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ABSTRACT

Mass seed production technology was tried in thesg@nt study in three eyed crab, P.
sanguinolentus. To enhance the survival, the karveere offered with sufficient amount of
enriched Artemia nauplii and B. plicatilis. Durinipe experimental period the larvae were
provided with cordial environmental parameters. drder to avoid cannibalism shelters were
provided in the culture tanks. The total duratfonzoea | and Il required 3-4 days, while zoea
Il and IV took 2-3 days and megalopa required @ays to metamorphose into crab instar
stage. The complete larval development took a spah-18 days. The intermoult duration was
3.6240.32, 3.6840.37, 2.7540.35, 2.5640.51 and &3@0 days for zoea |, II, Ill, IV and
megalopa respectively. The final survival ratenfronegalopa to first crab was 5.25%. The
survival rate for each zoeal and megalopal stages al.75+2.36, 44.0£3.36, 34.5#4.79,
12.0+2.94 and 5.25% for zoea |, Il, lll, IV and nadgpa respectively. A maximum of 28% of
mortality was observed during the first zoeal statgelf and thereafter the mortality was
gradually increased.

Key words: Portunus sanguinolentuértemia nauplij Zoea, Megalopa, Crab instar.

INTRODUCTION

In the past, crabs were considered a secondaryesp@cshrimps and finishes. However, crab
culture gained its importance from the beginnindpst decade due to great demand of live crabs
and crab products in the export market. The crdture is presently dependent on wild caught
seeds that are not sufficient [1, 2]. The natwekd availability is declining due to
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indiscriminate collection of juveniles for farminglThe collected seeds are also not uniform in
size and availability throughout the year is a Qigestion mark. Many countries like Japan,
Philippines, India, Indonesia, Thailand, Bangladegietnam, Australia and USA are actively
involved in crab culture and research. Howevemost of the countries to date, hatchery seed
production of crab has been experimental, through technology has developed for the
production of crab seed. For the last three decatny hatcheries in Japan produce see@s of
trituberculatusfor the restocking progarmme. Philippines alstivaty involved in crab culture
and contributed significantly in hatchery and farghtechnology for the mud crabs. However,
there is no seed production technology is availdble commercially important crabP.
sanguinolentus To stop the depletion of the natural resourcesb ta get uniform sized seeds
throughout the year for farming. Seed productiechhology is badly needed. Hence, the
present study is designed to develop a simple tdoby for the mass seed production Rof
sanguinolentus Since,P. sanguinolentudrooders are available throughout the year albeg t
Parangipettai coast [3].

MATERIALS AND METHODS

Selection of brooders

Healthy gravid females d&?. sanguinolentusvith all the appendages intact and the charatteris
yellow colured eggs were collected from the Panaeitmi coastal waters. Crabs were kept in a
holding tank at a salinity of 35+1%o, pH 8.2+0.1migerature 27+2°C and photophase 14 hours
light and 10 hours darkness with continuous aamafidtered seawater was used for the entire
operation and 50% of water is exchanged every Masgsel and clam meat were given as food.
Females about to hatch their eggs were identifiethbir egg colouration, abscence of yolk and
vigorous limb movements in the embryo. Broodstogthvgray eggs were transferred to the
hatching tanks. Eggs hatched during the early hotithe day by jerking movements of the
abdomen which is probably to disperse the newlghett larvae. Seawater was brought to the
laboratory and filtered by a 0.5mm mesh size chuitk. The seawater was allowed to settle in a
sedimentation tank for 24 hours and passed threagi filters. The water was disinfected by
adding calcium hypochlorite (10.8 grams for 500eB) and allowed to stand for another 24
hours [4]. The water was vigorously aerated for nlegt 24 hours and passed through cotton
filters at the rate of five litres per hour. Antiics such as oxytetracyclin and ciproflaxin were
added to the rearing water. During the experimepégiod, salinity, dissolved oxygen, pH and
temperature were recorded by using a Centuary Waialyzer Kit Model CK 711.

The newly hatched active photopositive zoeae | cegege along water interfaces. They were
siphoned into glass beakers and counted. The nuofib@rvae was estimated (at the rate of 50 /
liter, 10,000 / 200 liters) and introduced intorieg tanks. The entire larval cycle (zoeae | to 1V,
megalopa and first crab stage) was carried oub%t 8ltered seawater.

The Artemia nauplii were harvested from the Arteiméching tank and placed in a plastic tub
with required quantity of water. The enrichmenlugon (Culture Selco-INVE, Belgium) was
added at a concentration of 0.1%. The nauplii veeméched for 12 hours and after washing in
seawater the nauplii were fed to the crab larvae.
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Newly hatched zoeae | was fed three hours aftexkstg. Larvae were fed twice daily in the
morning (8:00 AM) and evening (5:00 PM). All thezdeal stages and megalops were fed with
rotifers B. plicatilis) and Artemia nauplii (OSI Brine shrimp eggs, USA) daily. In therning
larvae were fed witlB. plicatilis at the rate of 5-15 per ml (zoea | & 1), 15-25 pd (zoea Ill),
25-40 per ml (zoea IV) and 70-80 per ml (megalopajhe evening thawedrtemianauplii, 2-

20 per larvae for zoea |, Il, 1l and 20-50 pewke for zoea IV and megalopa were provided.

The zoea IV on reaching the megalopa stage, werddad with pebbles as substrate, oyster
shells were suspended by nylon ropes as hide iretiting tanks. Soon after the first crab stage
metamorphosed they were transferred to new reddnlgs having water of similar quality,
parameters and conditions.

Daily the rearing water was exchanged up to thoeetlis of the tank capacity. Dead larvae and
exuviae were siphoned out during this time to pnéw®ntamination. A cloth sock was used to
prevent the loss of live zoeae. Mild and continuaasation was provided (10 to 15 bubbles per
minute) to the rearing tanks by an air compresSare was taken to prevent irregular aeration
using a generator.

Larval numbers were estimated daily by counting@icates taken in 500 ml beakers from the
rearing tanks. Assessment of each zoeal stage was a completion of different levels of
metamorphosis to determine feeding and survivakrathus mass rearing from different broods
was carried out simultaneously in 5 rearing tamkgrder to replicate the experiment.

RESULTS

The regular monitoring of water quality parametershe culture medium did not show much
variation. Parameters like salinity 35+1ppt, disedl oxygen 5+1 @ ml/lit, temperature of
30+1°C and pH of 7.3 to 8.2 were recorded duriregstindy period.

The complete larval development &f. sanguinolentusconsisted of four zoeal and one
megalopal stages before moulting into crab indtges Total duration for zoea | and Il required
3-4 days, while zoea Ill and IV took 2-3 days anelgadopa required 6-7 days to metamorphose
into crab instar stage. The complete larval devekqt took a span of 15-18 days. The details of
the intermoult duration of the different larvalgta are given in Table. 1.

The details of the survival rate of different ldrgtages are presented in Table 2. The final
survival rate from megalopa to first crab was 5.25%maximum of 28% of mortality was
observed during the first zoeal stage itself areddaéafter the mortality was gradually increased.
The survival percentage shows that mortality was Im all zoeal and megalopa stages.

DISCUSSION

In order to reduce the gap between supply andasarg demand through the commercialization
of captive raised organisms, one special constrairgt be overcome — larval mass rearing [5].
To date broodstock development and hatchery semtluption of crabs (in terms of percentage
of survival) have been experimental, though thérnetogy has developed for the production of
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crab seeds in many countries. Several studiestetatthe survival of the commercial portunid
crab larvae have used brine shrimp, rotifers agdeahs food, since the nutrition turns to be vital
to the larval survival. Apart from the live feetigtwater quality parameters such as salinity and
temperature will also play an important role in lwal growth and survival during mass culture
experiments.

Seawater appears to be an excellent medium foetbacsurvival and the microbiological safety
of all sea- and freshwater used must be assuradate it the first line of defense against
harmful bacterial contamination from other sourf@s Water quality (temperature, salinity,
nutrient and hygiene) is a significant factor irvl survival [7]. Since the nutritional aspecfs o
the hatcheries have been standardized much, itypothesized that the microbiological
environment in the cultures is now the most sigaifit constraint on the achievement of
consistently high levels of survival through thevi cycle at production scale [8]. So, now a
days the role of antibiotics is much felt in the smascale culture and they are found to be
enhancing the premetamorphic survival of zoeaeemuahring rate of zoeal development and
success of metamorphosis to megalopa unaltereth[8je present study, the antibiotics such as
oxytetracyclin and ciproflaxin were used to contited microbial load in the rearing tanks and
also to provide a healthy environment to the lateagrow and metamorphose successfully with
less intermoult duration. The survival and the tieaf the larvae were improved after applying
these two antibiotics to the rearing medium. BiitB] made a preliminary study on antibiotics
such as penicillin-G, streptomycin and polymycin-iBdividually and in combination, on
survival and development of the crab larvaeSofserrata Thirunavukkarasu [9] made similar
study inS. tranquebaricaby treating water with ciproflaxin and oxytetrabigicto control the
microbial load in the larval rearing medium.

Survival and longevity of marine invertebrate lavare influenced by abiotic factors such as
water temperature and salinity, and by biotic fexctguch as food availability, food quality and
predation. In the present study the water salwi#g maintained at 35 ppt since the spawning,
embryogenesis and hatching of eggs generally tplee® in coastal regions. The results of the
present study indicate that the most suitable rafgemperature for crab larvae was found to be
30 to 32.5°C. The higher mortality rate of the zteaspecially during the first three days of
culture might be due to fluctuations in water terapare in brooder’s tank and the mass culture
tanks. The temperature shock caused larval stressnartality has been surmised when there is
an unintentional temperature fluctuation oiC% due to equipment failures that lead to
abnormally high mortality rates[11]. The bettervsual evidenced in the present study with the
larvae ofP. sanguinolentusnight also be due to the higher temperature (3DtIPhe previous
studies on the effect of temperature on larvalingarevealed that the larvae could not survive in
low temperatures. The low survival rate was evidenen the larvae db. serratareared at low
mean temperaturese., at 27.5°C by Ong [12, 13], at 24°C by Du Plegsi$, at 22°C by Brick
[10] and at 27°C by Haesman and Fielder [15]. Teatpee had a strong influence on the
survival of P. pelagicudarvae, with marked negative effects at 22.5°C.

The quantity and quality of food supply are theetHactors regulating the duration of larval
development [16, 17]. Insufficient food supply wllolong larval development, thus, increasing
the risks of larval mortality due to predation astdrvation. At first feeding, larvae usually
restrict the size of the food particles that canngested. Providing prey of a suitable size is one
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of the more important feeding strategy aspectstestacean larvae, which hatch with little or no
yolk reserve. Suitable prey for larvae should nieete general criteria: namely, they should be
an appropriate size for easy capture and consumpti@y should be present at an adequate
concentration, and they should contain essentethdr nutrients [17]. The seed production of
aquatic species is almost entirely depending orsticeessful production of live food organisms,
principally rotifers, followed byArtemia. The superiority of the live food organisms invr
nutrition over existing compounded diet is partlyedo the availability of exogenous enzymes
through the live food, which in combination withdegenous enzymes of the animal lead to
efficient digestibility [18]. Young animals with ¢8 developed digestive system benefit more
from exogenous enzymes than do adults. The examttigy of food required at each stage
cannot be prescribed as it depends on the utdizatf the feed by the larvae and must be judged
visually by the operator.

In the present study the zoea were initially fethvi. plicatilis, since the small size of first zoea
refused to feed oArtemianauplii. B. plicatilis is small in size and can be ingested completely
by small decapod crustacean larvae. Rotifer gusiglly filled with bacteria and algae, which
could provide additional nutrition for the larvalrins of decapods. It has a short life cycle with
simple dietary requirements can be cultured in ldghsities and has a favourable nutritional
content [19]. The caloric content of rotifers geam ash dry weight is not significantly different
from that of Artemianauplii[20]. The larvae oP. sanguinolentusvere provided withArtemia
only from later stages especially from Ill zoea an#s. The studies on the crab larvae showed
that the absence of small prey during the earlyazstage ofC. sapidusresulted in high
mortalities. The smaller size and slower swimmipgesl ofB. plicatilis apparently allow their
capture and manipulation by small crab zoea and a&swly hatched larvae of. sapidus
couldn’t pass to the next stage when fed wAittemia nauplii [21]. Early larval stages of
Macrobrachium malcolmsonapparently graze on the appendagelrtémianauplii but could
consume entire rotifers [22]. The swimming cRaltrituberculatuswas fed withArtemianauplii
from third zoea stage to avoid cannibalism [23].

Combination ofArtemianauplii and rotifer obtained mixed results whea te the crab larvae by
different authors. Brick [10] showed that mud ctalbvae fed orArtemia nauplii alone had a
higher survival rate than those fed on rotifers. ddggested that the addition of rotifers might
have contributed to the deterioration of the celturedium, through oxygen consumption or
release of metabolites, without providing any riagmnial benefit for the larvae. McConaugha [17]
reported thaRithropanopeus harrisilarvae fed on rotifer could not metamorphose autw
lipid content and low feeding efficiency. BaylondaRailaman [24] demonstrated that the rotifers
are more important thafsrtemianauplii for maintaining the survival rate of thesf and second
zoeal stages, whereas supplyidgemia or rotifers as the sole prey failed to maintaie th
survival rate of mud crab. In most of the previstisdies, successful seed productions obtained
when rotifer andArtemia nauplii were used as feed [25]. Successful seedugtion was
reported inP. trituberculatus offered with rotifer andArtemia nauplii [23, 26, and 27].
Minagawa and Murano [28] recommended mixed ditsemianauplii + rotifer) for mass seed
production of frog crabRanina ranina In the present study, both rotifer aAdemia nauplii
have been offered to the larvae Pf sanguinolentuss experimented in the previous study.
However, the survival rate is not encouraging. ™asi reasons are attributed for the lower
survival even though standard live foods were used.
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Information on larval nutritional requirements mportant for the establishment of successful
seed production technology. Improving the food gati Artemiathrough enrichment prior to
feeding of fish or crustacean larvae is now a comrmactice among marine hatcheries for
improved survival, growth and stress resistancé [P®e advantage of usimgrtemianauplii for
feeding the larval crab is that it could have cdwitie to the lipid and energy resulting in a high
feeding efficiency. In general live foods are ladkn-3 HUFA, without which the growth of the
developing larvae will not be optimized. Althouglatal on the nutritional requirements of
brachyuran crabs in the larval stage is limite& #ssential fatty acid requirements has been
revealed for several species[9,11,17,22,23,25,233385,36]. Earlier study showed that feeding
mud crab larvae with live food containing a lownitidn value, especially n-3 HUFA resulted in
low survival and longer intermoult period. Hamasatkal. [31]emphasized that as the amount of
n-3 highly unsaturated fatty acids (n-3HUFA) in@es in the feed, the larval survival, growth
and velocity of development were also been improwedhe larvae of swimming cralf.
trituberculatus The swimming crab larvae fed wiirtemiacontaining n-3 HUFA from the'
stage to obtain high survival rate [23]. All tAgemiado not possess all the essential fatty acids
in required concentrations, particularly 22:6 n37-89]. Similarly Watanabaet al. [40]
reported that rotifer cultured with the yeast wqteet low in n-3 unsaturated fatty acids. The
larvae fed with cuttle fish liver oil enrichedirtemia nauplii and rotifer showed accelerated
growth, and survival [36]. Larval growth and morgeaesis might be controlled by the
nutritional conditions of the prey and the larvaelf. Although it has not been shown for
brachyuran larvae that the morphogenesis is affebte nutritional factors, there are a few
reports that dietary n-3HUFA improves the growthiclihwas represented by the carapace width
of the first crab stage in the larval rearingSofserrata[34] S. paramamosaif23, 27] and the
swimming crabP. trituberculatuq31, 41].

The final survival rate oP. sanguinolentutarvae in the present study was 5.3% from Megalopa
to first crab instar. The survival rate is compaedy higher than that reported f&. serrataby
Haesman and Fielder [15]. The reasons could be thea feeding schedules, incorporated
combinations oB. plicatilis andArtemianauplii. Similarly, Zainoddin [42] also pointed tahat

the combination oB. plicatilis and Artemia nauplii served as feed gave better survival. The
survival rate in the zoeal stages (I to IV zoede t® 35 per cent) achieved by Haesman and
Fielder [15] on the larvae &. serratawvas due to high concentration Aftemianauplii (5 to 30
nos. per ml) used once in a day. Larvae of thaeélamilyP. trituberculatushave been reared
with success (over 60%) on the same species derati combination withArtemia [26].
Minagawaand Murano [28] recommended a combinatfodiets to mass rear the larvaeRof
ranina

In the present study mortality in the first two abstages oP. sanguinolentusegardless of the
feeding regimes is quite comparable with the resolbtained by Joseleen Jose [43] and
Soundarapandiaat al. [25] in P. pelagicus They point out from their experiments that iditia
mortality during the first two days of the experimheoccurred often and relatively high
regardless of feeding regimes and are rather uigbadie. They related the mortality to the low
viability of the individual larva. Similarly mort&y during the zoea IV and Megalopa stages was
either before moulting, during moulting (includegamplete moulting) irP. sanguinolentus
larvae. The possible reason cited by Angeral. [44] is that mortality due to depletion of
reserves resulting in larval inability to catch teey. Similarly, Rosenberg and Costlow [45]
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suggested that the majority of the larval poputai®preparing for the premetamorphic moult to
Megalopa. Likewise Costlow and Bookhout [46] andri€tfansen and Costlow [47] have
observed high mortalities in the larvaeRafharrisii at the premetamorphic stage. They attribute
two reasons for such mortality — 1. The larvae hé$é premetamorphic stage are extremely
susceptible to unfavourable environmental cond#ti@t this time of life cycle and 2. The
metabolic cost of metamorphosis is very high angeaps to decrease the capacity of larvae to
counteract these unfavourable conditions. Canmstialtendency was observed from megalopa
onwards and it was the main reason for the highatatity from megalopa to first crab stage.
The shelter provided to this larval stage was foeffdctive and reduced the cannibalism to
some extent.

The maintenance of good water quality and hygieménd the larval culture results in higher
survival percentages. The hygiene begins with tiepgration of the broodstock and continues
up to the metamorphosis of megalopa to crablets. diim is to restrict the growth of potential
pathogens, including bacteria, fungi, viruses aralgzoa in the culture system. It can be safely
assumed that all inputs into a culture tank aremigdl sources of infection that may reduce rates
of larval survival and metamorphosis. All tanks agiipment used in the culture must first be
effectively sterilized following standard methodsfdre use as a simple precautionary measure
[6, 10].

In the present study larval mortality was spreadughout the four zoeal and megalopa stages
and was not confined to any one particular stagdesklopment. However, highest mortality
occurred during the transition from first zoea &xand; fourth to megalopa and megalopa to
crab stage. This may be due to the inability of ldreae to break completely away from their
casts. Many workers have reported that the mortalas high during the first zoea moult to
second zoea i8. serratg12, 15, 48].

Table 1. Intermoult duration of different larval stages

Larval stage Intermoult duration (Days)
| Zoea to Il Zoea 3.62+0.32
Il Zoea to Il Zoea 3.68+0.37
Il Zoea to IV Zoea 2.75+0.35
IV Zoea to Megalopa 2.5610.51
Megalopa to Crab instgr 6.50+0.40
Total days 15-18

Table 2. Survival (%) of different larval stages

Larval stage Survival (%)
| Zoea to Il Zoea 71.75+2.36
Il Zoea to Ill Zoea 44.0+3.36
Il Zoea to IV Zoea 34.5+4.79
IV Zoea to Megalopa 12.0+2.94
Megalopa to Crab instar 5.25+0.50
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Costlow et al. [49] also observed high larval mortality in thesti zoeal stage ifPanopeus
herbstii. Anil [48] reported 40% mortality in the first zdestage inS. oceanicaCostlow and
Bookhout [50] inC. sapidusand Ramaret al.[51] in P. pelagicuhave reported that high larval
mortalities in the first two zoeal stages.@gclograpsus cinereuspound more mortality in later
zoeal stages[52].

Hence, using the present study as database,ldasthat the larvae ¢1. sanguinolentusan be
cultured on a large scale by adding more importaodbe water quality to prevent mortality by
bacterial infection and with the combination Bf plicatilis and Artemia nauplii as feed. The
rotifer B. plicatilis and enrichedArtemia nauplii were given as feed for the zoeal stages an
megalopa respectively. The rotifer and the enrichgdmianauplii were found to be supporting
the larval development very much and hence bettesfival could be observed. No ciliate and
bacterial infection was noted during the study quri
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