per. comm., 1996). Sales per week averaged
70 fish for the first two years and rose steadily to over 250 per week (Hoff, In Prep.).
Production has recently declined due to technical problems. Total cash outlay at the
beginning of 1995 was about $53,000 of which about $10,000 was allocated for research
and development (Hoff, In Prep.). This operation now has a positive operating revenue
and is operated by 1.5 people with a 45 hour work week.

A company in Utah called Desert Fisheries is usmg marine geothermal water to raise
several species of marine aquarium fish. The company was started in early 1994 and is
commercially producing several species of clownfish, inciuding Amphiprion frenatus. A.
melanopus, A. ocellaris, and A. percula. Desert Fisheries has also successfuily reared
small quantities of the dottybacks Psewdochromis flavivertex and P. fridmani. At the
research stage, the company is spawning the goby Amblvgobius phalaena, although larval
rearing attempts have not been successful at this time. Other species that are targeted for
research are the Comet and some angelfish species.

Information obtained from an advertisement in an aquarium magazine mdicated that a
tropical marine fish hatchery in London, probably Tropical Marine Centre Ltd.. has bred
the following species in commercial quantities using the artificial sea sait Tropic Marin:
Amblygobius phalaena, Amphiprion allardi, A. clarki. A. frenatus, A. melanopus, A.
ocellaris. A. percula. Gobiodon okinawae, Gobiosoma evelvnae, G. oceanops, G.
puncticulatus, Hippocampus comes, H. fuscus. H. hystrix. and Lysmata debelius (Fire

Shrimp).

11 PREPARED BY GADTC
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Red Sea Fish pHarm Ltd. is a manufacturer of artificial sea salt (Corai Reef Sea Salt) and
other aquarium products in Israel This company began an intensive Research and
Development program to develop new methods for artificial propagation of marme
ormamental fishes in 1994, and has successfully cultured the following species:
Amphiprion bicinctus. A. clarkii, A. frenatus, A. ocellaris. Chrysiptera parasema.
Ophistognathus aurifons, Calloplesiops altivelis, Pseudochromis fridmani, P. flaviverter,
and Pterosvnchiropus splendidus (Broms, 1995). Red Sea Fish pHarm was the first
company to breed two species of fish (ie., Pseudochromis fridmani and P. flavivertex)
that are indigenous only to the Red Sea. The aquariums and larval tanks at the
experimental hatchery are arranged in a closed system equipped with biological filters and
protein skimmers. Although the facility is located near the Red Sea, artificial seawater is
used in the culture systems. The hatchery has separate facilities for the culture of
microalgae and zooplankton. The main goal of the research program is to develop the
knowiedge and expertise to establish a commerciai hatchery producing a wide variety of
coral reef fishes. However, the company 18 also using this research project to promote
their artificial sea salt. Red Sea Fish pHarm is presently looking at the ecopomic potential
of a commercial hatchery facility (M. Moe, per. comm., |996). The company believes that
all the species they have raised have commercial potemtial except for Chrysiptera
parasema and Pterosynchiropus splendidus. The former species does not have a good
market value and the latter species has a very low fecundity which limits production
(Brons, 1995). The hatchery operation is still at the research and development stage,
although the company has reportedly marketed some fish into Europe (S. Brown, per.
comm., 1996).

SeaPhiz (formerly EcoActivity, Inc.) is a relatively new company specializing in the
manufacture and operation of specialized home aquarium systems {model ecosystems) the
company calls Ecotariums and wildlife mariculture systems called ecoCulture facilities.
The culture systems are recirculating hatchery systems using algae scrubber technology
developed at the Smithsonian Institue. SeaPhiz currently has one ecoCulture system
operating in Cleveland, Tennessee and another in Terahaute, Indiana. Species currently
cultured in these hatcheries include Amphiprion clarkii, a black stram of 4. percula.
Gobiosoma oceanops, Gramma loreto, Gramma melacara. Hippocampus sp.,
Pseudochromis dutoiti, P. flavivertex, and P. fridmani. At the present tire. these facilities
are just beginming to get up to commercial scale production. with one or two active
breeding pairs of each species and a production of about 200 to 250 marketable fish per
month (J. Walch, per. comm., 1996). The Arizona-based company is also experimenting
with the culture of Valenciennea strigata. In addition to the culture of marine aquarium
fish, the company is also culturing live coral, live rock, and live sand.

Aqualife Research Corp., located in Walker's Cay, Bahamas. was the oldest company
producing marime ornamentals, Until the recent expansion of the C-Quest. Inc. hatchery, 1t
was also the largest marine ornamemal fish hatchery in the world. Aquaiife Research
Corp. closed its hatchery operation in January 1996, after operating on Walker's Cay for
the last 12 years. The fish inventory and equipment were sent to Harbor Branch
Oceanographic Institute in Fort Pierce, Florida, where a new investor (Dick Williams from
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Palm Beach, FL) is beginning tc investigate commercial marine aquariym fish culture (G.
Waugh, per. comm., 1996).

Aqualife’s 25,000 f2 hatchery and grow-out facility mcluded a broodstock room
containing over 250 broodstock tanks for clownfish and neon gobies (the goby broodstock
were kept in a separate room that was air conditioned) and a larval room contaming over
40 large tanks (the number of larval rearing tanks was later doubled as production was
expanded) and several smaller glass aquarfums for larval culture. The live foods area
contained an algae laboratory for maintaining small algae cuitures, several tanks for
hatching brine shrimp, four large transparent cylinders for outdoor algae culture, six 5-ton
tanks for growing algae and rotifers. and several large outdoor tanks for brine shrimp. The
grow-out area contained over two hundred 300 gailon tanks. Aqualife used saitwater weils
which reportedly pumped more than a million gallons of sea water through the hatchery
daily. Over 20,000 gallons of microaigae were produced each month. The facility was
designed tc be capable of producing more than a million fish each year. but the actual
production never came close to that amount.

During its peak production in 1989, Aqualife produced and sold over 20.000 fish per
month of the following species: Amphiprion clarkii, A. frenatus. A. -:2lanopus, A.
ocellaris, A. percula, A. perideraion, A. polymnus, A. sandaracinos, Gobiosoma
oceanops, and Premnas biaculeatus (both Gold-stripe and regular Maroon clownfish).
Agqualife's customers included 42 marine aquarium fish wholesalers in the United States,
ope in Canada, one in England, and one in West Germany. In 1994, Aqualife was
producing about 10,000 fish per moath,

In the early days of Aqualife (1972-1983), several other species were successfully cuitured
that never reached commercial production or were commercially produced for only a short
time: Equetus acuminatus, E. lanceolatus, E. punctatus, Gobiosoma evelvnae. G.
multifasciatum, Gramma loreto, G. melacara, Hypoplectrus gemma, H. unicolor.
Microspathodon chrysurus, Opistognathus aurifrons, Pomacanthus arcuatus. and P.
paru. Aqualife also produced two hybrids: Equetus acuminatus x E. lanceoiatus. and
Pomacanthus arcuatus x P. paru.

Dynasty Marine Associates operated a small hatchery near Marathon. Florida from 1983
to 1995. While it operated, the hatchery produced several species of clownfish. the Neon
goby, and seahorses, as a supplement to the main part of the company's business. which is
the collection of marine fish, invertebrates. and live rock for the aquarium trade. Although
the company no longer raises fish in its own facility, it buys some tank-raised fish from C-
Quest. Inc. to mclude i the inventory of wild-caught fish that Dynasty sells to
wholesalers. Species commercially cultured at Dynasty included Amphiprion clarkii, A.
frenatus, A. melanopus, A. ocellaris. A. perideraion, Gobiosoma xanthiprora. G.
oceanops, Hippocampus sp., and Premnas biaculeatus. Other species reared at an
experimental level included Amphiprion bicinctus, Amphiprion chrysopterus. Apogon
compressus, Bodianus rufus, Chrysiptera cyanea. Equetus acuminatus. Equetus
lanceolatus, E. punctatus. Gramma loreto. Microspathodon chrysurus. and
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Opistognathus aurtfrons. Dynasty had also produced hybrids on an experimental basis,
includmg Equenus acuminatus x E. punctatus and E. lanceolatus x E. punctatus.

At one time, the broodstock included about 60 pams of clownfish and 48 pairs of Neon
gobies. Seahorses were raised from wild-caught fish carrying eggs. About two thirds of
the broodstock pairs spawned on a regular basis. Each broodstock tank had its own
mndividual filtration system. but the larval and juvenile grow-out systems were connected
m a semi-recirculating system. which included a 30,000 gallon reservoir tank where
seawater pumped directly from the ocean was sterilized with chlorine and dechlorinated
before use in the system. A header tank, rapid sand filter, biofilters, and protein skimmer
completed the filtration system. The larval tanks were located inside the hatchery building
and the grow-out tanks and live foods production tanks were located m a greenhouse
outside the hatchery. The grow-out period was approximately four months.

Aquaculture Developmemt A/S (ADAS) i Denmark, was also producing clownfish
commerciaily, but is no longer n operation. The company commercially produced ten
species of clownfish. using synthetic seawater (Instant Ocean) and recirculating systems.
The main species produced were Amphiprion frenatus, A. ocellaris, A. sebae, and
Premnas biaculearus. The company began supplymg the aquarium markets in
Scandinavia, Great Britain, Germany, and the Netherlands with tank-raised anemonefish in
1990, and in November, 1991, the first Danish-produced clownfish were introduced to the
American market (Torben, 1992),

The hatchery facility at ADAS consisted of a broodstock system, a larval rearing system. a
juvenile grow-out system and a live food production area. The broodstock system
contained about 6,000 liters of water that was circulated through sand filters and two UV
sterilizers before returming to the 98 spawning tanks. Each 125 liter spawnmg tank
contained an undergravel filter for biclogical filtration. The larval rearing system contamed
about 1000 liters of water in four tanks. The grow-out system had a capacity of 52,000
liters and was separate from but similar in design to the broodstock filter system. The live
food production system was probably the most sophisticated part of the facility, with two
species of microalgae, Rhodomonas and Isochrysis, grown m two 600 liter photoreactors.
Algae production was fully automated, with a maximum daily production of 400 liters of
algae. Rotifers were produced in seven tanks, each with a volume of 800 liters. The
company deveioped it own dry food for grow-out of the juvenile fish (Torben. 1992).

Instant Ocean Hatcheries, founded and managed by Frank Hoff, was in operation from
1974 to 1984, producing clownfishes and neon gobies commercially at an miand hatchery
in central Florida. Annual production of juveniles reached over 250,000 using Instant
Ocean artificial sea salts in a closed culture system Species produced mcluded:
Amphiprion akallopisos, A. clarkii, A. ephippium, A. frenatus. A. ocellaris. A.
melanopus. A. percula, A, polymnus, Gobiosoma oceanops, and Premnas biaculeatus. In
addition. Instant Ocean produced three hybrids: 4. frenatus x A. ephippium. A. frengtus x
A. melanopus. and A. ephippium x A. melanopus. The hatchery was an 11,200 s split
level building that contained a 10.000 gallon larval rearing system. a 12.000 galion
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broodstock system and a 24,000 gallon grow-out system. The larval rearmg system
comtained 80 forty galion aquariums. The broodstock system contamed 180 plywood
tanks of 29 or 40 gallons. The grow-out system contained 384 forty gallon plywood tanks.
The aquariums in each system were comnected to reservoirs and filters. The facility also
contained a 10,000 gailon experimental system used for growing algae, mvertebrates and
extra pairs of subadult fish. There were ten additional 4,000 gallon reservoirs and six
10,000 gallon outdoor recycling ponds. Approximately 70% of the water used i the
hatchery was recycled (Hoff, In Prep).

Some research has been conducted by a few universities, public aquariums, and private
research institutions on the culture of marine aquarium species. The University of Hawaii,
in a research program under the direction of Dr. Chris Brown, was successful i rearing
two species of damselfish, Dascyilus albisela and Dascyllus aruanus, to the juvenile
stage, with one of the rearing trials resulting in over 40% survival. Larval feeding during
the first two weeks post-hatch was accomplished by maintaiming a continuous indoor
culture of algae (Tetraseimis sp.) and rotifers in the larvai tanks, suppiemented by
progressively larger wild zooplankion (Danilowicz and Brown, 1992). Dr. Brown 15
presently working on developing methods for captive spawning of Centropyge fisheri, C.
loriculus, and C. potteri (C. Brown, per. comm., 1996).

Harbor Branch Oceanographic Institution (HBOI), Fort Pierce, FL began an ornamental
marine fish and invertebrate culture program in 1993. To carry out this research, the
mstﬁmeequippedaﬁOﬂzglassgmhousewﬁhmreemdcpMsuwmasystems,
each containing four 40-gallon aquaria, a wet/dry biofilter and foam fractionator, 2 GAC
contactor, and UV sterilization. The facility also houses transiucent fiberglass columns for
phytoplankton and marine zooplankton production, and four 3000-liter recirculating
larvicuiture systems. HBOI has successfully reared larvae of the Banded coral shrimp,
Stenopus hispidus. through metamorphosis after 102 days and the Peppermint shrimp,
Lysmata wurdemanni, after 35 days. In addition, the Sergeant major, Abudefduf saxatilis
was successfully cuitured. The Institute is also conducting rescarch on the following

species:

Species Common Name

Lysmata grabhami Scarlet lady

Periclimenes pedersoni Pederson’s cleaner shrimp or Caribbean anemone shrimp
P. yucatanicus Clown anemone shrimp

Stenopus scuteilatus Golden banded coral shrimp

The University of Texas recently began a research program to investigate the culture of
marine ornamental fish and shrimp. Under the direction of Dr. Joan Holt, the following
species were spawned in the laboratory: Bodianus pulchellus. Centropvge argi, Equetus
umbrosus, Halichoeres caudalis, H. maculipinna, Lysmata wurdemanni. Serranus
tigrinus, and Thalassoma bifasciatum. A large tank (ie. 1000 gallon raceway) was
required to get adult B. pulchellus to spawn. However, larval rearng has not been
successful for any of the fish species, except 5. puichellus and E. umbrosus. due to a lack
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of a suitable first food for the tiny larvae. Rotifers are too large as a first food for these
species. Wild plankton was also used without success for some of the fish species.
However, the laboratory has been more successful in cuituring the Peppermint shrimp
Lysmata wurdemanni through the larval and juvenile stages. The Peppermint shrimp can
be reared through the larval stage in 30 to 50 days, depending on water temperature and
other factors. High water quality and the use of emriched Artemia are important for
successfully culturing this species (J. Holt, per. comm.. 1996).

The University of Wales began a research program in 1993 to rear several species of
Cleaner shrimp. Dr. David Fletcher. principal investigator, has succeeded in rearing
Lysmata amboinensis, L. debelius and Stenopus hispidus, with the cultured juveniles now
producing larvae in the laboratory (D. Fietcher, per. comm., 1994). He is now developing
techniques for the mass culture of the two Lysmara species, and refinements in rearing
techniques has reduced the larval period for these species from 13 or 14 weeks to seven
weeks (D. Fletcher, per. comm , 1996). Of the three species listed above, S. Aispidus is the
most difficult to culture through to the juvenile stage, Rotifers are not required as the first
feed for this species, and Dr, Fletcher has had success with a vartety of live and inert diets.
In particular, a nematode species enriched with marine lipids and pigmems was used to
supply the essential nutrient profile for these crustaceans (D. Fletcher, per. comm., 1994).

Dr. Fletcher is also investigating nutritional requirements of clowafish, including vitamin C
requirements in Amphiprion clarkii (Fletcher and Wilson, 1996). He is consuiting with a
private company to develop new diets for clownfish and other marine aquarium fish. He is
also consulting with another private company to develop commercial rearing methods for
other species of marine aquarium fish, including tangs. The company has been successful
in rearing the Catalina goby, Lythrvpnus dalli, and may be the first to culture this species
through the larval stage. They have also been very successful in rearing a variety of
seahorse species, producing a second generation in just 7 to 11 weeks. Improved nutrition
has been an important factor in the success with seahorses. This group is aiso developing
new live feeds for species with very small larvae (i.e., larvae that cannot consume rotifers
at first-feeding) and new tectmology for induced breeding (D. Fletcher, per. comm.
1996). Emphasis is also being piaced on improving broodstock and larval nutrition to
achieve greater success with marine aquarium species that have been difficult or
impossible to culture i the past.

Various public aquariums have i the past or are presently conducting research on the
cuture of marine aquarium species. The Waikiki Aquarium, affiliated with the University
of Hawaii, conducted small-scale research on culturing marine aquarfum shrimp. Under
the direction of Syd Kraul. the Aquarium successfully developed rearing methods for the
Harlequin shrimp, Hymenocera picta. Using enriched Artemia, the Aquarium was able to
rear thousands of juveniles. The Aquarium is not presently involved in research on the
cuture of marine ormamental fish or shrimp, but Mr. Kraul is planning to resume
commercial culture of the Harlequin shrimp later this year (S. Kraul. per. comm.. 1996).
The Berlin Aquarium has been culturing severat species of clownfish and selling them to
raise funds for various projects at the Aquarium (C. Brown, per. comm.. 1996). The
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Aquarium is also conducting research with other species of marme aquarium fish. The
Baltimore Aquarium is successfully culturing the Highhat, Equens acuminars and the
Neon goby, Gobiosoma oceanops. The Tulsa Zoo has cultured the Atlantic spadefish,
Chaetodipterus faber, and spawned several other species.

Several species of marmne aquarium fish and shrimp are now being cuitured on a smail
scale by marine aquarium hobbyists, and many of the articles on rearing marine ornamental
species in the aquarium hobby literature were written by individual hobbyists (see
Appendix 2). Martin Moe, the first person to commercially cuiture marine aquarum fish
and the founder of Aqualife Research Corp., is currently culturing the Orchid dottyback.
Pseudochromis fridmani, in an experimental culture system at his home. He reported that
the aduits began spawning before they were a year old. and produce a spawn of about
1000 eggs every 5 or 6 days. The larvae can eat rotifers when they first begm feeding, and
can begin eating 4rremia nauplii within a few days (M. Moe, per. comm., 1996).

Objective 2. Literature review

A survey of the aquarium hobby literature was conducted for information on spawning and
rearing marine aquarium species of fish and shrimp. Information on culture efforts by
marine aquarium hobbyists has recently been collected and organized into a2 quarterly
newsletter called "The Breeder's Registry.” In addition 1o articles in the newsletter, the
editors have also formed a computer database of spawning and rearing reports for marme
aquarium fish and invertebrates. Other aquarium literature contaming reports of culturing
marine aquarfum species include the newsletter "SeaScope” and varicus aquarum
magazines. A review of the scientific literature was also conducted for information on
culturing marine aquarium species and other warmwater marine fish and shrimp. The
results of these reviews are listed in Appendixes 2, 3 and 4.

Objective 3. Micronesian Species List:

Species Common Name

Acanthurus leucosternon + Powder-blue tang

Amblvgobius phalaena * Banded goby, Brown-barred goby, Dragon goby
Amblygobius rainfordi * Rainford's goby

Amphiprion bicinctus * Two-banded clownfish or Red Sea clownfish
Amphiprion chrysopterus * Orange-fin or Blue-stripe clownfish
Amphiprion clarkii * Clark's clownfish

Amphiprion ephippium * Red saddleback clownfish

Amphiprion melanopus * Cmnamon clownfish

Amphiprion perideraion * Pink skunk clownfish

Balistoides conspicillum + Clown triggerfish

Calloplesiops altivelis * Comet or Marine betta

Crvptocentrus cinctus * Yellow prawn goby

Gobiodon citrinus * Citron goby

Gobiodon okinawae * Okinawa goby
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Hoplolatilus starckd Purple-headed sand tilefish
Meiacanthus amrodorsalis Lyretail blenny

Meiacanthus grammistes * Striped blemy

Nemateleotris decora ** Decorated dartfish

Nemateleotris magnifica Fire dartfish or Fire goby

Platax orbicularis + Circular spadefish or Round batfish
Platax pinnarus Pinnate spadefish or Redfinned batfish
Platax 1eira Longfin spadefish or Teira batfish
Pomacanthus imperator + Emperor angeifish

Pseudochromis porphyreus * Magenta dottyback

Ptereleotris zebra ** Zebra goby

Siganus (Lo) vuipinus Foxface rabbitfish

Signigobius biocellatus + Signal goby or Two-spot goby
Valenciennea puellaris Maiden goby

Valenciennea strigata ** Blue-Streak Goby

Zanclus cornutus + Moorish idol

* Successfully cultured in captivity.
** Spawning in captivity.
+ Reports of this species being successfully cultured need to be verified.

Objective 4. Culture Methods

Two mated pairs of the Cinnamon clownfish, Amphiprion melanopus were obtained by
cannulating several individuals and examining the samples to determine the sex of the fish
(Figures 5 and 6). Mature eggs or sperm were found in these fish, The sex of some of the
fish sampled could not be determined by cannulation. Three pairs of A. melanopus
spawned during this study, for a total of 21 spawns (Table i). However, the majority of
the spawns were produced by one pair. A second pair was lost early in the study when ozne
of the fish jurmped out of the tank. A third unidentified pair in a tank comtaming several
clownfish spawned one time, but was later accidentally disturbed during routme
maintenance and did not spawn again. No pair formation was observed and no spawnmgs
occurred in the 10-ton tank containing the large group of A. melanopus during the 3 to 4
months that the fish occupied the tank. Also. no spawning occwrred i the other clownfish
species over a several month period.

Spawn size mcreased during the study period from less than 100 to neariy 500 eggs per
spawn. Some spawns were not used for larval rearing trials. Clownfish eggs hatched mn 8
to 9 days, depending on water temperature (ambient water temperatures during the project
ranged from 27° to 29° C). The eggs elongated and became darker as the embryos
developed. The eyes developed and the yolk sacks became smailer shortly before hatching
(Figure 7). Newiy-hatched larvae were 4 to 5 mm in length. Larval survival in rearmg
trials with Amphiprion melanopus ranged from less than 8% to over 90% (Table 2).
Larvai mortality occurred primarily during the first few days after hatching.
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Figure 5. Cannulating Cinnamon clownfish to determne sex and maturation.

o

Figure 6. Clownfish oocytes in various stages of development.
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Amphiprion meianopus
Cinnamon Clownfish

Pair T-7 Pair T-8  Pair T-17

Hatch Date Hatch Date Hatch Date
12/23/94 12/16/94 04/20/95
01/10/95  01/22/95

01/31/95  02/01/95

02/25/85  02/13/385

05/03/95

05/12/85°

06/01/95

07/26/95

10/14/9%

10/25/96

11/06/85

11/18/95

11/30/88

12/31/95

02/04/96

02/27/96

* Note: Egg mass died before hatch

Table 1. Spawning frequency of the Cinnamon clownfish, Amphiprion melanopus.
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Figure 7. Clownfish egg mass showing eye development in embryos.
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‘Table 2. Aquarium Species Larval Rearing Trials: Cinnamon Clownfish (4mphiprion melanopus)

Date
Stocked

01/22/95
02/01/95

02/26/95
05/04/95
07727195

10/14/95
10/25/95
11/06/95
11/718/95

11/30/95

12/31/95

Date

Terminated Stocked Survival

03/06/95
03/06/95

04195
07130/95
0820195

10/15/95

12/20/95

12/28/95

01/16/96

No.

120

249

255
40
320

150

170?

4507

60

%

250

213

337
67.5
94.4

30.0

<80

>95.0

330

Resulis/Comments

Larvae siphoned from broodstock tank in PM. Found 23 dead next AM.
Larvae siphoned from broodstock tank in PM. About 25% appeared be
in shock after transfer. Found >15 dead next AM.
Air off for about 5 hours on day 2. Moved outside at 49 days.

Very small spawn. Larvae siphoned from broodstock tank next AM.

Egg mass stocked in larval tank. Few hatched the first mght and remainder
hatched the second night. Excellent run with high survival and growth.
Standard use of regular and enriched rotifers and enriched artemia.
Less than 50% hatch. High monality the next day of larvae that did hatch.
Larvae hatched in broodstock tank. Larvae not stocked.
Larvae hatched in broodstock tank. Larvae not siocked.
First night some larvae hatched in broodstock tank. Moved about 50 larvae
to the larval tank. Most of the eggs hatched the following mght in the larval
tank, but high initial mortality. Only 13 survivors at end of larval run.
Large spawn hatched in larval tank over 2 days. About 50 eggs never hatched.
Very good survival of hatched larvae from beginning. Fed rotifers for first two
weeks and Artemia beginning on day 8. Harvested 442 juveniles after one month.
Poor hatch and early and late mortalities in the larval cycle. Normal feeds and water
management. Average to poor result.
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Juvenile mortality was less than 5% during the study period. No serious outbreaks of
disease were observed during this time. Clownfish reared in the study reached a
marketable size at about 3 to 4 cm total length (Figure 8). Growth of juvenies in the first
half of the study was very slow. with only about 20% reaching a marketable size after sx
months. Faster growth was obtained for a later batch of juveniles, with over 50% reaching
a marketable size after four months. About 100 clownfish were marketed to a local pet
store and another 55 fish were marketed on a trial basis through a local fish
collector/exporter to wholesaters in Hawaii and Los Angeles. The incidence of deformities
was very low (< 5%} in most of the batches of clownfish raised at the GADTC. However,
a higher incidence of deformities (> 35%) occurred in juveniles from a couple of the latter
Spawns.

The pair of Blue-streak goby broodstock began spawning about one month after being
purchased from a local pet store. Initial :pawns were noted when larvae were discovered
in the broodstock tank at night. In the begmning of the study, the pipe used as a spawning
site was not examined for the presence of eggs for fear of disturbing the spawnmng
behavior of the adults. However. it was later determined that the spawning pipe could be
examined on a regular basis without disrupting spawning and parental behavior. During
spawning, an egg mass was attached to the inside of one of the pipes (Figure 9). Artificial
incubation of later stage eggs was attempted, by puiting the pipe containing the eggs mto
a large beaker, with an airstone placed to provide bubbles flowing over the eggs. Another
method of artificial incubation was to place the egg mass in a screened open container
submerged near the surface of the larval tank with an airstone placed pext to the eggs. The
eggs would stay at the bottom of the screened container and the newly hatched larvae
would be carried over the edge of the container and into the larval tank. Hatch rates of
approximately 50% to 90% were obtained when artificial incubation was attempted.

Development of an egg mass was observed under the microscope. Newly laid eggs were
yellow and spherical in shape, forming a large mass or cluster that extended out from the
substrate. As the eggs developed, light yeliow larvae could be seen in a clear oval shaped
egg sack. The eggs sacks were attached to 2 strand at the tail end of the larvae and the
egg mass was similar in form to a grape cluster. The larvae were initially straight, but as
the larvae grew, the tail began to curve back toward the head to form a "U" shape (Figure
10). Larvae were well-developed at hatching, with pigmented eyes and what appeared to
be a fully formed gut. Only a small amount of yolk remained at hatching. The newly
hatched larvae were less than 2 mm in length.

Fecundity data was not collected during the study, although some egg masses were
preserved for later examination, However, it appeared that egg masses contained about
2,000 to 5.000 eggs. The incubation period was 4 to 5 days, with eggs hatching early in
the evening. The interval between spawns (i.e., hatching dates) was variable, ranging from
9 to 24 days (Table 3). One spawn may have gone undetected early in the study.
Spawning occurred eleven times from August 1992 to April 1995 for an average of about
one spawn every 17 days. Two gaps in sp: -ning may have been due to missed
observations and were not calculated into the ax erage spawning interval. Shortly after the
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Figure &, Juvenile Cmnamon clownfish raised at the GADTC

Figure 9. Blue-streak goby egg mass beginning to hatch.
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). Goby egg mass showing eye development in embryos.
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Ptereleotris zebra Valenciennea strigatus
Zebra Goby Blue-streak Goby
Spawn Date  Spawn Interval * Hatch Date  Spawn Interval
11/06/94 0 (8/17/94 0
11/19/94 3 08/27/94 9
12/02/94 i3 09/07/94 11
12/17/94 15 09/24/94 17
01/15/95 ? 10/24/94 ?
01/26/95 11 11/09/94 16
02/04/95 9 11/28/94 18
02/14/95 10 12/18/94 19
02/25/95 11 01/11/95 24
03/10/95 13 02/04/95 24
03/21/95 11 04/04/95 ?
03/31/95 10

04/15/95 15 Average 17.25
04/25/95 10

05/05/95 10

05/16/95 11

05/27/95 11

06/06/95 10

06/15/95 9

06/24/95 9

07/04/95 10 * Note: Spawn intervals are days between spawns. Intervals
07/12/95 8 with 3 "?" indicate an unknown interval due to a possible
07/25/95 13 missed spawning observation.
08/06/95 12

08/16/95 10

09/15/95 ?

09/29/95 14

10/13/95 14

10/27/95 14

11/09/95 13

11/19/95 10

12/02/95 13

12/19/95 17

01/17/96 ?

01/27/96 10

02/08/96 12

02/19/96 11

03/01/96 11

03/13/96 12  Average 11.57

Table 3. Spawning frequency of gobies at the GADTC.
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last recorded spawning in April of 1995, the pair were moved to another smailer tank with
some other fish because the tank they were in was needed for another project, and other
suitable tanks were not available at the time. The pair did not spawn after bemg moved
and eventually died. A few rearing trials were conducted with Blue-streak goby larvae,
feeding them s-type rotifers. However, none of the larvae survived more than a few days.

Spawning of the zebra goby broodstock pair occurred on a regular basis throughout the
study, begirming about two months after the pair was acquired. Spawns were found early
in the morning, and batching occurs immediately after dark on the fourth night. The egg
mass was attached t0 the underside of the clam shell and appeared to be about the same
size as the Blue-streak goby egg masses (Figure 11). Embryonic development appeared to
be similar to that of the Blue-streak goby. The eggs could be successfully hatched m the
larval tank by removing the shell containing the eggs from the broodstock tank shortly
before hatching and placing it in the larval tank. However, if the eggs were taken from the
parents too soon. hatching was usually unsuccessful, even when the eggs were well
aerated. A total of 39 spawns were produced in a 16 month period for an average of about
one spawn every days i1.5 days (Table 3).

Several rearing trials were conducted with the zebra goby larvae. SS-type rotifers were fed
to the larvae and attempts were also made to feed them oyster larvae and an artificial diet.
Howevet, the larvae did not survive past the first few days when fed ss-rotifers or artificial
diets and oyster larvae could not be obtained in sufficient quantities when required to feed
the goby larvae.

The three pairs of Banded coral shrimp began spawning about one to two months after
being purchased from local collectors. Five additional pairs were obtained later in the
study and also began spawning. Banded coral shrimp spawned (i.e., larvae hatched) at
intervals of 13 to 23 days (Table 4). Some larger periods of time between spawns is
believed to be due to missing observations of hatching larvae. Eggs usually began hatching
about 3 to 4 hours after sunset and hatching was completed within an hour. Spawn size
usually ranged from 1000 to 3000 larvae, but spawn size may reach as high as 5000
larvae. Limited data from one pair suggests that fecundity did not decline with time m

captivity.

Several larval rearing trials were conducted with the Banded coral shrimp (Table 5). In the
beginning of most of the trials, rotifers were maintained in the larval tank at 2 density of 10
to 20 rotifers/ml and the green algae Nannochloropsis oculata was added daily to maintam
a concentration of about 500,000 to 1,000,000 ceils/ml in the larval tank. High larval
survival was usually obtained through the first three weeks. Then the diet was gradually
changed from rotifers to Artemia nauplii and survival began to decline. In the best rearmg
trial, some larvae survived until day 51. Contamination of larval tanks with growths of
hydroids and small free-swimming jellyfish medusae sometimes occurred, especially after
larvae were reared in the same tank for a few weeks. Total mortality of the Banded coral
shrimp larvae usually occurred within a few days after their appearance mn large numbers.
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Figurs 1 1. Zebra goby egg mass shortly before hatching.

28 PREPARED BY GADTC



re

"mru snotA2ad se )ynsal swieg
“¥a3M IX3U
s Fuump aurpdap dieys 1ng ‘sAep om) 151 10 93] [eAIAINS Ul jo Jurunrdaq
WO BIUIUY DI "I91EM PIlaIy U1 payotey Jeare] 3uixools pue ‘Buipaa) 21053
eruaLry Smsu ‘yue) oxn mod 1orem [je fundiy 4q UoHPUIURILOD PajeunI| g
st Aup £q
pareaddesip A[mojs poaoul 21am 1EY) M3) ML ‘6| Kep moqe pareadde aesnpous
PUE WY} SACUE 0] MO[S 001 INq “ALNP UM UB) ST} A0UW OF PILI) OS]y
1€ Kep Aq pes(] “0¢ pue (T Aep uo pareaddu sesnpaw
PUR WY1 AW O} MO[S 00] 10 ‘ALNP JurE UIYM S[PIGIUE JA0W O PALL],
-yurey Surrans dasy 01 Ya) seATE} M3 OO, AU OB [2AT]
19128 JULIDMO] UMM WDSAS USIDS Ydnoryl adeass o) [qe UM JuAle]
-adeur 0) prey 0o, 3917 1od 9| SEM
el FWRIG IrAIR] M3] 00] 10) Yue) € 3d1e) 00} pur ‘SAEP XIS JIA0 POYI0IG
‘15 Aep 01 [EAIAING "SPLoIPAY pue esnpaut gsyAgal qum paisaym
AJiAeaY Smesaq JuL UM ‘unt Jo sKep om isef o1 dn Sumosd pue Ayijeay
JRAIR] "BIUALR PIMOLIUA O pT PUE PAYINTY Aimau pus (SFom 0
1511} SI3j1101 PIYILIVI JO UONEMGUIOd P34 L Aep 18 Surysny pue Idueyox?
mem Apep o0, uedag “sYuL) YI01SPOOK] OM) WOY PINIOIS FBAIELT]
00 Aj182 [eAIAINS MO']
"yuel }2015p00Iq Ul PIYINLY JLALR[ OS[Y "BRUINE YILM UNLISAC PUR PALIIAQ
"BIUIALIE AU |8 1€ SPIOIPAT PUR ALTP 003 MWIEIIG Jur ], Zp Kep OF [BALAING

0

0

0
0

SELl

0oF's

LIR'T
Ly's
0s1°1

6LT'E

0001

00S°1
00S't

S6/01/T1

S6/01/C1

SO/

S6/v0/

$6/01/60

C6/r0/60

S6/11/60

$6/61/L0
S6/LI/LO

S6/EC/1

S6/1T/11

S6/0T/00

C6/v0/01

SH/TO/60

S6/ET/R0

SO/1T/LO

$6/S0/L0
S6/P0/90)

(snprdsty sndouais) durgs jeso) poptreg :sjew |, Suieay feare saads wanenby ‘¢ 2qe),



”
FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Stenopus hispidus
Banded Coral Shrimp

BCS #1 Spawn BCS #2 Spawn BCS#
Intesval Iinterval Spawn
Hatch Date  (Days) Hatch Date (Days) Hatch Date  Intervai
08/04/84 0 07/19/94 0 08/26/94 0
08/27/94 23 08/04/94 16 09/09/94 18
10/13/94 ? 08/22/94 18 10/10/94 ?
10/29/94 16 09/08/94 17 10/24/94 14
11/14/94 16 09/27/94 19 11/09/94 16
11/29/94 15 10/28/94 ? 11/26/94 17
12/15/94 16 11/18/94 21 12/16/94 20
01/07/95 23 12/05/94 21 01/07/95 22
01/23/95 16 02/05/95 ? 01/22/95 15
02/11/95 19 02/21/85 16 02/09/95 18
02/28/95 17 03/09/95 16 02/27/95 18
04/29/95 ? 03/25/95 16 03/12/95 13
05/17/98 18 08/19/95 ? 04/14/95 ?
06/03/85 17 08/07/95 ? 05/02/95 18
07/31/95 ? 08/23/95 ? 05/18/95 16
05/24/96 7 08/05/95 18
10/10/95 18 Average 17.8 07/04/95 ?
10/29/95 19 07/20/85 16
11/23/95 ? 08/07/95 18
08/22/95 15
Average 17.8 09/24/95 ?
10/11/95 17
11/13/95 ?

Average 16.8

* Note: Spawn intervals with a *7" indicate an unknown
interval due to a possible missed spawning observation.

Table 4. Spawning frequency of the Banded coral shrimp, Stenopus hispidus.
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A few early attempts to spawn newly collected sea urchins were reiatively successful m
producing fertilized eggs and larvae. However. the use of sea urchin larvae for larval
rearing of gobies was later abandoned because it became very difficuit to induce spawnmg
in the sea urchins held at the hatchery. Difficuities were aiso encountered in spawning

oysters.
Objective 5. Regulatory Constraints

In 1987 Germany banned the importation and sale of butterflyfish, angelfish. and Moonsh
idols. However, determined German hobbyists can still drive across the border to Holland
and obtain these species (R. Meyers, per. comm., 1996). Nature conservation laws in
Israel forbid collection of reef specimens entirely, and the export of wild caught Red Sea
fishes is restricted im most other countries on the Red Sea (Brons, 1996). Hawan has
banned the importation of scorpionfishes, eels, and sharks (R. Pyle, per. comm., 1996).
Florida has size Limits and bag limits for marine angelfish coilected from its waters. The
Commonwealth of the Northern Mariana Islands banned aquarium fish collection m 1992.
The Republic of Palau banned the collection and export of tropical marme aquarium fish in
May 1993 (Baker, 1993). This ban was the resuit of The Nature Conservancy efforts to
protect the coral reef habitats of this isiand group. The U.S. Territory of Guam is
preparing to ban the export of wild-caught marme aquarjum species from its reefs and
lagoons. Local aquarium stores and private citizens would still be allowed to collect wrth
government-issued licenses after the regulations are adopted, but would not be permitted
to export their catches (Baker, 1993; G. Davis, Division of Aquatic and Wildlife
Resources, per. comm., 1996). Captive-bred aquarium specimens could still be exported
under this proposed legislation, provided the mariculture operation receives the
certification. In various countries (including the Territory of Guam), selected areas have
been designated as marine parks or reserves, where the collection of animals is prohibited.

Objective 6. Maricuiture certification of captive-bred marine aquarium fish and shrmp
cultured on Guam would consist of an official certificate of origin from a maricuiture
facility approved by the Division of Aquatic and Wildlife Resources (G. Davis, per.
comm., 1996),

Objective 7. Cash flow projections were developed for a small clownfish hatchery and
grow-out operation. Table 6 provides start-up costs for the facility. Tables 7 and & provide
cash flow projections at 16% and 4% interest rates, respectively. Assumptions used in the
analyses are provided in Table 9. The most important factors affecting profitability are
consistent production of marketable fish, market price and sales volume. Feed costs are
not a major factor affecting economic return, although the unit cost of feed for marme
ornamental fish is much higher than commerciai diets for foodfish
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Table 9. Cash Flow Assumptions

INCOME

1) Balance Forward: Cash baiance brought forward from previous year.

2) Capital: Investment by owner.

3) Loan: Amount borrowed from bank or other financial institution. Assume loan of
$90,000 for 10 years at 16%.

4) Sales: Total income from sale of aquarium species.

5} Other: Other sources of income such as interest earnings.

6) Total Inflow: The sum of items | through 5 above.

CAPITAL COSTS

7) Site Preparation/'Well: Well cost of $3,000 plus $40/ft. for a 100 ft well. $3,000 for site
clearmg and leveling.

8) Tanks/Plumbing: Broodstock tanks/aquariums; 15pcs. @ $100 ea. Hatchery tanks;
8pcs. @ $200 ea. Growout tanks; 25pcs. @ $300 ea. Plus general PVC plumbing for air
and water at $9,000 lump sum estimate.

9) Pumps: 2 submersible pumps for well at $800 each and 2-3 small submersible pumps
for total cost of $500.

10) Blowers/Aerators: 2 blowers at $700 each.

11) Fence/Lights: Perimeter fence and outdoor security lighting lump sum estimate of
$2,500.

12) Pick-up Truck: Purchase used truck for $10,000.

13) Storage Sheds: 2 sheds at $300 each. One shed for storage and one for office/lab.
14) Generator and Electrical: one generator at $2500 and $2000 electrical work.

15) Lab Equipment: One microscope at $1500 and $200 of laboratory glassware and
supplies.

16) Miscellaneous: 10% of cost of capital costs (except for pick-up truck).

17) Total Capital Costs: Sum of items 7 through 16 above.
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Table 9. Cash Flow Assumptions (continued)

OPERATIONAL COSTS

18) Broodstock: 20 pairs clownfish with anemones at $30 per clownfish pair plus
anemone.

19) Feeds: 1st Qtr: $1000 for Artemia and $2,626 for Inert feeds for hatchery based on
start-up assumptions. 2nd Qtr: No feed purchase required. 3rd Qtr: Cost of feed for
broodstock and grow-out for one month. 4th Qtr: Cost of feed for broodstock and grow-
out for two months. Yearly thereafter $13,403 for 12 months of hatchery and growout
feeds based on assumptions in "Growout Production Assumptions” section.

20) Medications: Lump-sum estimate of $500 per year.

21) Equipment & Supplies: Cost of algae nutrients, hosing/tubing/netting/screens,
glassware, and buckets/nets. $3,250 per year lump sum estimate.

22) Electricity: Estimate of $500 per month.

23) Management/labor: Salaries/benefits for owner/family at $3000/month for first year
and $3500/month each year thereafter.

24) Audit/Legal/Insurance: Lump sum estimate of $200 per month.

25) Lease: $500/month for 1/2 acre site.

26) Maintenance: Estimated at 4% per year of total capital costs (o cost for 1st quarter).
27) Contingency: 5% of operating costs each quarter or year.

28) Loan Payments: No payment for first quarter, then monthly payments based ona 10
year loan of $90,000 at 16% and 4% interest for tables 7 and 8, respectively.

29) Taxes: Estimate based on 3% of sales costs.

30) Total Operating Costs: Sum of items 18 through 29 above.

31) Total Qutflows: Total Operatmg Costs plus Total Capstal Costs.

32) Net Cash Balance: Total Inflows minus Total Outflows.
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DISCUSSION OF RESULTS:

Objective 1. C-Quest struggled in the begimmg of its operation with several problems.
mcluding permitting delays, disputes with government agencies. personnel probiems.
difficulty in getting quality broodstock. disease and water quality problems. The company
has survived the difficulties of start-up and is now becommg successful from a biological
perspective, culturing large numbers of clownfish as well as several other high-value
species (e.g., Pseudochromis sp. and the Comet). C-Quest is not yet profitable, but 1t is
expected to hit the break-even point and begin making a profit before the end of the year
(W. Addison, per. comm., 1996). The company has put emphasis on research and
development of new species, and this should continue to pay off in the future and increase
profitability of the company. C-Quest could benefit from more effective marketing, and
higher prices could probably be obtained for their fish, making the company more
profitable.

Reef Propagations is a family owned and operated business, and was started by a2 marine
aquarium hobbyist without biological training or experience in aquaculture. Reef
Propagations has the advantage of being very close to a large market, and has been able to
get relatively high prices for the clownfish it produces (probably as a result of savings on
shippmng costs to the customer). The fish produced have good coloration and the
percentage of saleable fish is nearly 100 percent. The company has also benefited by
buying some other species of clownfish from another hatchery (C-Quest) and resellng
them at a profit, thereby increasing product diversity and sales volume. The capital costs
for replicating the culture facility (building aiready provided) is less than $10.000.
Although this operation is successful financially, the company has had some technical
problems that have limited production and profitability in the last two years, These
problems will probably be resolved in the near future. The ultimate goal of this small
facility is 450 fish per week with gross sales of 70,000 per year and anticipated operating
expenses of about $10,000 to $15,000.

Desert Fisheries has achieved initial success using an unlikely source of saltwater (i.e.,
marine geothermal water in Utah), for their hatchery operation. The water is not the same
as natural seawater in chemical composition, being low in sulphates and magnesium and
having 2 low pH. Ammonia is also present at about 0.2%. The temperature of the
incoming water is 90° F. Various water treatments were tried at one time, but the
untreated water was found to provide better results than the treated water (L. Neison. per.
comm., 1996). Aquarium Systems and one or more other business partners backed out of
the business because they didn't think the hatchery would be successful using the marine
geothermal water. Desert Fisheries has good results culturing some species of clownfish
using their water, but they have had difficulty breeding other species (dmphiprion clarkii,
A. perideraion and Premnas biaculeatus), and this may be related to the different water
chemistry of their saltwater. However. the compeny is producing several hundred
marketable fish per week and obtaining a high market price.
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SeaPhiz believes that their technology has the potential for cuituring 100 to 125 species of
marme ornamental fish. The algae scrubber technoiogy used in these culture systems is
reported 1o be very efficient at removing ammonia and other waste products. with no
water changes being required n the last 1.5 years of operation (J. Walch, per. comm.,
1996). The company is not selling their hatchery system technology at this time, but has
decided to test the facilities they have in operation first to evaluate the potential for
commercial culture of marme ornamental fish and invertebrates.

After more than ten years of operation, Dynasty Marne Associates phased out their
hatchery operation because the company could not make a profit raisimg clownfish m the
Florida Keys. This was due mainly to the high cost of labor and electricity. Air
conditioning was required in the hatchery m the heat of the summer, and heating was
required in the colder winter months (F. Young, per. comm., i996).

Aqualife was never profitable and finally closed down as a result of cost-cutting measures
by the parent company, Precision Valve Corporation. One of the main problems affecting
profitability at Aqualife was poor water quaiity. The saltwater wells that supplied that
hatchery became contaminated by petroleum from the nearby power plant. Other wells
were later drilled farther away from the power plant. but the water from these wells
contained a high concentration of iron. Aqualife had plans for setting up an mtake pipe to
pump water directly from the ocean, but the hatchery operation was closed down before
the project was completed (G. Waugh, per. comm., 1996).

When the Instant Ocean hatchery operation shut down, the company was selling clownfish
at about $1.65 per fish, with a production cost estimated to be about $2.25 per fish.
Several things contributed to the high production cost. Personnel costs were high due to a
large number of employees and a staff top-heavv with management personnel. Saiaries
were 53.9% of the monthly operating expenses, acd the hatchery operations could have
been conducted with half the number of personnei that were on staff (Hoff, In Prep.). The
hatchery used artificial sea salts in a recirculating system, but the filtration system used
(sub-gravel filters for biological filtration) was not very efficient compared to the filtration
technology available today (F. Hoff, pers. comm, 1996). Another problem was that
juvenile survival in grow-out was about twice the amount of those fish that were
considered marketable (i.e., overall survival in grow-out was 43.6%, but 23% of the
survivors were discarded as unsalable). The production of a large number of fish that were
unmarketable greatly increased the cost of production.

Objective 2. Literature on marine ormnamental culture is becoming more abundant.
aithough little scientific research has been done in the past. Most of the availabie
information on spawning and rearing marine aquarium species comes from aquarium
hobby publications. although some research institutions have recently begun research
programs on marine ornamentals. Advances in rearing techniques for other marine species
can be applied to the culture of marine aquarium fish and shrimp.
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Objective 3. Several species of marine aquarium fish on the Micronesian Species List have
been reared commercially or on an experimentai level. The Banded goby or Dragon goby.
Amblygobius phalaena, has been reported to be successfully cultured by a commercial
hatchery in England. Desert Fisheries is also attempring to cuiture this species. but the
small larvae will not eat rotifers and the company has yet 1o get the larvae to survive to the
juvenile stage (L. Nelson, per. comm., 1996). A related species. Rainford's goby, has been
cultured in smail quantities by C-Quest. although the larvae are also difficult to rear m
large numbers because the tiny larvae cannot eat rotifers during the first 4 to 5 days.
Ciliates and copepod nauplii were successfuily used to get a few larvae through to the
juvenile stage (W. Addison, per. comm., 1996). These two species have potential for
commercial culture in Micronesia, although they will be more difficult to culture than
many other species.

All the clownfish species have been cultured on a commercial or semi-commercial basis by
several companies or research institutions, aithough Amphiprion chrysopterus is reported
to be especially difficult to get to spawn in captivity and this species is probably not bemng
reared commercially at the present time (Young, 1991A). Due to its limited availability to
the aquarium hobby and striking appearance, this species has a higher market vaiue than
most other clownfish species. Probably the only exception is 4. latezonatus, which is even
less common in the aguartum trade and has a wholesale value of about $25 per fish.

The Comet has been successfully cultured by at least three companies, and commands a
high price m the aquarium market (Wassink and Brons, 1990; Brons, 1995). It is reported
to be difficult to induce to spawn, but the larvae are relatively easy to rear (Wilkerson,
1996). The Citron amd Olkinawa gobies have been commmercially cultured by C-Quest
(Gutierrez, 1996; Wilkerson, 1996). The Yellow prawn goby has also been reared in
captivity and wiil probably become available commercially m the future. The Purple-
headed sand tilefish, Hoplolatilus starcid, is uncommon in the aquarium trade and no
attempts to culture this species have been reported, but the small size, stunnmg
appearance and high market value of this species make it worth investigating, The Striped
bienny has been reared in captivity, and a related species, the Lyretail blenny Meiacanthus
atrodorsalis, could probably also be reared, making these species good candidates for
commercial culture in Micronesia. The dartfish (Nemateleotris sp.) are small colorful fish
that are popular for marine aquariums. At least one species of dartfish (N. decora) has
spawned in aquariums, although the eggs are reported to be only about half the size of
clownfish eggs (Schiller, 1990). No attempts to rear the larvae have been reported.

The Round batfish Platax orbicularis is reported to be under cultivation in Taiwan (Liao
et al., 1995). A related species, the Atlantic spadefish. has also been cultured m captivity,
and captive spawning and larvai rearing are not difficult (Walker, 1991). No published
information was found on spawning or larval rearmg of the other two species of Indo-
Pacific batfish. However, these latter species (P. pinnatus and P. teira) are likely to have
similar requirements for cultivation and have a much higher market value. No published
information was found on spawning or larval rearing of the Magenta dottyback. However.
this species and three other Pseudochromis species have been commercially reared by C-
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Quest, Inc. (W. Addison, per. comm, 1996). Adult P. fridmani begm spawnmg before
they are a year old, and produce a spawn of about 1000 eggs every 5 or 6 days. The larvae
can eat rotifers when they first begin feeding, and can begm eating 4rtemia nauplii within
a few days (M. Moe, per. comm.. 1996). However, larval survival appears to be better
when wild plankton is provided. and this may indicate nutritional problems that need to be
addressed. No reports of cuituring the Foxface (Siganus vulpinus) were found, but other
rabbitfish of the genus Sigamus have been successfully cultured on an experimental or
commercial basis, and it is likely that the Foxface couid also be cultured.

The Zebra goby (Ptereleotris zebra) spawns on a consistent basis at the GADTC, but
larval rearing to date has not been successful, due to the extremely small size of the larvae
and the difficulty in providing a suitable food. The Blue-streak goby (Valenciennea
strigata) also spawned on a regular basis at the GADTC, but the larvae of this species is
similar  size to the Zebra goby larvae, and they also have not been successfully reared.
These gobies are popular aquarium species and have a good market value. It is believed
that success with both of these species, as weil as the Maiden goby (V. puellaris) and
many other more highly valued marine aquarium fish, could be achieved if oyster larvae or
other similar sized organisms could be suppiied on a consistent basis. Until this happens,
species with very small larvae are not recommended for commercial culture.

Many other species of commercially vaiuable marine aquarium fish from other parts of the
world could be cultured in Micronesia if their importation for mariculture is permuted.
These include some of the clownfish species (e.g., Amphiprion frenatus, A. latezonatus. 4.
ocellaris, A. percula, A. polymnus, and Premnas biaculeatus), most of the dottybacks
(Le., Pseudochromis dutoiti, P. flavivertex, P. fridmani, P. paccagnellae, and P.
springeri) and several other species that have been reared in captivity (Appendix 4).

Several specics of marine ornamental shrimp have been successfully reared i caprivity,
and a few species (e.g., Lysmata debelius and Hymenocera picta) appear to have good
commercial potential. Although the larval period of these species are relatively long (i.c.,
35 to SO days), it is manageabie and can probably be decreased somewhat with improved
rearing methods. A potential problem with commercializing omamental shrimp cuiture
may be in producing large enough quantities of juveniles (M. Moe, per. comm., 1996).

Objective 4. Broodstock pairing was a problem area throughout the study. None of the
Cinnamon clownfish (dmphiprion melanopus) were obtained as mated pairs. but were
collected as groups of unpaired fish. Cannulation to determine the sex of the fish was
partially successful in the beginning, resuiting in two mated pairs. However. the sex of
many of the fish coukl not be determined by cannuiation, and these fish may not have had
mature eggs or sperm at the time. The fastest and most reliable method for obtaining
mated pairs of aquarium fish for broodstock is to collect naturally mated pairs from the
wild. With clownfish, it would also be helpful to collect the anemone that the par was
occupying. Anemones are not required for breeding most clownfish. but are desirable if
available for stimulating more natural behavior and facilitating pair formation. Some
species of clownfish prefer a particular type of anemone. Mated pairs can usually be
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obtamed by placing together one Jarge clownfish (ie., a femaie) with a smail clownfish
(immature or male fish), or by placing together two immature fish. However, these latter
methods may take several months to obtam mature pairs. Another alternative to coilecting
wild caught clownfish pairs or trying to pair up individual fish. is to purchase pairs of tank-
raised clownfish. A U.S. company called The Breeder's Connection, a division of Aquatic
Technologies, offers medium to large pairs of tank-raised clownfish of the following
species: Amphiprion bicinctus. A. clarkii. A. ephippium. A. frenatus, A. ocellarts, A.
percula, A. sandaracinos, and Premnas biaculeatus. Aithough this option may seem
expensive or impractical for a hatchery in Micronesia, it may be a good source of
broadstock of clownfish species that are not found locally and not frequently imported.
such as A. bicinctus and A. ephippium.

Broodstock tanks of about 140 to 160 liters shouid be adequate for conditioning and
spawning most species of clownfish. Using tanks that are larger than required adds to the
initial cost of construction and makes for less efficient use of resources. An exception 1s
Amphiprion chrvsopterus, which is reported to require a larger tank for spawning (Y oung,
1991 A). Broodstock of this clownfish species should probably be kept in tanks of at least
400 liters. Larger or more active species of marme aquarium fish may also require tanks
that are 400 liters or larger m size to stimulate spawning. Water depth may be as
important as volume for some species, and deeper tanks may be desirable for species that
exhibit a large spawning ascent during courtship.

Strong lighting is required to maintain healthy anemones. Relatively strong lighting
(15,000 to 50,000 lux) is also desirable for broodstock and grow-out culture, and artificial
lighting, preferably from full spectrum light bulbs, may be used to supplement naturai
sunlight if needed to reach the desired light mtensity. Commercial hatcheries, such as C-
Quest. and formerly Aqualife, use transiucent fiberglass roofs that allow about 50% of
incoming suniight to enter the hatchery facility, which may resuit in hatchery light levels as
high as 50,000 lux on a bright day in the tropics. Spawning occurred in the Blue-streak
goby and Banded coral shrimp at maximmum light ievels of only about 1,000 to 1,500 lux.
However, higher light levels may have resuited in better maturation and more frequent
spawning. Natural sunlight has been reported to aid in mamtaining good coloration mn
marine aquarium fish (McLarney, 1985). However, high light intensities occurrng under
direct sunlight (e.g., about 75,000 to over 100,000 lux) wiil stimulate rapid growth of
filamentous algae and add to the maintenance. Clownfish heid in tanks with excessive
filamentous algae may develop more subdued or washed out coloration. Larvae of at least
some species of marine fish are reported to be sensitive to strong lighting (Wassink and
Brons. 1990), and reduced light levels (1,000 to 5,000 lux) should be adequate. and in
some cases required for obtaining optimal results in larviculture.

Good nutrition is required for broodstock to promote frequent spawning, large spawn
size, and healthy eggs and larvae. Marine aquarium species have high nutrmtional
requirements because of the high frequency of spawning, and a high quality balanced diet
is needed in addition to a diet of fresh or frozen and live seafoods to achieve optimal
resuits (D. Fletcher, per. comm, 1996). However. a commercial diet that meets all the
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nutritional requirements for breeding marine aquarium species does not appear to be
readily available at this time.

The low level of spawning in the clownfish beld at the GADTC may be due primarily to
meffective conditioning of broodstock as a resuit of deficiencies m broodstock nutrition.
There may have been msufficiemt quantities of vitamms or other micronutriems and
essential fatty acids in the frozen diet fed to the broodstock. The frozen diet used in this
project was relatively low in lipids, and a higher ievel of fat may be required for optimizing
broodstock conditioning and juvenile grow-out (H. Ako, per. comm., 1996). Live foods,
especially when enriched with fatty acids and other nutrients, are an exceilent food for
conditioning fish for spawning. However, they were often not available as a2 supplement
for feeding the broodstock during this study. Also, the size and quantity of feedings may
not have been adequate for maturation and spawning. Due to restraints in staffing and
other resources, the broodstock were usuaily fed oanly twice daily with the frozen diet or
dry feed. Commercial clownfish hatcheries typicaily provide four feedings daily to
broodstock, including at least one feedmg with live food.

Broodstock shouid be fed four times daily, using a high quality frozen diet and enriched
live adult 4rtemia or other enriched live food. The frozen diet should have high levels of
highly unsaturated fatty acids (HUFA) and particularly DHA (docosahexaenoic acid),
carotenoids (astaxanthin), and vitamins (especially vitamin C in a stabilized form). A good
source of carotenoid pigments are two species of krill (Euphausia superba and E.
pacifica). Astaxanthin and other carotenoid pigments can also be obtained commercially
from at least one pharmaceutical manufacturer. The addition of spirulina may also provide
pigments in the diet. Deficiencies in HUFA, especially DHA, have been shown to result m
lower stress resistance and lower egg quality. Carotenoids are important for enhancing
coloration and may have nutritional benefits as well, possibly as antioxidants.

Clownfish juveniles may be moved from the larval tanks to mursery or grow-out tanks
after about three weeks, but 1t is probably better to wait until day 30 before moving them
Very young juveniles are more susceptible to handling stress, especiaily if they have any
nutritional deficiencies, and losses could occur during the transfer process. Relatively high
levels of dietary DHA have been shown to reduce stress-related mortality in marine fish
postlarvae (Ako et al., 1994). Adequate DHA. levels can be supplied to larval clownfish
through the use of commercial enrichment diets to enrich rotifers and Artemia with this
HUFA. One feed manufacturer has developed a diet for mahimahi that may give good
results for grow-out of marine aquarium fish and another company has an Artemia flake
diet enriched with HUFAs that has worked very well for improving broodstock
performance of freshwater ornamental fish (H. Ako, per. comm., 1996). A frozen Artenma
product. enriched with HUFAs, is also available commerciaily and may be a good
supplement or mgredient in broodstock and grow-out diets for marine aquarium species.
Lipid levels shoukd be above !15% and perhaps as high as 25-30% to optimize juvenie
growth and broodstock egg production. The grow-out diet should also be fortified with
vitamins (especially with high levels of vitamin C) and high levels of astaxanthin (e.g., 100
ppm or higher of astaxanthin).
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Grow-out of juvenile clownfish was not optimized in this study, alhough some
umprovement was made later in the project. Market size fish should be produced within
approximately 3 to 4 months of grow-out under good conditions. Slow growth m some
batches of clownfish probably resulted from inadequate feeding levels and nutrition. Fish
m grow-out were only fed twice each day, whereas in most commercial hatcheries the
grow-out fish are usually fed four times per day. The method of feeding the frozen diet
was also not very efficient (ie., larger pieces of food often fell to the bottom and were not
eaten by the fish), primarily due to the lack of proper equipment to grind the food to a
small uniform size. As a result, the amoumt of food consumed at each feeding was
probably less than required for good growth. The nutritional value of the grow-out diet
was not optimized in this study and shoulkd be improved. However, some improvements
were made in feeding the juveniles during the course of the study, and better growth was
obtained. Fish should be size-sorted at frequent intervals during the grow-out period to
prevent mhibition of growth in the smatler fish Deformed fish should also be culled out as
soon as possible during the grow-out period (i.e., as soon as the fish are large enough for
deformiries to be detected). Early culling will decrease overail costs of production and
provide more space and faster growth in the remaining fish.

The higher incidence of deformities in juvenile clownfish from a couple of the latter
spawns reared may have been due to a nutritional deficiency i the broodstock diet.
because vitamins were often omitted from the frozen broodstock diet during the last
several months of the grant. Fletcher and Wilson (1996) found that vitamm C deficiencies
in the diet of Amphiprion clarkii broodstock resulted in significant increases (36% to
83%) in the incidence and severity of certain deformities. In addition, the 24 hour post-
hatch larval survival was 10% to 15% lower i these fish.

However, deformities may have also occurred due to problems m larval rearing. [nstant
Ocean Hatcheries found that individual tanks of fish frequently had 50% to 30% salable
fish and 80% to 98% survival, while other tanks had 0% to 20% salable (Hoff, In Prep.).
However, since both types of resuits often came from fish from the same spawns, it
appears that the problem occurred due to rearing conditions in the individuai tanks
(probably a combination of water quality and feeding/nutrition problems). Earichment or
booster diets that contain vitantins can be used to increase the vitamin level in rotifers and
Artemia fed to the larvae, and this may aiso aid in reducing deformities and increasmg
overall health of the larvae. The time around metamorphosis appears to be a particularly
sensitive time, where suboptimal conditions can lead to increased incidence of deformities
(F. Hoff, per. comm.. 1996). The low incidence of deformities in fish from most of the
spawns cultured at the GADTC suggests that problems of deformities can be kept at a
very low level if time and resources can be put into optimizing diets and rearing
conditions.

Coloration was good during the first half of the study, when fresh shrimp was available for

use in the clownfish diet. The shrimp was believed to provide carotenoid pigments m the
diet. However. shrimp was not available later in the study and this probabily contributed 1o
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the reduction in bright coloration observed towards the end of the project. This coloration
problem can easily be corrected if sufficient quantities of carotenoid pigments are put back
mto the diet.

The Zebra goby pair spawned regularly throughout the study, mdicating that the
broodstock diet and maimenance were adequate for promoting spawning. However, there
were a couple periods of time when the interval between spawns was extended to about
twice the normal interval. This may have been due to inadequate broodstock nutrition
during certam periods, or it may have been a natural period of reproductive mactivity.

The Blue-streak goby pair spawned regularly before being moved to another smailer tank.
This disturbance probably disrupted their spawning behavior. One of the fish also became
noticeably thinner after the move, and may not have been gettmg enough food to mamtam
it in spawning condition. It is also possible that spawning may be seasonal in this species,
although most reef fish appear to have extended or year around spawning, especially m
locations near the equator.

A variety of shapes and sizes of tanks can be used for larval rearing, including aquarmums.
However, round fiberglass or plastic tanks with a depth of thirty mches or more are
standard for rearing larval marine fish, and probably are the most efficient design. The
siles of the tank should be a dark coior to provide a better visual contrast of food
organisms against the background, and white bottoms allow for easier cbservation of the
larvae by the larval culturist. Tanks of 300 liters or larger are preferable to smaller tanks
for commercial culture situations.

The ss-strain of rotifer is now being mass-cultured on a routine basis at the GADTC and
has been successfully used as a first food for larval rearing of Amphiprion melanopus and
the early stages of Stenopus hispidus. The ss-rotifer is smaller than the s-strain of rotifer
and should have better potential for rearing smail larvae of some marine aquarium fish.
However, larval rearing of the Blue-streak goby and Zebra goby remains unsuccessful. due
to the lack of a suitable-sized live food during the first few days of feeding. The larvae of
both species of goby are apparently too small to eat ss-type rotifers at first-feeding, and
complete mortality always occurred after a few days, probably due to starvation. The
larvae of many other species of marine aquarium fish have been reported to be too smail to
eat rotifers at first-feeding, and there have also been reports of the larvae of some species
(e.g., Pomacanthus sp.) refusing 1o eat rotifers cven though the larvae are large enough to
eat them (Young, 1994A and 1994B). Sieving the smallest rotifers out of the GADTC
cultures was not attempted, but may give better resuits than using the entire size range of
the rotifer cultures.

Sea urchin larvae were not obtained on a dependable basis, and adequate quantities were
not available to accurately evaluate 1ts potential for rearmg goby larvae and other small
fish larvae. It is not known whether problems in spawning the sea urchins later m the study
was due to nutritional deficiencies in the sea urchins held at the GADTC, or if spawning in
this species is seasonal Also. the sea urchin larvae grow fairly rapidly and need to be fed
soon after hatching (Figures 12 and 13). Fertilized sea urchin eggs may also have potential
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Figure 12. Swimming stage of the sea urchin (Echinometra mathaei) at 9 hours after
fertilization. Size is about 60-70 microns.

Figure 13. Early Pluteus stage sea urchin larvae at 28 hours after fertilization. Size 15
about 100-120 smcrons.
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as a live food. but some method of suspending the eggs in the water colurn is needed that
will not damage the larvae.

Similar problems were encountered in producing oyster larvae. Induced spawning was
only successful on two occasions. although the procedure was attempted over 20 times.
Attempts to dissect out the gonads and manuaily mix the eggs and sperm were also
unsuccessful. because there was very little eggs or sperm in the gonads, indicatng that the
oysters were not ripe for spawning. The species of oysters found on Guam are reported
to have some spawning activity throughout the year, suggesting that a nutritional problem
prevented them from being in spawning condition.

Oyster and sea urchin larvae may still bave good potential as 2 live food for marmne
aquarium fish larvae. but methods need to be developed for conditionmg and spawning the
adults in captivity. Braley (1982 and 1984) provides information on the reproductive
biology of these oysters. The major peak in spawning activity in the larger oyster
Crassostrea echinata. occurred in March and the development of another was observed i
late November. The smaller species. Saccostrea cucullata, was found 1o have a low level
of contmuous reproduction with three main peaks throughout the year, m November-
December, March-April, and late June. The difficulty in spawning these oysters. especially
C. echinata, may be due to natural seasonal reproductive periodicity. Oyster trocophores
are reported to be a good first food for successful culture of some species with small
larvae (¢.g., Yellowtail snapper), but the larvae of some other species will not eat them (J.
Holt, per. comm., 1996). Alternate live foods should be exammed for culturing species
with very small first-feeding larvae. Other possible live foods mclude cultured copepods.
nematodes, and ciliates.

Fecundity in the Banded coral shrimp did not decline with time in captivity, indicating that
broodstock maimenance and nutrition were adequate for spawn production. However,
improvements could be made in the broodstock diet and feeding to maintain maximum
output of quality larvae. The spawning data shows that the Banded coral shrimp are able
to spawn every two to three weeks throughout the year. A few gaps in the spawning
record for two of the pairs is more likely due to unreported or unobserved hatches rather
than actual disruptions m their spawning rhythms.

Although only a limited number of rearing trials were attempted. larval rearing of the
Banded coral shrimp improved during the study, and in the most successful trial some
larvae appeared heaithy and probably would have survived much longer if the tank had not
become contaminated with hydroids and jellyfish. The appearance of large numbers of
hydroids and small jellyfish medusae in the larval Banded coral shrimp tanks shortly before
complete mortality of the larvae strongly suggests that the hydroids and medusae were the
cause of the mortality, possibly due to stinging the larvae. However. the larvae were
bigger than the medusae and no larvae were observed to be captured by them. It is
unlikely that the hydroids and medusae fouled the water or ate ail the Arremia. since the
tanks were on 2 continuous flow-through of seawater at the time and there was an
abundance of Arremia in the tank. The hydroids and jellyfish medusae have occasionaily
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been observed im Macrobrachium larval rearing tanks at the GADTC, and may come m
with the seawater from the saltwater wells. Contamination of the larval tanks with
hydroids and jellyfish was successfully prevented m the last couple of larvai rearing trials
by filtering the water with a five micron filter bag. However. only Artemia was used as the
larval food m these trials to avoxd possible contamination from the rotifer cultures, and the
larvai shrimp experienced relatively large mortalities m the first two weeks and the tnat
was discontmued. Better survival of Banded coral shrimp larvae early in trials where
rotifers were fed suggests that the rotifers were more nutritious than 4rremia naupiii for
the larvae or that the larvae were having difficuity capturing and consummg enough of the
Artemia,

No special environmentai cues are required to initiate metamorphosis in Banded coral
shrimp (D. Jones. per. comm., 1995). However, the larvai period is very long compared to
most fish or shrimp larvae, and laboratories that have successfully reared Banded coral
shrimp larvae through to the juvenile stage report metamorphosis occurring after more
than 100 days (D. Fletcher, per. comm, 1996; L. Creswell, per. comm. 1996). The
extremely long larval period of the Banded coral shrimp makes the commercialization of
this spectes more difficult compared to other more valuable aquarium shrimp with shorter
larval periods. In addition to the added time and expense of raising species with long larval
periods, there is a higher probability of problems developing before the larvae reach the
juvenile stage (L. Cresweil, per. comm., 1996). The larvae aiso appear to be very sensitive
to nutritional deficiencies (D. Fletcher, per. comm, 1994).

Objective 5. There appears to be a growing trend towards tighter restrictions on the
barvest and import/export of marine tropical fish and nvertebrates. This trend should
ultimately work to the advantage of the commercial hatcheries, with the reduced
availability of wild-caught fish making the tank-raised fish more competitive in the marke?.
It is quite possible that at some time in the future, the harvest and sale of wild-caught reef
fish and invertebrates will be completely banned for those species that are bemg cultured
i captivity. Pyle (1993) provides additional imformation on the status of the marine
aquarfum industry in the Pacific region.

Objective 6. Maricuiture certification does not appear to pose a problem for the growth of
the industry. Government cerification of approved hatchery facilities, with periodic
inspections could insure that marine aquarium species are captive-bred.

Objective 7. A clowafish batchery and grow-out facility can be profitabie if a reliable
production of marketable juveniles can be achieved and all marketable fish produced can
be soid at a minimum price of $2.25 each. The business could be more profitable if several
species of clownfish were raised, especially less common species. to achieve more
diversity and a slightly higher average price. Higher prices for market size clowafish are
possible, and this would resuit in a higher level of profitability. Reef Propagations 1s
obtaining berween $3.25 and $4.00 per fish (J. Lichtenbert. per. comm., 1996), and Desert
Fisheries is obtainimg $6.00 per fish (L. Nelson. per. comm., 1996). A hatchery for manre
aquarium fish would aiso be more profitable if some production of other higher vaiue
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species (e.g., Pseudochromis sp. or the Comet) was added to supplemem clowntish
production and achieve a higher average price for fish produced (perhaps two or three
active pairs of each of the other species). Inactive broodstock should be repiaced quickiy
with active spawning clownfish or other species. Additionai low cost, low mamienance
hoiding tanks couid be added to keep new broadstock m reserve. Examples of spectes that
couid be cultured in a commercial hatchery in Micronesia and ther estimated farm gate
value are listed below:

Micronesian Species Farm Value *
Amphiprion bicinctus $3.75

A. chrysopterus $4.00

A. clarkii $225

A. ephippium $3.75

A. melanopus $2.25

A. peridergion $2.50
Pseudochromis porphyreus $10.00
Imported Species Farm Value *
Amphiprion ocellaris $ 250

A. frenatus $ 2.50
Calloplesiops altivelis $10.00
Premnas biaculeatus $ 3.50
Pseudochromis dutoiti $15.00

P. flavivertex $10.00

P. fridmani $10.00
Hymenocera picta $ 9.00
Lysmata debelius $10.00
Lysmata grabhami $ 7.00

* Estimated or potential value to producer based upon information obtamed from
commercial producers or wholesale price lists. When prices varied between producers. the
lowest price normaily obtained was used for these estimates,

Some of the higher-priced species are harder to produce (e.g., Amphiprion chryvsapterus.
Calloplesiops altivelis, and Lysmata debelius) or can only be marketed i smail quantities
(e.g., Pseudochromis sp. and Hymenocera picta). However. the production of a smail
quantity of these higher-priced species in addition to the more easily cultured and lower-
priced species can improve the economic return and the larger product diversny wil
facilitate marketing efforts.
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RECOMMENDATIONS FOR CULTURE OF MARINE AQUARIUM SPECIES:

¢ Collect naturally mated pairs from the wild when possible.
» For clownfish broodstock. try to collect the anemone the pair was occupying or at
least another anemone of the same species.
o [If mated pairs of clownfish cannot be collected. place together one large clownfish
(i.e.. a female) with a small clownfish (immature or mate fish) less than 4 cm in length.
o Use broodstock tanks (aguariums) of 120 to 160 liters for clownfish broodstock. For
Amphiprion chrysopterus. use a tank of at least 400 liters. '
e Use strong lighting (i.e., light intenstty of 15,000 to 50,000 lux) for broodstock and
grow-out. Use natural suniight or full-spectrum bulbs in artificiai lighting.
o Use lower light levels (i.e., light mtensnty < 5,000 lux) for larval culture.
e Feed broodstock four times daily, using a high quality frozen diet and enriched live
adult Artemia or other enriched live food. A high quality dry diet formulated for
marme fish culture may be substituted for one feeding, if available.
e Frozen diets for broodstock and grow-out should have lipid levels above 15% and
high levels of HUFAs (particularly DHA), carotenoids (primarily astaxanthin at 100
ppm or lngher), and vitamins (especially vitamin C and vitamin E).
e Use round tanks with depth of thirty mnches or more for larvai rearing. The tanks
should have dark sides and a white bottom.

e Feed larval clownfish enriched rotifers for the first ten days, and Artemia nauplii from

day 7 to day 15. Enriched 24-hour Artemia and small particle size artificial diets
should be fed beginning at about day 15. This feeding schedule may need to be
adjusted based upon growth rate of the larvae.
o Use live foods (e.g., rotifers and Artemia) that are enriched with HUFAs and vitamms
whenever possible in larval culture.
¢ Use microaigae during the rotifer feeding stage of larval culture. Species that can be
used inchude Chaetoceros gracilis, Isochrvsis sp., Nanrochloropsis ocuiata.
Rhodomonas sp. and Tetraselmis sp.
o Use daily water exchange or continuous flow-through of seawater after the larvae are
feeding on Arremia.
¢ Move clownfish juveniles from larval tanks to nursery or grow-out tanks at 25 to 30
days. Move a few fish and watch for handling stress problems before moving ail the
fish in a tank.
Stock larval tanks at no more than 5 fish per liter.
Stock grow-out tanks at oo more than one fish per liter.
Feed fish four times per day in grow-out. with two feedings of a high quality frozen
diet and two feedings of a high quality dry diet (flake or crumble) formuiated for
marine fish.
o Young juvenile clownfish should receive a supplement of live enriched Artemig for the
first two to three weeks after they are transferred to the nursery or grow-out tanks.
o Sort juveniles for size at frequent intervals during grow-out.
Examine juveniles at an early age for deformities and contmue checking them
throughout the grow-out period. This can be done when size-sorting the fish.
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Deformed fish should be culled out as soon as possible and not offered for sale (except
possibly as feeder fish).

o Offcolor fish shouid be fed diets with higher levels of carotenoids for 4 to 6 weeks
before they reach market size (3 to 4 mm) to improve coloration.

» Keep excessive filamentous algae growth out of ail rearmg tanks.

e Use live foods (e.g., rotifers. Artermia, nematodes) enriched with HUFAs, vitamms and
carotenoid pigments for larval culture of marme aguarum shrimp.

CONCLUSIONS:

Advances have recently been made in the culture of marine aquarum fish and
invertebrates, as reflected in the literature and the mcreasing diversity of species under
commercial cultivation, Although some major marine aquarium fish hatcheries have closed
operations in the last few years, the remaining commercial and research facilities are
improving their production capabilities and economic potential. Increased diversmy of
species and production of more highly-valued species are positive trends occurring m this
mdustry.

Several marine aquarium species occurring in Micronesia have been identified as prime
candidates for aquacuiture production. Some of these, such as the clownfish species, some
of the gobies, the Comet, and the Magenta dottyback. have been successfuily cultured in
other parts of the world. Other valuable Micronesian species may prove to be conducive
ta captive rearing with additional research.

The Cinnamon clownfish Amphiprion melanopus, was successfully cultured m this project
and demonstrates the feasibility of marine aguarium fish culture i Micronesia. Spawnmg
was achieved for two species of goby, although the tiny larvae were not successfully
reared. A live food that is significamtly smaliler than the ss-stram of rotifer will be required
in large quantinies to rear these species and other valuable marme aquarium fish that have
very small first-feeding larvae. Problems in obtaining mated pairs of clownfish can be
solved through ncreased efforts at collecting mated pairs from the wild or by collectmg
small juveniles and pairmg them with other juveniies or adult fish (although these latter
methods will take more time).

Better quality prepared diets and enriched live feeds, as well as improved feeding methods
can be used to properly condition the broodstock pairs to achieve better spawning
performance, as well as improved larval quality and survival through first-feeding stages.
New live feeds for species with very smail firsi-feeding larvae are currently being
developed by a private company in the United Kingdom. increasing the potential for larval
culture of many reef fish (D. Fletcher. per. comm., 1996).

Good growth was obtained with one batch of clownfish juveniles. and market size (3 to 4

cm) fish can be obtained after three to four months if attention is given to optimizing
nutrition and feeding. Marketability, in terms of coloration and appearance (i.c.. lack of
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deformities) was high with most batche- of clownfish juveniles reared in the study, and
high quality fish can agam be obtaine.. by optimizmg nutrition durmg ail phases of
production.

Regular spawning of captive broodstock of the Banded coral shrimp occurred during
much of the study and consistent production of newly hatched larvae should not be a
problem for thetr culture. However, larval rearing of this species 18 a long and difficult
process, and the potential for their eventual commercial production is poor. Other species
of marine aquartum shnimp, such as Lysmata debelius and Hymenocera picta are much
more pronismg candidates for commercial culture.

Regulatory constraints for the import/export of marine aquarium species will increase in
near future, but this trend towards restricting the coliection of wild-caught animais favor
should work in the favor of captive breeding programs. Maricuiture certification of
cultured aquarium fish can be done without much difficulty through certification and
moaitoring of government-approved culture facilities.

Competiticn m the aquarium market with cheaper wild-caught fish and shrimp presently
makes commercial cuiture of marme aquarmm fish and shrimp more difficult economically.
However, the commercial culture of various marine ornamental species could be profitable
in Micronesia if the business is set up properly and well managed. The future for
commercial marine aquarium fish cuiture looks even brighter, as more species come under
culture and the reguiatory climate restricts the collection of wikd-caught reef fish.
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APPENDIX L FROZEN DIET FOR MARINE AQUARIUM FISH
GEL MIX RECIPE (MODIFIED WAIKIKI AQUARIUM RECIPE)

1.00 kg fish (marine fish preferred: smeit. reef fish, etc...) *
1.00 kg squud *
0.50 kg trout chow
0.35 kg shrimp ***
0.85 kg vegetables
50 g yeast
3.8 g Vitamm C

3.8 kg subtotal
3.8 L water
7.6 kg TOTAL (Before Gelatin)

760 g Knox Gelatin (10%)

* Other seafood items can be substituted for part of the fish or squid, including the
following: clams, oysters, scallops, marine bloodworms, crab meat, and fish eggs.

#+ Combination of two or more of the following: zuccini, spinach, carrots, green peas, or
romaine lettuce. '

**# [Jse whole, shell-on shrimp. Using only shrimp heads or a too high of a percentage of
shrimp will cause the mix not to gel with 0% knox geiatm.

DIRECTIONS:

Measure out 1750 ml of water to be used i the grinding process. The remainder of the
water (2050 mi) can be set to heat for dissolving the gelatin. Chop all ingredients mto
small pieces and grind in the blender with sufficient water. Add ingredients in about four
equal parts with the addition of water each time and using a spatula to push solid pieces
toward the blades.

Put gelatin in a large mixing bowl add the boiling water (2050 mi), and mix with the
electric mixer, scraping the sides and bottom often. After throughly dissolved. allow the
mixture to cool to lukewarm, mixing occasionaily to hasten cooling and keep gelatm from
lumpmg. When cooled, add ground ingredients to dissolved gelatin and mix. Next add the
Vitamin C and the yeast — but only when the ingredients are lukewarm or cooler. -- and
contmue mixing.

Pour this mixture into 4 to 5 trays and allow to set in the freezer for 12 to |5 mmutes.
Remove trays before the mix freezes and cut into squares. Package the squares i the 21p
lock bags and store m the freezer.
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APPENDIX IL Aquarium Hobby Literature on the Culture of Marine Aquarium
Fish and Shrimp

Addison. B., 1994A. Spawning and Rearing the Blackcap Basslet. The Breeder's Registry,
2(3):1-4.

Addison, B.. 1994B. Spawning and Rearing the Blackcap Basslet (Gramma melacara).
SeaScope, 11:1-3. FalL

Algosaibi, F., 1983, Spawning Mandarin Fish, Freshwater and Marine Aquarium, 6(5):8.

Anon., 1976. On Rearing the Fry of Marine Tropicals. Tropical Fish Hobbyist, 25(11):32-
34

Anon., 1984A. Conditioning and Spawning of Marine Fishes, Part I: Aduit Pairs.
SeaScope, 1:1-4, Spring.

Anon., 1984B. Larval Rearing, Part III: Marine Fish Culture. SeaScope, 1:1-3. Fall
Amdt, D., 1989. Crossbreeding Clownfish. Freshwater and Marine Aquarium, 12(8):8-12.
Bauer, S. and J. Bauer, 1974, Spawning the Catalina Goby. Octopus, {(8):6-11.

Bauer, J.A. and G. Klaij, 1974. Pigmy Angels Spawn. Octopus, 1(5):7-18.

Belanga, S.D., 1993. Clownfish Broodstock: Selection and Pairing. The Breeder's
Registry, [(2):1-4.

Boyd, D., 1956. Spawning the Neon Goby Elacatinus oceanops. The Aquarrum, 25:350-
396.

Brons, R., 1995. Red Sea Fish pHarm. The Breeder's Registry, 3(1):1-6.

Brosseau, R., 1991. Yet Another Clownfish Breeder. Freshwater and Marine Aquanum,
14(5):112-120.

Brown, $.D., 1994. Profiling Centropyge. The Breeder's Registry, 2(2):1-6.
Brown, S.D., 1996. Gobies. The Breeder's Registry, 4(1):1-5.
Cobb, R.V., 1975. Spawning Cloudy Damsels. Marine Aquarist, 6(7):46-49.

Coleman, R.X.. 1966. Spawning Red Cardinais. Salt Water Aquarium, 2(6):144-143.

35 PREPARED BY GADTC



FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Caoper, E., 1991. An Introduction to Rearing Larval Marine Fishes. Freshwater and
Marine Aquarfum, 14(2):120-128.

DeBernardo, J.P.. 1976. Spawning and Rearing the Biue Devil. Tropical Fish Hobbyist.
August, pp. 90-98.

DiMarco, R., 1994, Clownfish Breeding. The Breeder's Registry, 2(4):1-4.

Emmens, C.W., 1988. Reproduction in Marine Fishes, Chapter {0 in Marine Fishes and
Invertebrates in Your Own Home. TFH Publications, Inc., Neptune City, N.J,, 192 pp.

Etherington, W., 1972. Mating Behavior of the Fiji Damsel. Marine Aquarist, 3(1):32-34.
Frakes, T., 1992. Notes on Breeding Clownfish. SeaScope, 9:2, Winter.
Goldstein. R.J., 1989. Breeding Marme Clownfish. Aquarfum Fish Magazine, 1(5):18-23.

Goldstein, R.J., 1990. Tomato Clownfish, Bred and Raised in the Home. Aquarium Fish
Magazine, 3(3):56-59.

Gutierrez, S., 1995. From a Reef's Pomt of View. C-Quest Ornamental Fish Farming:
How and Why. Freshwater and Marine Aquarium, 18(11):72-76.

Gutierrez, S., 1996. From a Reef's Pomt of View. Ornamental Fish Farmmg: How and
Why. Freshwater and Marine Aguarium, 19(1):203-214.

Hoff, F., In Preparation. Conditioning, Spawning and Rearing Marine Fish. Florida Aqua
Farms, Dade City, FL.

Hoff, F. and T. Sneli, 1987. Plankton Culture Manual. Florida Aqua Farms, Dade City,
FL.

Hough, D., 1993. Breeding Marine Fish and the Green Revolution. Freshwater and
Marine Aquarium, 16(4):152-158.

Karanikas, J., 1989, The Spawning of the Flame Angel Centropyge loriculus. SeaScope.
7:1-2. Spring.

Kloth, T.C., 1979. Breeding and Raising Tropical Marine Fish: Part One. Freshwater and
Marine Aquarium, 2(4):44-76.

Kloth. T.C., 1979. Breeding and Raising Tropical Marine Fish: Part Two. Freshwater and
Marine Aquarium. Vol 2(5):22-78.

56 PREPARED BY GADTC



‘r

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Kloth, T.C.. 1979. Breeding and Raising Tropicai Marme Fish: Part Three. Freshwater
and Marine Aquarium, Vol. 2(6):40-69.

Kuiter, R.H., {988. Notes on Hatchmg and Raising of Seadragons. SeaScope, 5:1-3,
Summer.

Kraul S. and A. Nelson. 1986. The Life Cycle of the Harlequin Shrimp. Freshwater and
Marmme Aquarium, 9(9):28-31.

Lamm, D.R., 1984. Spawning of the Coral Beauty Angelfish. SeaScope, 1:1-3, Summer.

Linder, R., 1986. Some Notes on Breeding Clownfish. Freshwater and Marme Aquarium,
9(6):45-51.

Lobel, P.S., 1974. Another Pygmy Angel Spawns. Octopus, 1{7):24.
Lobel P.S., 1977. Spawning Behavior of Reef Fishes. The Marine Aquarist, 8(7):6-16.

Loch, M.G. 1995. Report of Spawning Green Chromis in Captivity: Chromis caeruleus.
Marine Fish Monthly, 10(9):13-14.

McLarney, W., 1985. Pioneers in Saltwater Aquarium Fish: Part . Aquaculture Magazine,
11(6):3841.

McLamney, W., 1986. Pioneers i Saltwater Aquarium Fish: Part II. Aquaculture
Magazme, 12(1):31-33.

Mills, D., 1987. Breeding Marine Fishes. Pages 54-55 in The Tetra Encyclopedia of The
Marine Aquarium, Tetra Press, Morris Plains, NJ, 208 pp.

Moe, M.A,, Jr., 1973A. Breeding the Clownfish, Amphiprion ocellaris. Salt Water
Aquarm, 9(2):3-14.

Moe, M.A,, Jr, 1973B. Commercial Breeder Discusses Breeding and Rearing of
Clownfish. Maripe Hobbyist News, 1(1):1-3.

Moe, MLA., Jr., 1975. Propagating the Atlantic Neon Goby. The Marine Aguarist. 6(2).4-
10.

Moe, M.A., Jr., 1976. Rearing Atlantic Angeifish. Marme Aquarist, 7(7):17-26.
Moe, M.A., Jr,, 1977, Inside the Egg of an Angelfish. Marme Aquarist. 8(3):5-13.

Moe. M.A., Jr., 1978, The Private Oceans. Sea Frontiers, 24(4):240-247.

57 PREPARED BY GADTC



te

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Moe, M.A.. Jr., 1981, Just Passing Through...Aquaiife Research Corporation. Freshwater
and Marine Aquarium, 4(9):26-79.

Moe. M.A., Jr.. 1989A. Breeding the Clownfish, Amphiprion oceilaris, Part [. Freshwater
and Marine Aquarium. 12(11):112-128.

Moe, M.A.. Jr.. 1989B. Breeding the Clownfish. Amphiprion oceilaris, Part lI: A Bit O'
Breeding History. Freshwater and Marine Aquarium, 12(12):33-38.

Moe, M.A., Jr. 1990. The Marine Aquarium Reference: Systems and [nvertebrates. Green
Turtle Publications, Plantation, FL.

Moe, M.A., Jr., 1991. Thoughts on Rearing Marine Organisms. Freshwater and Marine
Aquarium, 14(12):12-19.

Moe. M.A., Jr.. 1992, The Marine Aquarium Hanodbook. Beginmer to Breeder. Green
Turtle Publicacons. Plantation. FL.

Moe. M.A_ and F. A. Young, 1981. Spawning the Jewels of the Reef. Freshwater and
Marime Aquarium, 4(5): 24-34.

Meulengracht-Madsen, J., 1971. Breeding Amphiprion percula. Tropical Fish Hobbyist,
19(3):52-57.

Palko, B.J. and W.J. Richards, 1969. The Rearing of Cowfisk and Related Species From
Eggs. Salt Water Aquarist, 5(3):67-70.

Riley, C.M., 1994. Captive Spawning and Rearing of the Peppermint Shrimp (Lyvsmata
wurdemanni). SeaScope, 11:4, Summer.

Rosti. P., 1967. Breeding the Royal Gramma. Salt Water Aquarium. 2(5):106-108.

Schiller, G., 1990. Spawning Behavior of the Decorated Firefish (Nemateleotris decora).
SeaScope, 7:4. Fall

Schiller, G., 1991. Spawning Behavior of the Purple Firefish. Marine Fish Monthly.
6(8):5-6. _

Schreiner, W.. 1972. Breeding Report-Clownfishes. The Marine Aquarist. 3(3):31-33.

Siddall. S.E.. 1979A. The Culture of Marine Fish Larvae. Part 1. Freshwater and Marine
Aquarium, 2(9):50-53.

Siddall. S.E.. 1979B. The Culture of Marine Fish Larvae. Part | (Continued). Freshwater
and Marine Aquarium, 2(10):52-33.

58 PREPARED BY GADTC



»

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Sieswerda, P.L.. 1977. Doing What Comes Naturally. The Marine Aquarist, 8(1):18-28.
Sowash, D., 1994. Rearing Lysmata. The Breeder's Registry, 2(2):1-3.
Sprung, J., 1991. Baby Mandarin Freshwater and Marine Aquarium, 14(7):20-24.

Stephens. C., 1988. Those Little Horses of the Sea. Freshwater and Marine Aquarium,
11(6):26-29.

Straughan, R.P.L.. 1959. Salt Water Black Angeifish Spawned. The Aquartum, July:211-
212,

Straughan R.P., 1968. First Spawning of High Hat. Salt Water Aquarist, 4(3):73-74.

Strynchuk, J., 1990. An Imsight into the Matmg Habits of Banded Coral Shrimp.
Freshwater and Marine Aquarium, 13(10):42-184.

Taylor, E.C., 1973, Dascyilus aruanus Spawns. Salt Water Aquarium, 9(2):15-18.

Thresher, R.E., 1984, Reproduction in Reef Fishes. T.F.H. Publications, Neptune City,
NIJ. 399 pp.

Torben, J., 1992. Commercial Breeding of Anemonefishes. SeaScope, 9:1-4, Winter.

Tullock, J., 1989. Tank Raised Marines — Impossible for the Hobbyist? Marine Fish
Monthly, 3(12):34-35.

Unwin, P.D.,, 1986. Breeding the Yellow Tailed Damselfish (Glyphiododontops
hemicyaneus). SeaScope, 3:1, Wnter.

Vincent, A., 1995. Seahorse Keeping. The Breeder's Registry, 3(2):1-5
Walch, J.C., 1993. Breeding Jawfish. The Breeder’s Registry, 1(4):1-3.

Walch, J.C., 1994, Breeding the Royal Gramma, Gramma /oreto. The Breeder's Registry,
2(1):1-2.

Walker, S., 1977A. Walker Successfully Spawns Five Species. Marine Hobbyist News.
5(9):1-4.

Walker, S., 1977B. Final Obstacle Overcome. Marine Hobbyist News, 5(10):1-9.

Walker, S.D.. 1979. Spawning and Rearing the Neon Goby. Freshwater and Manne
Aquarium, 2(8):40-?.

59 PREPARED BY GADTC



+y

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Waiker, S.D., 1991. Reproducing the Atlanric Spadefish at the Tulsa Zoo. SeaScope, 8:1-
2, Winter.

Walker, S.D. and N. Herwig, 1976. Salinity and Spawning, 7(2):45-50.

Wassink, H. and R. Brons, 1990. A Successful Cultivation of the Comet Calloplesiops
altivelis (Steindachner. 1903). SeaScope, 7:1-3, Spring.

Watson, C.A., 1995. Investing in the Future: Captive Breeding of Marine Tropicals.
Fresbwater and Marmme Aquarrum, 18(3):160-167.

Weingarten, R A., 1991. Recemt Developments in the Commercial Rearing of Larval
Marine Fish. Freshwater and Marine Aquarrum, 14(9):27-208.

Weingarten. R.A., 1992, Tips on Rearmng Newly Spawned Larval Marine Fish. Freshwater
and Marme Aquarium, !5(2):166-212.

Wilkerson, I.D., 1992A. Amphiprion Clarki: Journey From Egg to Juvenile - Part [
Freshwater and Marine Aquarium, 15(10): 17-21.

Wilkerson, J.D., 1992B. Amphiprion Clarkii: Journey From Egg to Juvenile - Part II.
Freshwater and Marmne Aquarium, 15(12):154-162.

Wilkerson, J.D., 1993A. Clowning Around: Simple Clownfish Spawning and Rearmg
Facilities. Freshwater and Marine Aquarium, 16(6):196-206.

Wilkerson, J.D., 1993B. Spawning and Rearing Amphiprion Clarkii Clownfish. Aquarum
Fish Magazme, 5(8):18-29.

Wilkerson, J.D., 1994, Scarlet Cleaner Shrimp: Care and Reproductive Habits of Lysmara
amboinensis. Freshwater and Marine Aquarium, | 7(8):208-215.

Wilkerson, J., 1995, Lysmata rathbunae. The Breeder's Registry, 3(3):1-2.

Wilkerson, J., 1996. C-Quest Hatchery: Innovations In Captive Ornamental Marine Fish
Culturing. Freshwater and Marine Aquarium, 19(4):123-138.

Winz, P., 1991. Goby or Blenny? Tropical Fish Hobbyist, XL(2) #428:76-80.

Young, F., 1979, Spawning and Rearing of the Banded Coral Shrimp. Freshwater and
Marine Aquarium, 2(3):16-17.

Young, F.A.. 1980. The Spawning and Larval Rearing of the Jackknife Fish. Freshwater
and Marine Aquarium, 5:31-78.

60 PREPARED BY GADTC



sy

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES
Young, F.A,, 1982. The Yellowhead Jawfish, Breeding the Marine Mouthbrooder in
Captivity. Freshwater and Marine Aquarum. 5(4):50-51.

Young, F.A., 1984, Raising Clownfish for the Hobbyist. Freshwater and Marine
Aquarium, 7(9):70-72.

Young, F.A., 1991A. Breeding the Orange-Fin Anemonefish Marine Fish Monthly,
6(7):46.

Young, F.A., 1991B. Rearing the Red Sea Anemonefish, Amphiprion bicinctus.
Freshwater and Marine Aquarium, 14(4):136-142.

Young, F.A, 1992. Breeding the Blue-eyed Cardinalfish Freshwater and Marme
Aquarmm, 15(7):36.

Young, FA., 1993, Artificial Propagation of Spanish Hogfish (Bodianus rufus).
Freshwater and Marine Aquarium, 16(10):210-219.

Young, F.A., 1994A. Food Preferences in Tropical Marme Fish Larvae. Aquaculture
Magazine (January/February), 20(1):57-59.

Young, F.A., 1994B. Live Foods for Marine Fish Larvae. Freshwater and Marme
Aquarrum, 17(5):106-108.

Young, F.A., 1994C. Rearing the Golden Goby, Elactinus xanthipora. Freshwater and
Marine Aquarium, 17(12):182-184.

Young, F.A,, 1995A. The Porkfish - Its Life History, Ecology, Breeding, and Rearing in
Captivity. Freshwater and Marine Aquarium, 18(4):189-196.

Young, F.A., 1995B. Rearing Systems for Marine Fish Larvae. Freshwater and Marme
Aquarrum, 18(7):67-70.

Young, F.A., 1995C. Growout Systems for Marine Tropical Fish. Freshwater and Marime
Aquarrum, 18(9): 150-155.

Young, F.A, 1996. The State of Tropical Marine Aquarium Animal Cultivaton.
Freshwater and Marine Aquarium, 19(5):126-129.

61 PREPARED BY GADTC



o

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

APPENDIX IIL Selected Scientific Literature on the Culture of Marine Fish and
Shrimp '

Ako, H,, C.S. Tamar, P. Bass and C.-S. Lee, 1994, Enhancmg the Resistance to Physical
Stress in Larvae of Mugil cephalus by the Feeding of Eariched Arzemia nauplii.
Aquacuiture, 122:81-90.

Alava, V.R. and L.AO. Gomes, 1989. Breeding Marine Aquarium Animails: The
Anemonefish Naga, 12(3):12-13.

Alayse, J.P., 1984. Application of techmiques used for temperate marine fish in breeding
Amphiprion ocellaris (Cuvier). Proc. Mar. Aquar. Oceanogr. Inst., 10:505-519.

Ballard. J., 1976. Breeding Clownfish. South Afr. Assoc. Mar. Biol. Res., 12:15-17.

Barnabe, G. and A. Guisst, 1994. Adaptations of the Feeding Behavior of Larvae of the
Sea Bass, Dicentrarchus labrax (L.), to an Alterpating Live-Food/Compound-Food
Feeding Regime. Aquacuiture and Fisheries Management, 25:537-546.

Benetti, D.D., E.S. Iversen and A.C. Ostrowski, 1994. Growth Rates of Captive Dolphin,
Coryphaena hippurus, in Hawaii. Fishery Bulletin, 93:152-157.

Blanchard, L., 1992. Omamental Shrimp Culture - Lysmata grabhami. Harbor Branch
Oceanographic Institution.

Blancheton, J.-P. and B. Canaguier. Bacteria and Particulate Materials in Recirculaimg
Seabass (Dicentrarchus labrax) Production System. Aquaculture, 133:215-224.

Brown, C.L. and B.G. Kim, 1995. Combmed Application of Cortisol and Triicdothyronme
m the Culture of Larval Marine Fmfish. Aquacuiture, 135:79-86.

Buskey, E.J.. C. Coulter and S. Strom, 1993. Locomotory Patterns of Microzooplankton:
Potential Effects on Food Selectivity of Larval Fish. Butletin of Marine Science. 53(1):29-
43,

Carli. A., G.L. Mariottini and L. Pane. 1995. Influence of Nutrition on Fecundity and
Survival in Tigriopus fulvus Fischer (Copepoda: Harpacticoida). Aquaculture. 134:113-
119.

Chair, M., R.S.J. Gapasin, M. Dehasque and P. Sorgelcos. 1994, Vaccination of European
Sea Bass Fry Through Bioencapsulation of Artemia Nauplii. Aquaculture International.
2(4):254-261.

Chamberiaim. G.W., Miget, R.J. and M.G. Haby (Eds.), 1990. Manual on Red Drum
Aquaculture. Tech. Rep. No. TAMU-SG-90-603, Texas A&M University, 236 pp.

62 PREPARED BY GADTC



+y

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Colin, P.L., 1989. Aspects of the Spawning of Western Atlantic Buttertlyfishes (Pisces:
Chaetodontidae). Environmental Biology of Fishes, 25(1-3):131-141.

Correa. M.. K.8. Chung and R. Manrique, 1989, [Experimenta] Culture of the Sea Horse.
Hippocampus erectus.] Cultivo Experimental del Cabailitc de Mar, Hippocampus erectus.
Bol Inst. Oceanogr. Venez.. 28(1-2):191-196.

Coutteaw, P., P. Sorgeloos and P, Lavens, 1994. Progress in the Use of Live Food in
Larviculture of Marme Fish. Aquacuiture, 124:283-291.

Craig, S.R., C.R. Arnold and G.J. Hoit, 1994. The Effects of Enriching Live Foods With
Highly Unsaturated Fatty Acids on the Growth and Fatty Acid Composition of Larval Red
Drum Sciaenops oceilatus. Journal of the World Aquaculture Society, 25(3):424431.

Crompton, W.D., 1992. Laboratory Cuiture and Larval Development of the Peppermint
Shrimp, Lysmata wurdemanni Gibbes (Caridea: Hippolytidae). Unpublished Masters
Thesis, Corpus Christ State University, Corpus Christi, TX.

Danilowicz, B.S. and C.L. Brown, 1992. Rearing Methods for Two Damseifish Species:
Dascyllus albisella (Gill) and D. aruanus (L.). Aquacuiture, 106:141-149.

DeCastro, A. and D.E. Jory, 1983. Preliminary Experiments on the Culture of the Banded
Coral Shrimp, Stenopus hispidus Oliver. J. Aquaticult. Aquat. Sci. 1983, 3(4):84-89.

Dhert, Ph., Lavens, P., Duray, M. and P. Sorgeloos, 1990. Improved Larval Survival at
Metamorphosis of Asian Seabess (Lates caicarifer) Using w-3-HUFA-Enriched Live
Food. Aquacuiture, 90:63-74.

Dhert, P, P. Lavens and P. Sorgeloos, 1992. State of the Art of Asian Seabass Lares
calcarifer Larviculture. Journal of the World Aquacuiture Society, 23(4):317-329.

Fermin, A.C. and M.E.C. Bolivar, 1994. Feeding Live or Frozen Moina macrocopa
(Strauss) to Asian Sea Bass, Lates caicarifer (Bloch), Larvae. The Israeli Journal of

Aquacuiture - Barmidgeh, 46(3):132-139.

Fernandez-Diaz. C., E. Pascual and M. Yufera. 1994. Feeding Behavior and Prey
Selection of Gilthead Seabream, Sparus aurata, Larvae Fed on Inert and Live Food.
Marine Biology, | 18(2):323-328.

Fernandez-Diaz, C. and M. Yufera, 1995, Capacity of Giithead Seabream. Sparus qurata
L., Larvae to Break Down Dietary Microcapsules. Aquaculture, 134:269-278.

Fletcher, D.J. and M. Wilson. 1996. Vitamin C Requirements of the Anemone Fish.

Amphiprion clarkii. Page 128 In: Book of Abstracts - World Aquaculture '96, The 1996
Annual Meeting of the World Aquaculture Society, Bangkok. Thailand. 498 pp.

63 PREPARED BY GADTC



'

FINAL REPORT,: CULTURE OF MARINE AQUARIUM FISHES

Fukuhara, Q. 1989. A Review of the Culture of Grouper m Japan. Buil Nansei Reg. Fish.
Res. Lab., 22:47-57.

Fulks, W. and K.L. Main (Eds.), 1991. Rotifer and Microalgae Culture Systems. The
Oceanic Institute, Honolulu., HI.

| Ganzon-Naret, E.S. and A.C. Fermin, {994. Effect of Delayed feeding of Artemia salina
and Partial Replacement by Moina macrocopa on Growth and Survival of Sea Bass., Lates
calcarifer (Bloch), Larvae. The Israeli journai of Aquacuiture - Bamidgeh, 46(1):48-52.

Gennari, L., A. Roncarati, P. Melotti and F. Loro, 1994. Early Weaning Trials of Sea Bass
(Dicentrarchus labrax L.) Using Different Artificial Diets. Aquacuiture, 124:283-251.

Hecht, T. and A.G. Pienaar, 1993. A Review of Cannibaiism and its Implications in Fish
Larvicuiture. Journal of the World Aquaculture Society, 24(2):246-261.

Heary, D.C.. G.J. Holt and C.M. Riley, 1995. Recirculating-Water System for the Culture
of Marine Tropical Fish Larvae. The Progressive Fish-Culturist, 57:219-225.

Holt, G.J., 1992. Experimental Studies of Feeding in Larval Red Drum. Joumnai of the
World Aquacuiture Society, 23(4):265-270.

Holt, G.J., 1993. Feeding Larval Red Drum on Microparticulate Diets in a Closed
Recirculating Water System. fourna! of the World Aquacuiture Society, 24(2):225-230.

Jones, D.A, M. S. Kamarudin and L. Le Vay, 1993. The Potential for Replacement of
Live Feeds in Larval Culture. Journal of the World Aquaculture Society, 24(2):199-210.

Kanazawa, A., K. Shunsuke and S.-1. Teshima, 1989. Growth and Survival of Larval Red
Sea Bream Pagrus major and Japanese Flounder Paralichthys olivaceus Fed Microbound
Diets. Journal of the World Aquacuiture Society, 20(2):31-37.

Kraul, S., 1990. Production of Live Prey for Marine Fish Larvae. In J. Barret (Ed.)
Advances in Tropical Aquaculture: Workshop Held in Tahiti, French Polynesia, February
20 to March 4, 1989. AQUACOP. IFREMER. Actes de Colloque, 9: 595-607.

Kraul. S., 1993. Larviculture of the mahimahi Corvphaena hippurus in Hawail USA.
Journat of the World Aquacuiture Society, 24(3):410-421.

Kraul, S., A. Nelson, K_ Brittain, H. Ako and A. Ogasawara. 1992. Evaluation of Live
Feeds for Larval and Postlarval Mahimahi Coryphaena hippurus. Journal of the World
Aquaculture Society, 23(4):299-306.

Kraul, S., K Brittain. R. Cantrell. T. Nagao, H. Ako, A. Ogasawara and H. Kitagawa.

1993. Nutritional Factors Affecting Stress Resistance i the Larval Mahimahi Coryphaena
hippurus. Journal of the World Aquaculture Society, 24(2):186-193.

64 PREPARED BY GADTC



FINAL REPORT -, CULTURE OF MARINE AQUARIUM FISHES

Lee, C.-S., C.S. Tamaru and G.M. Weber. 1987. Studies on the Maturation and Spawning
of Milkfish Chanos chanos Forsskal m a Photoperiod-Controlled Room. Jjournal of the

World Aquacutture Society, 18(4):253-259.

Leu, M.-Y., 1994, Natural Spawning and Larval Rearing of Silver Bream. Rhabdosargus
sarba (Forsskal), in Captivity. Aquacuiture, 120:115-122,

Liao, I.C., 1993. Finfish Hatcheries n Taiwan: Recent Advances. In C.S. Lee, M.S. Su
and 1.C, Liao (Eds.) Finfish Hatchery in Asia: Proceeding of Finfish Hatchery m Asia '91.
TML Conference Proceeding 3:1-25. Tungkang Marine Laboratory, Taiwan Fisheries
Research Institute, Tungkang, Pingrung, Taiwan.

Liao, I.C., M.-S. Su and S.-L. Chang, 1995. A Review of the Nursery and Growout
Techniques of High-Value Marine Finfishes in Taiwan In K. L. Main and C. Rosenfeld
(Eds.) Culture of High-Value Marine Fishes in Asia and the United States. The Oceanic
Institute, Honolulu, HI, pp.121-137.

Lim, L.C., 1993, Larviculture of the Greasy Grouper Epinephelus tauving F. and the
Brown-Marbled Grouper £. fuscoguttatus F. m Singapore. Journal of the World
Aquaculture Society, 24(2):262-274.

Main, K.L. and C. Rosenfeld (Eds.), 1995. Culture of High-Value Marine Fishes in Asia
and the United States. The Oceanic Institute, Honolulu, HI, 319 pp.

May, R.C., Popper, D. and J.P. McVey, 1974. Rearing and larval development of Siganus
canaliculatus (Park) (Pisces: Siganidae). Micronesia, 10:285-298.

McVey, J. (Ed.), 199]1. Handbook of Mariculture, Vol. I - Finfish Aquaculture, CRC
Press, 256 pp.

McEvoy, L.A., J.C. Navarro, J.G. Bell and JR. Sargent, 1995. Autoxidation of Oil
Emuisions During the Artemia Enrichment Process. Aquaculture, 134:101-112.

Mohney, L.L., D.V. Lightner, R.R. Williams and M. Baueriein, 1990. Bioencapsulation of
Therapeutic Quantities of the Antibacterial Romet-30 in Nauplii of the Brine Shrimp
Artemia and m the Nematode Panagrelius redivivus. Journal of the Worikd Aquaculture
Society, 21(3):186-191. '

Person Le Ruyet, J., J.C. Alexandre. L. Thebaud and C. Mugnier, 1993. Marine Fish
Larvae Feeding: Formulated Diets or Live Prey’ Journal of the World Aquacuiture
Society, 24(2):211-224,

Potthoff, T., Kelley, S., Saksena, V.. Moe. M. and F. Young, 1987. Description of larval

and juvenile yellowtail damselfish. Microspathodon chrysurus, Pomacentridae, and therr
osteological development. Bulletin of Marine Science, 40(2):330-375.

65 PREPARED BY GADTC



e

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Powell A B. and J.W. Tucker, 1992. Egg and Larval Developmem of Laboratory-Reared
Nassau Grouper, Epinephelus striatus. Bulletin of Marine Science. 50:171-185.

Rimmer, M.A., A.W. Reed, M.S. Levitt and A T. Lisle. 1994, Effects of Nutritional
Enhancement of Live Food Organisms on Growth and Survival of Barramundi, Lares
calcarifer (Bloch), Larvae. Aquaculture and Fisheries Management, 25:143-156.

Ross, R M., 1978. Reproductive Behavior of the Anemonefish Amphiprion melanopus on
Guam. Copeia. No. 1, pp. 103-107.

Skararnuca, B., 1994. An Approach to the Construction of a Simple and Low-Cost
Aeration System for Rotifer Culture. Aquaculture Engineering, 13:153-161.

Sorgeloos. P. and P. Leger, 1992. Improved Larvicuiture Qutputs of Marine Fish, Shromp
and Prawn. Journal of the World Aquaculture Society, 23(4): 251-264.

Sorgeloos. P., 1994. State of the Art in Marine Fish Larviculture. World Aquaculture,
25(3):34-37.

Spotte, S. and G. Anderson, 1989. Chemical Decapsuiation of Artemia franciscana
Resting Cysts Does Not Necessarily Produce More Nauplii Jfourmal of the World

Aquaculture Society, 20(3):127-133.

Snell, T.W., MJ. Childress, E.M. Boyer and F.H. Hoff. Assessing the Status of Rotifer
Mass Cultures. Journal of the World Aquacuiture Society, 18(4):270-277.

Soregeloos, P., 1986. Manual for the Culture and Use of Brine Shrimp Arremia in
Aquaculture. 319 pp.

Southgate, P.C. and D.C. Lou, 1995. Improving the n-3 HUFA Composition of Artemia
Using Microcapsuies Containing Marine Qils. Aquaculture, 134:91-99.

Sun, B. and J.W. Fleeger, 1995. Sustained Mass Culture of Amphiascoides atopus a
Marine Harpacticoid Copepod in a Recirculating System. Aquacuiture, 136:313-321.

Sweetman, J.W., 1992. Larviculture of Mediterranean Marine Fish Species: Current
Status and Future Trends. Journal of the World Aquacuiture Society, 23(4):330-337.

Szyper, J.P., 1989. Nutritional Depletion of the Aquacuiture Feed Organisms Euterpina
acutifrons. Artemia sp. and Brachionus plicatilis During Starvation. Journal of the World
Aquaculture Society, 20(3):162-169.

Szyper, J.P. and H. Ako, 1990. Feed Formuias Producing Improved Palatability and

Growth With Juvenile Mahimahi (Corvphaena hippurus). World Aquacuiture, 21(3):104-
105.

66 PREPARED BY GADTC



e

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Tachihara, K., R. Ebisu and Y. Tukasiuma, 1993. Spawning, Eggs, Larvae and Juveniles
of the Purplish Amberjack Seriola dumerili. Nippon Suisan Gakkaishi, 59(9):1479-1488,

Tamaru, C.S.. R. Murashige, C.-S. Lee, H. Ako and V. Sato. 1993. Rotifers Fed Various
Diets of Baker's Yeast and/or Nannochloropsis oculata and Their Effect on the Growth
and Survivai of Striped Mullet (Mugi/ cephalus) and Milkfish (Chanos chanos) Larvae.
Aquacuiture, 110:361-372.

Tamary, C.S., R. Murashige and C.-S. Lee, 1994, The Paradox of Using Background
Phytoplankton During the Larvai Culture of Striped Muliet, Mugi/ cephalus L.
Aquaculture, 119:167-174.

Tanaka, M., J.B. Tanangonan, M. Tagawa, E.G. de Jesus, H. Nishida, M. Isaka, R.
Kimura, T, Hirano, 1995. Development of the Pituitary, Thyroid and Interrenal Glands
and Applications of Endocrmology to the Improved Rearing of Marine Fish Larvae.
Aquaculture, 135:111-126.

Tandler, A, 1993. Marine Aquacuiture in Israei with Special Emphasis on Larvai Rearing.
Journai of the World Aquaculture Society, 24(2):241-245.

Tandler, A, F.A. Anav and 1. Choshniak, 1995. The Effect of Salinity on Growth Rate,
Survival and Swimbladder Infiation in Gilthead Seabream, Sparws guragta, Larvae.
Aquaculture, |35:343-353.

Tseng, W.-Y. and K.-F. Chan, 1985. On the Larval Rearmg of the White-Spotted Greer
Grouper, Epinephelus amblycephalus (Bleeker), With a Description of Larval
Development. Journal of the World Aquaculture Society, 16:114-126.

Tucker, JW., Jr., 1992. Feeding Intensively-Cultured Marine Fish Larvae. In: G.L. Allan
and W, Dall (Eds.), Proc. Aquaculture Nutrition Workshop, Salamander Bay, 15-17 Apnl
1991. NSW Fisheries, Brackish Water Fish Culture Research Station, Salamander Bay.

Australia, pp. 129-146.

Tucker, J.W,, Jr., 1994, Spawnmg By Captive Serranid Fishes: 2 Review. Journal of the
World Aquacuiture Society, 25(3):345-359.

Tucker, J.W. and D.E. Jory, 1991. Marine Fish Culture in the Caribbean Region.. World
Aquaculture, 22(1):10-27.

Tucker, JW. and W.J. FitzGerald, 1994. Induced Spawning of Two Western Tropicat
Pacific Groupers, Plectropomus areolatus and Epinephelus fuscoguttatus, in Palau. Astan
Fisheries Science, 7:57-62.

Watanabe, T.. 1993. Importance of Docosahexaenoic Acid in Marine Larval Fish. Journal
of the World Aquacuiture Society, 24(2):152-161.

67 PREPARED BY GADTC



"’

FINAL REPORT - CULTURE OF MARINE AQUARIUM FISHES

Watanbe, W.0., C.-S. Lee, S.C. Ellis and E.P. Ellis, 1995. Hatchery Study of the Effects
of Temperature on Eggs and Yolksac Larvae of the Nassau Grouper. Aquaculture,
136:141-147,

Woo, N.Y.S. and S.P. Keiley, 1995. Effects of Salinity and Nutritional Status on Growth
and Metabolism of Sparus sarba in a closed seawater system. Aquacuiture, 135:229-238.

Wurts, W.A. and R.R Stickney, 1993. Growth Rates of Juvenile Red Drum Scigenops
ocellatus Reared on Commercial Salmon Feed in Fresh and Sait Water. Journal of the
Worid Aquaculture Society, 24(3):422-424.

APPENDIX IV, Selected Scientific Literature on Spawning and Larval Biology of
Marine Agusrium Fish and Shrimp

Ballard, J., 1970. Aquarium Briefs - Mating in Captivity. Bull. South Afr. Assoc. Mar.
Biol Res., 8:31-33.

Bauer, J.A., Jr. and S.E. Bauer, 1981, Reproductive Biology of the Genus Centropyge
(Pomacanthidae). Bull. Mar. Sci., 31(3):495-513.

Brothers, E.B., D. McB. Williams and P.F. Sale, 1983. Length of Larval Life in Twelve
Families of Fishes at "One Tree Lagoon", Great Barrier Reef, Australia. Marine Biology,
76:319-324.

Colin, P.L., 1989. Aspects of the Spawning of Western Atlantic Butterflyfishes (Pisces:
Chaetodontidae). Environ. Biol. Fish,, 25(1-3):131-141.

Donaldson, T.J., 1987. Social Organization and Reproductive Behavior of the Hawkfish
Cirrhitichthys falco (Cirrhitidae). Bulletin of Marine Science, 41(2):531-540.

Fletcher, D.J., I. Kotter, M. Wunsch and L. Yasir. 1995. Preliminary Observations on the
Reproductive Biology of Ornamental Cleaner Prawns. Int. Zoo Yb., 34:73-77.

Foster, S.A., 1987. Diel and Lunar Patterns of Reproduction in the Caribbean and Pacific
Sergeant Major Damselfishes Abudefduf saxatilis and A. troschelii. Marme Biology,
95:333-343.

Frakes, T. and F.H. Hoff, Jr.. 1982. Effect of High Nitrate-N on the Growth and Survival
of Juvenile and Larval Anemonefish, Amphiprion oceilaris. Aquaculture, 29(1-2):153-
158,

Hioki. S. and K. Suzuki, 1987. Reproduction and Early Development of the Angeifish.

Centropyge interruptus, in an Aquarium. J. Fac. Mar. Sci. Technol.. Tokat Univ., No. 2
4:133-140.

68 PREPARED BY GADTC



,”

FINAL REPORT, - CULTURE OF MARINE AQUARIUM FISHES

Hioki, S., K Suzuki and Y. Tanaka, 1990. Development of Eggs and Larvae m the
Angelfish, Centropyge ferrugatus. Japan. J. Ichthyol,, 37(1):34-38,

Leis, J.M., 1989. Larval Biology of Butterflyfishes (Pisces. Chaetodontidae): What Do We
Really Know? Environ. Bio. Fishes, 25(1-3):87-100.

Marliave, J.B., 1985. Color Polymorphism m Sibling Amphiprion: Is the Reef Fish Lottery
Rigged? Environ. Biol. Fish., 12(1):63-68.

Moyer, J.T., 1981. Interspecific Spawning of the Pygmy Angelfishes Centropyge shepardi
and Centropyge bispinosus at Guam. Micronesica, {7(1-2):119-124.

Robertson, D.R., 1983. On the Spawning Behavior and Spawning Cycles of Eight
Surgeonfishes ( Acanthuridae) From the Indo-Pacific. Eavir. Biol. Fishes, 9(3/4):193-223.

Robertson, D.R.. 1990. Differences in the Seasonalities of Spawnmg and Recruitment of
Some Smail Neotropical Reef Fishes. J. Exp. Mar. Bio. Ecol, 144:49-62.

Sakamoto, T. and K. Suzuki, 1978. Spawning Behavior and Early Life History of the
Porcupme Puffer, Diodon holacanthus, m Aquaria. Jap. J. Ichthyol,, 24(4):261-270.

Suzuki, K., Y. Tanaka and S. Hioki, 1980. Spawning Behaviour, Eggs, and Larvae of the
Butterfly, Chaetodon nippon, in an Aquarium. Jpn. J. Ichthyol., 26:334-341.

Tanaka, Y. and K Suzuki, 1991. Spawning, Eggs and Larvae of tbe Hawkfish.
Cirrhitichthys aureus, in an Aquarium. Jap. J. Ichthyol, 38(3):283-288.

Thresher, R.E., 1982. Courtship and Spawning in the Emperor Angelfish Pomacanthus
imperator, with Comments on Reproduction by Other Pomacanthid Fishes. Marme
Biology, 70:149-156.

Thresher, R.E., 1984. Reproduction in Reef Fish. T.F.H. Publications. Inc. Lid.. Neptune
City, N.J, 399 pp.

Tricas, T.C. and J.T. Hiramoto. 1989. Sexual Differentiation, Gonad Development. and
Spawning Seasonality of the Hawaiian Butterflyfish, Chaetodon muiticinctus. Environ.
Biol. Fish.,, 25(1-3):111-124.

Wellington, M. and B.C. Victor, 1989. Planktonic Larval Duration of One Hundred
Species of Pacific and Atlantic Damselfishes (Pomacentridae). Mar. Biol., 101:557-567.

69 PREPARED BY GADTC



e

FINAL REPORT,- CULTURE OF MARINE AQUARIUM FISHES

APPENDIX V. List of Marine Aquarium Fishes Reared in Captivity

Species

Abudefduf abdominalis
Abudefduf caervieus
Abudefduf cvaneus
Abudefduf saxanlis

Acanthostracion quadricomis

Acanthurus leucosternon *
Amblygobius phalaena
Amblygobius rainfordi
Amphiprion akallopisos
Amphiprion akindvnos
Amphiprion allardi
Amphiprion bicinctus
Amphiprion chrvsopterus
Amphiprion clarkii
Amphiprion ephippium
Amphiprion frenatus
Amphiprion latezonatus
Amphiprion melanopus
Amphiprion nigripes
Amphiprion ocellaris
Amphiprion percula
Amphiprion perideraion
Amphiprion polymnus
Amphiprion rubrocinctus
Amphiprion sanduracinos
Amphiprion sebae
Amphiprion wricinctus
Anisotremus virginicus
Apogon sp.

Apogon compressus
Balistotdes conspicillum *
Bodianus puichellus
Bodianus rufus
Calloplesiops altivelis
Chaetodipterus faber
Chrysiptera cvanea
Chrysiptera parasema
Crvptocentrus cincrus
Dascyllus albisela
Dascvilus aruanus
Dipdon holacanthus
Eguetus acuminatus

Common Name
Maomao damseifish
Electric biue damselfish
Blue devil damseifish
Sargeant major
Cowfish

Powder-blue tang
Banded goby, Brown-barred goby, Dragon goby
Rainford's goby

Skunk clownfish

Barrier Reef clownfish

Allard's Anemonefish

Two-banded ciownfish or Red Sea clownfish
Orange-fin clownfish or Blue-stripe clownfish
Clarkii clownfish

Red saddleback clownfish

Tomato clownfish

Wide-band clownfish or Lord Howe clownfish
Cinnamon clownfish

Black-finmed clownfish

Common clownfish

Percula ciownfish

Pink skunk clownfish

Saddleback clownfish

Australian clownfish

Orange skunk clownfish

Seba's clownfish

Three-band clownfish

Porkfish

Cardinalfish

Blue-eyed cardinaifish or Split-banded cardinalfish

Clown triggerfish
Spotfin Hogfish
Spanish hogfish
Comet (Marme betta)
Atlantic spadefish
Orange-tail damsel
Gold-tail demoiselle
Yellow prawn goby
Threespot damselfish
Whitetailed damselfish
Balloonfish or porcupinefish
High-hat
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APPENDIX V., List of Marine Aquarium Fishes Reared in Captivity (Continued)

Fquetus lanceolatus
Eguetus punctatus

Equetus umbrosus
Glyphidodontops hemicyaneus
Gobiodon citrinus
Gobiodon okinawae
Gobiosoma evelvniae
Gobiosoma genie
Gobiosoma macrodon
Gobiosoma multifasciatum
Gobiosoma oceanops
Gobiosoma puncticulatus
Gobiosoma xanthiprora
(sramma loreto

Gramma melacara
Hippocampus comes
Hippocampus erectus
Hippocampus fuscus
Hippocampus hystrix
Hippocampus iuda
Hippocampus novaehollandiae
Hippocampus sp.
Hippocampus zosterae
Hypoplectrus gemma
Hypoplectrus unicolor
Hypsypops rubicundus
Liopropoma rubre
Lythrypnus dalli
Meiacanthus grammistes
Meiacanthus nigrolineatus
Microspathodon chrysurus
Opistognathus aurifrons
Pholidichthys [eucotaenia
Phycodurus eques
Phyliopteryx taeniolatus
Platax orbicularis *
Pomacanthus arcuatus
Pomacanthus imperator *
Pomacanthus paru
Pomacentrus caeruleus
Premnas biaculeatus
Pseudochromis dutoiti
Pseudochromis flavivertex

Jackmife fish

Spotted drum

Cubbyu

Yellow-talled damselfish
Citron goby or Clown goby
Okinawa goby or Lemon or Yeilow clown goby
Sharknosed goby

Genie's cleanmg goby
Tiger goby

Greenbanded goby

Neon goby

Redhead goby
Yellowstripe cleaning goby
Royal gramma

Black cap basslet

Seahorse

Northern seahorse
Seahorse

Thomy seaborse

Oceanic seahorse
Australian seahorse

Lattice seahorse

Dwarf seahorse

Blue hamiet

Butter hamiet

Garibaldi

Peppermint bassiet
Catalina goby

Striped blenny

Black-lined blenny
Jewelfish or Yellow-tailed damselfish
Yellowhead jawfish
Convict blenny

Leafy seadragon

Common seadragon
Circular spadefish or Round batfish
Grey angelfish

Emperor angeifish

French angelfish
Yellow-beilied blue damsel
Maroon clownfish

Neon dottyback

Sunrise dottyback
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APPENDIX V. List of Marine Aquarium Fishes Reared in Captivity (Continued)

Pseudochromis fridmani
Pseudochromis paccagnellae
Pseudochromis porphyreus
Pseudochromis springeri
Pterosynchiropus splendidus
Serranus subligarius

Siganus canaliculatus
Signigobius biocellatus *
Zancius cornutus *

Orchid dottyback

Royal dottyback or Bicolor dottyback
Magema dottyback

Sprmger’'s dottyback

Mandarinfish

Belted sandfish

White-spotted spmefoot (rabbitfish)
Signal goby or Two-spot goby
Moorish idol

* Reponts of this species being successfully cuitured need to be verified.

APPENDIX VL List of Marine Aquarium Shrimp Reared in Captivity

Sciennfic Name

Lysmata amboinensis
Lysmata californica
Lysmata debelius
Lysmazia rathbunae
Lysmaia seticaudata
Lysmata wurdemanni
Hymenocera picta
Rhynchocinetes uritai
Stenopus hispidus

Common Name

Scariet cleaner or White-striped cleaner shrimp
Catalina cleaner shrimp

Blood or Fire shrimp or Cardinal cleaner shrimp
Peppermint shrimp

Monaco cleaner shrimp

Peppermint shrimp or Caribbean cleaner shrimp
Harlequin shrimp or Clown shrimp

Rosy dancmg shrimp

Banded coral shrimp
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