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Fire shrimp (Lysmata debelius) are a popular spe
cies in the marine aquarium trade. Wild collection of
marineornamental fishesand invertebrates, such asthe
fire shrimp, contributeto the pressureson natural popu-
lations of coral reef animals. The development of cap-
tive culturetechniqueswould help safeguard coral reefs
and isessential for the expansion of marine ornamental
aquaculturetechnology. This paper presentsa complete
and descriptive protocol for the captive culture of fire
shrimp. Larvae were fed rotifers (Brachionusplicatilis)
and brine shrimp nauplii (Artemiasp.) both enriched
with algae (Nannochloris oculata) for the first 12 days.
From day 12 post hatch to metamorphosis, larvae re-
ceived 0.59 of fozen, pureed shrimp and squid in addi-
tion to brine shrimp nauplii enriched with algae. We
raised 168 shrimpthat metamor phosed into juvenilesbe-
tween 75 and 158 days post hatching. All shrimp that
metamor phosedinto juveniles provided healthy individual s suit-
able for the marine aquariumtrade.

Introduction

Ornamental fish and invertebrate collections on coral reefs
contributeto coral reef habitat destruction and degradation of
wild populations. Cyanidefishing for food fish and ornamentals
is reported to damagecoral reefs, and is practiced in at least 15
countries (McManus et a 1997;UNEP/IUCN 1988). Captive
cultivation of marine ornamental organismsis apossible" envi-
ronmentally friendly" solution to supplying the growing
aquarium hobby with coral reef organisms. While many fishes
and invertebratessold in the freshwater aguariumindustry are
culturedin captivity, more complex requirementsof marineor-
namental organisms have impeded the development of marine
ornamental aquaculture technology. Development of thistech-
nology requires advancementsin captive rearing protocols. We
developed aprotocol for the captiverearing of fire shrimp (Fig-
ure 1) becauseinformationislimited, itisapopular organismin
the aquarium hobby, and it demandsa substantial price, which
could benefit thegrowth of marine ornamental aquaculturetech-
nology.

Fetcher et al. (1995) published the only information pertain-
ing to the captiverearing of this species. They provided infor-
mation about rearing the fire shrimp in captivity, however they
did not provide adetailed protocol. The purposeof thiswork is
to providethedetail sof aprotocol weusedfor rearingfireshrimp
in captivity. Themethods used in this paper are an enhancement
of culture techniques used to rear peppermint shrimp (Lysmata
wurdemanni, Riley 1994). With this protocol we raised 168

Fig. 1. Adult fire shrimp (Lysmata debelius)

shrimp that metamorphosedinto juvenilesbetween 75 and 158
days post hatching. All shrimp that metamorphosed into juve-
niles were healthy and suitablefor the marine aquarium trade.
Techniques describedin this paper lay the ground work for fu-
tureresearchand devel opment on the production of fire shrimp,
possibly contributing to the preservationof marine ornamental
organisms and coral reefs.

Reproductive Biology

Unlikethe majority of decapod crustaceans, fire shrimp are
simultaneoushermaphrodites(Fletcher et al. 1995),meaning an
individual can simultaneously function as a male and female.
Similar findingswerereportedfor a closely related species, the
peppermint shrimp (Bauer and Holt 1998).

Broodstock Tank

Broodstock arekeptin 76- to 114-L (20- to 30-gallon) aquari-
ums with standard undergravd filtration, shell hash substrate,
and small rocks arranged to imitate natural reef habitat. Mated
pairs becometerritorial and need to be separated from other fire
shrimpto prevent aggressionthat may resultin maiming or death.
In our experience, aggressi onbetween theindividuasof amated
pair doesnot occur, however, aggressionis common when three
or more fire shrimp are together. Physical parameters for the
successful breeding of fire shrimp are as follows: temperature
25°to 28°C (77° to 82°F), salinity 33 to 37 ppt, photoperiod 12
hr light:12 hr dark, and pH 8.0 to 8.2. Under these conditions,
fire shrimpin our laboratory have produced 500 to 3,500 eggs
every 10to 20 days.




Fig. 2. Adult fire shrimp carrying eggs

Fig. 3. Hatching chamber
within the rearing chamber

Rdocation of Broodstock

Spawning of fire shrimp can be
achieved in the broodstock tank,
however air stones, under gravel fil-
tration, and changing tank environ-
mentsoftenresultin highlarva mor-
tality. For successful captive cultiva
tion, broodingfire shrimp should be
removed from thetank and placedin
a hatching/rearingchamber in alar-
val rearing system (described | ater)
9 to 19days after eggs appear on the
swimmerets. Our protocol isto move
thebroodingfire shrimpinto thelar-
val rearing system as closeto hatch-
ing time as possible, and return the
shrimpto thebroodstock tank imme-
diately followinglarval release. Fer-
tilization of new eggs occurs after
molting which can takeplace0to 24
hoursafter larval release.

Recognizing the eggs on thefirst
day of adhesion to the swimmerets
isextremely difficult becausecf bold
pigmentationthroughout the body of
the adult shrimp. The swimmerets of
afire shrimp carrying eggs (Figure
2) will appear darker than the ab-
dominal segmentsabove,in contrast
tothelighter color of theswimmerets
of afire shrimp without eggs. Hours
beforetheeggsareready to hatch the
eyesof thelarvaeinside theegg can
be observed; thisisanindicationthat
itistimeto movethe parent.

Care must be taken when rel ocat-
ing brooding shrimp to avoid dam-
aging theeggs. Instead of nettingthe
parent fire shrimp, a 500- to 1000-
ml (15- to 30-fl. 0z) beaker or jar is
placed on the substrate of the tank
and the shrimp is chased into it by
hand. Oncetheshrimpiscompletely
inthe beaker, the openingis covered
by hand and dlowly raised out of the
tank. The beaker is then placed into
the larval hatching chamber within
the rearing chamber (Figure 3) and
the parent is acclimated over a pe-
riod of at least 20 minutesin thebea-
ker before it is released into the
hatching chamber.

Larval Rearing System

The recirculating larval rearing
systemconsistsof a400-L (105-gal-
lon) round fiberglas tank equipped

with a 100-L (26-gallon) external
biofilter (Figure4). Six 18-L (5-ga-
lon) PV C rearing chambers (Figure
5) with 48-um (0.002-in.) nitex mesh,
are placed in the tank. Dimensions
of rearing chamber are: 25.4 cm (10
in.) diameter and 46 cm (18 in.)
height. Rearing chambers concen-
trate larvae and food, thus increas-
ing food encounter rates. Rearing
chambersalso provideshelter for the
larvaeand decrease thepossibility of
physical damage from aeration, wa-
ter exchange and heating elements.

Thehatching chamberisaplastic
cylinder used to contain the parent
in the rearing chamber for hatching
and allows removal of the parent,
minimizing the chance of acciden-
tally capturingand removinglarvae.
The cylinder (Figure 3) is made of
rigid plasticmeshwith 1 x 1 cm (318
in. x 318in.) holes, 60 cm (24in.) in
length, and 22 cm (8 314 in.) in di-
ameter, fits snug into the rearing
chamber. A raised level of 1 x 1cm
(318in. x 318in.) rigid plastic mesh,
22cm (8 314in.) in diameter, isfas-
tened in with cableties15cm (6in.)
from the surface of the cylinder.

To provide water flow into the
hatching and rearing chamber a15 x
3cm(6in.x 12in.) L-shaped 1-inch
PV C standpi peequipped witha3cm
(Lin.) air stoneis used (Figure6). A
hole, 3cm (1in.) in diameter, is cut
into the hatching chamber 15 cm (6
in.) abovetheraised level to provide
access for the standpipe. The
standpipe providesa steady flow of
oxygenated water directly tothe par-
ent fire shrimp, which will aidin the
releaseof larvaeasthey hatch off the
Sswimmerets.

A 5cm? (2in®) rock is placed on
the raised level of the rigid plastic
mesh to mimic the parent fire shrimp
tank living conditions (be sure the
rock cannot wobbleor fall over onto
the broodstock).

Removal of Parent

To remove the parent fire shrimp
after the eggs have hatched, lift the
hatching chamber until the raised
level of therigid plastic cylinder is
approximately 3cm (1in.) below the



surface of the water. The parent is
again chased into thebeaker by hand
and both the parent and mesh cylin-
der removed. Thismethod minimizes
the possibility of capturing larvae
with the adult.

Larval Rearing

Successfully raising thelarvaeto
juvenilesis still in the experimental
stage. So far about 10 percent sur-
vival through the larval stage has
been accomplished using thefollow-
ing techniques.

Physical parameters of the larval
rearing tank are asfollows:. tempera-
ture25" to 28°C (77°to 82°F),salin-
ity 33 to 37 ppt, photoperiod 12 hr
light:12 hr dark, and pH 8.0 to 8.2.
Thelarvaeweredivided equally into
six 18 L (5 gallon) rearing chambers
(approximately 2501 arvaeper cham-
ber). Larvae were moved by gradu-
aly submerging a 250-ml (8 fl 0z)
beaker into a mixture of water and
larvae, and transferring thelarvaeto
aternate rearing chambers. As the
density of larvae was reduced, the
volumeof water in therearing cham-
ber was decreased by lifting it up,
keeping thewater line abovethe bot-
tomof therearing chamber. Thiscon-
centratestheremaining larvaeso they
can be collected. Larvae were re-
leased by submergingthe beaker half
way through the surfaceaf the water
and dowly releasing the water and
larvae. The standpipe was added to
each rearing chamber after the lar-
vaeweredivided. Air pressurecof the
standpipewas set to alow level, en-
abling larvae to slowly circulate
around the rearing chamber. Slow
flow velocity, 100t0 400 ml per min.
(3.3-13.3f1 0z per min.), alowsthe
larvae to grasp the sides of the en-
closure; too much current will sweep
them off.

On day 1, each of six rearing
chambers were given —50,000 algae
(Nannochlorisoculata) enrichedro-
tifers (Brachionus plicatilis) and
-20,000algaeenriched brine shrimp
nauplii (Artemia sp.). This concen-
tration of rotifers and brine shrimp
nauplii was maintained through day
5 (Note: cysts were removed after

hatching brine shrimp nauplii, and
rotifersand brineshrimp nauplii were
rinsed prior to releaseinto thelarval
rearing chamber, using a 48 um
(0.002-in.) nitex mesh sieve). In ad-
dition, every day beginning with day
1, 200 ml (6.8 fl 0z) of algae
(Nannochlorisoculata) at aconcen-
tration of -20,000,000 cells per ml
(0.034fl 0z), was added to each rear-
ing chamber to provide nourishment
for surviving rotifers and brine
shrimp nauplii. On days 6-11 algae
enriched brine shrimp nauplii were
maintained at a concentration of
-50,000 per rearing chamber. Dead
larvae, uneaten food and waste were
removed from each rearing chamber
every other day by use of avinyl si-
phon tubewith an insidediameter of
6.35 mrn (5/32in.). On day 10, lar-
vae in each rearing chamber were
removed by beaker and transferred
into cleanrearing chambers. Thiswas
repeated for all rearing chambers
every 10 days.

On days 12-158, algae enriched
brine shrimp nauplii were fed at a
concentrationof —30,000per rearing
chamber along with0.5g (0.017502)
of frozen food. Frozen food com-
posed of 50 percentsquid (I1lexspp.)
and 50 percent shrimp (Penaeusspp.)
was pureed in a blender and refro-
zen. Portions of this mixture were
thawed each morning and adminis-
tered to the surfacewater of therear-
ing chamber. Beginning on day 14
and every fourthday thereafter 4 mis
(0.13fl 0z) of Seachemreef calcium
(polygluconatecal cium) was added.

Larval Development

Fire shrimp pass through at least
10larval stages before moltingto the
postlarval form. Prior to stage5 the
fifth parapodiabecameflattened and
expanded into long paddle shaped
structures,whichmay assistin main-
taining positionand orientationinthe
water column (Figure?). Larvaea so
use these limbs for capturing food
and holding onto solid structuresin
the water column (Fletcher 1995).
After the final molt to the juvenile
stage, thecompound eyesarelocated
on the head rather than terminally
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Fig. 4. Recirculating larval rearing system
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placed on stalks, and the paddie-like
appendages become reduced to the
typical adult appendages (Figure8).
At thistimethe shrimpare nolonger
freeswimming but instead settleonto
the bottom and sides of the rearing
chamber. Thisbenthictransformation
may enhance their ability to prey on
larger, more diverse foods and in-
creasestheanimal sfeeding opportu-
nities (Kiley 1994).

Metamor phosis

Therewere400|arvaeon day 55,
when they were countedfor thefirst
time. Larvae were not counted ear-
lierfor fear that handlingstressmight
increase mortality. The first meta-
morphosisfrom alarvainto a juve-
nile occurred on day 75. Previous
studiesindicatethat thelarval cycle
of fireshrimplastsfor 11to 15weeks
(77 to 105 days) (Fletcher et al.
1995). Further research on larval nu-
tritional quality may decrease the
number of days necessary for
metamorphasisto thejuvenile stage.

By day 158,42 percent of thelar- 83)
vae counted on day 55 had metamor-
phosed into juveniles, the remainder died. We were unable to
look at overall mortality and survival, however we estimatethat
approximately 11 percent of the spawn survived to the juvenile
stage. Survival duringthejuvenilestage washigh (approximately
99 percent). Six monthsfrom thedate of hatching, thejuveniles
ranged from 30to 40 rnm (1.2 to 1.6 in.) long. At thistimethey
were suitable for sale to marine ornamental retail stores for a
price of $10 each. Even late metamorphosingshrimp provided
viable product for the marine aquariumtrade.

panded fifth parapodia
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Summary

The primary objectivedf thisresearch wasto providea pro-
tocol for the captivecultivationof fire shrimp. Protocolssuch as
this are essential for the development of marine ornamental
aquaculturetechnol ogy. Thistechnol ogy may allow aguaculture
to provideaform of coral reef habitat preservation and conser-
vation in the near future. Using this protocol we were able to
raise 168 adult fire shrimpfrom a single hatch (estimated hatch
1,500 larvae, 11 percent success rate). Our results suggest that
fire shrimp are appropriatesubjectsfor future research and de-
velopmentdf marineornamental aquaculture technology. Wein-

Hg. 7Fi reri p post-larvae (day 68) with ex-

Fig. 8 Newly transformed juweamile firg afirimp (day

tend for this information to enable
scientists and hobbyistsalike to re-
fine thistechniqueor devel op better
ones, expand research, and provide
an alternative to the capture of
stressed and endangered wild popu-
lations.
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