Larval Culture of Tachypleus gigas and Its Molting
Behavior Under Laboratory Conditions
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Abstract Horseshoe crab populations along the northeast coast of India
are under threat due to degradation of the breeding beaches. To augment
the trend, attempts were made to culture the larvae of Tachypleus gigas
and study its growth rate by enhancing the molting pattern in the labora-
tory condition. Trilobites of 7. gigas were cultured on a controlled diet of
brine shrimp (Artemia) and diatom (Chaetoceros gracilis) at 26-28°C and
32-34%/g0.

Trilobites could molt up to the fourth posthatched juvenile stage within a
period of 180 days from the day of hatching of trilobite from the egg membrane
as free swimming larval stage. The molting behavior was faster from the first to
the third posthatched juvenile stage, i.e., within a period of 90 days. The average
growth rate in terms of total body length from the first to second posthatched
juvenile was about 63%, and from the second to third posthatched larva was
about 38%. The growth rate was found to be about 25% from the third to
fourth posthatched juvenile stage, and molting took place 180 days after the day
of hatching of trilobite. All the posthatched juveniles had similar morphological
features to the adults. The fourth posthatched juveniles exhibited more promi-
nent morphological features with fully grown legs, spines, and segmentation,
with a total body length of 45 mm.

Further studies on food-dependent molting patterns of juvenile instars may
help to establish a standardized aquaculture method to grow horseshoe crabs in
captivity. Sea ranching of these reared animals can be carried out regularly in
the holding areas to increase horseshoe crab populations and conserve these
precious organisms from the brink of extinction.
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1 Introduction

Horseshoe crab populations over the world are now under threat as never
before due to several known and unknown factors. Attempts are also being
made to restore their populations (Rudloe 1982, Berkson and Shuster
1999, Widener and Barlow 1999, Botton 2001, Tanacredi 2001, Carmichael
et al. 2004). Two of the four extant species, Tachypleus gigas and Carci-
noscorpius rotundicauda, are found along the northeast coast of India
(Sekiguchi et al. 1976, 1978, Sekiguchi 1988, Chatterji et al. 1988). Their
distribution extends from Sunderbans in the extreme northern coast of Bay
of Bengal, associated with Gangetic estuarine system (Itow et al. 2004), to
the coast of Andhra Pradesh through the coast of Orissa, where they are
found in high numbers (Fig. 1). 7. gigas uses the intertidal zones of Orissa
coast, associated with estuaries and creeks for breeding. This is due to
favorable conditions such as beach characteristics, estuarine and creek
environments, and suitable sand grain size at the breeding beaches (Mishra
1991). The highest number of breeding pairs are found at Balaramgari
(Lat. 19° 16 * N; Long. 84° 53’ E) in the vicinity of Budhabalanga estuary
(Mishra 1991, 1994, Mishra et al. 1992).
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Fig. 1 Map showing the distribution of horseshoe crabs along the northeast coast of India
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In recent years, the number of horseshoe crab pairs at Balaramgari has
declined, which may be mainly attributed to the destruction of breeding beaches
due to various anthropogenic activities as in the case of Limulus polyphemus
(Botton et al. 2006), fisheries-related activities, and disturbance of the beach
sand due to natural calamities. These factors affect the breeding activity and
successful recruitment of 7. gigas along the coasts of India. Though these
environmental threats are encountered mainly at a local level, it may become
a potential threat in the future and inhibit shoreward migration of the horse-
shoe crabs for breeding.

Several studies on the developmental biology and culture of juvenile horse-
shoe crab species have already been carried out at different environmental
conditions (Sekiguchi 1973, Brown and Clapper 1981, Jegla 1982, Laughlin
1983, Sekiguch et al. 1988, Mishra 1991, Chatterjee et al. 2004, Lee and Morton
2005). However, there are no reports on the juvenile molting behavior of
T. gigas from the trilobite (first instar) stage to different posthatched juvenile
instars in response to food and culture conditions under laboratory conditions.

The present study was carried out to culture the larvae of 7. gigas on a
supplemented mixed diet of brine shrimp (Artemia) and the diatom (Chaetoceros
gracilis) and study their molting behavior under laboratory conditions. Attempts
were also made to observe the growth rate of the juveniles starting from trilobite
to posthatched juvenile instars up to 180 days. The objective was to standardize
the technique of rearing of 7. gigas juveniles in the laboratory. Eventually, sea
ranching of horseshoe crab juveniles in the holding areas is planned as a means of
restoring natural populations. Therefore, it is important to develop laboratory
culture methods that can grow fertilized eggs through the early juvenile stages in
an environment that protects them from scavengers and excess human activities
in the breeding zones.

2 Materials and Methods

Two hundred freshly deposited fertilized eggs of T. gigas were collected from
the nests made by breeding pairs at Balaramgari beach immediately at the low
tide on 24th-Feb-2002. Eggs were brought to the laboratory and incubated in
the laboratory at room temperature of 26-28°C by keeping them in a plastic
tray with sand, moistened with seawater. Trilobites hatched out 38-40 days
after fertilization. These freshly hatched trilobites were transferred to fiberglass
tanks with cartridge-filtered natural seawater of salinity 32-34%. Larvae were
reared at a density of two larvae per liter of seawater at room temperature, and
the culture water was aerated continuously. A thin sand bed was created in the
tank for providing shelter for the larvae and to minimize epiphytic growth
(French 1979). Larvae were fed with a substitute diet of Artemia and diatom,
C. gracilis, during the culture period. The larvae were checked daily, and 40%
of the culture water was changed. The growth rate was studied by measuring the
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total length of the molted individual at each stage by random sampling; total
length (TL) of the larvae (starting from the anterior end of the prosoma to the
tip of the telson at the posterior end) was measured by using vernier calipers.
Simultaneously, prosoma width of the juvenile instars after each molting was
also measured.

3 Results

The average total length of the freshly hatched trilobite larvae, which do not
posses any tail, was 8 mm (Table 1). These larvae were very active and swam
upside down in the culture tank. Trilobites could molt up to the fourth post-
hatched juvenile stage (fifth instar) within a total period of 180 days from the
day of hatching as free swimming trilobites (Table 1). The rate of molting was
faster from trilobite (without tail) to the third posthatched juvenile stage,
i.e., within a total period of 90 days from the day of hatching of trilobite. In
case of the first juvenile molt, the average growth rate (TL) from trilobite to first
posthatched juvenile (first-tailed stage) with the appearance of fully grown tail
was found to be 100% within a period of 30 days. The average growth rate was
63% from the first to second posthatched stage, and 38% from the second to
third posthatched stage. However, there was a slower growth rate of about 25%
from the third to fourth posthatched juvenile stage, which took 180 days after
the day of hatching of trilobite. All the posthatched juveniles exhibited similar
morphological features to that of the adults. The fourth posthatched juveniles
exhibited more prominent morphological features with fully grown legs, spines,
and appendages with a total body length of 45 mm. Prosoma width increased

Table 1 Growth increment of larval stages of 7. gigas

Prosoma Percentage of growth
Days for Total body width increment (total
Stages development length (mm) (mm) body length)
Trilobite 38 days after 8 7 -
fertilization
First 30 days after 16 11 100
posthatched reached
juvenile trilobite
Second 45 26 16 63
posthatched
juvenile
Third 90 36 20 38
posthatched
juvenile
Fourth 180 45 24 25
posthatched
juvenile
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from 7 mm at the trilobite stage to 24 mm at fourth posthatched juvenile
(Table 1). However, the mortality rate during this study period was observed
to be very high with an average survival rate of about 30% at the end of the
culture. Although there was 100% survival between trilobites and first post-
hatched juvenile stage, it was about 67% from the first to second posthatched
stage. It further declined to about 62% from the second to third posthatched
stage, and 30% from the third to fourth posthatched juvenile stage.

4 Discussion

In the present investigation, it was observed that the trilobites exhibited rapid
molting under laboratory condition in comparison to the juvenile molting of
Limulus, which took about 7 months to reach the fourth posthatched juvenile
(Brown and Clapper 1981). In all the stages, there was a positive correlation
between the total length and the prosoma width (Fig. 2), indicating that the
growth takes place in terms of increasing both length and width. It has been
reported that salinity influences larval growth in 7. gigas (Chatterji et al. 2004).
In this experiment, natural seawater with a salinity range of 32-34% was found
to be suitable for larvae culture. In this region of India, trilobites migrate to the
sea immediately after their hatching with the receding tide and grow as juveniles
in the seawater with little variation in salinity regime. Under experimental
culturing conditions, the food given to larvae may have influenced the molting
behavior in juvenile horseshoe crabs. However, further studies on food-
dependent molting pattern of juvenile instars can help to establish a standar-
dized culture method of this species.

The intermolt period increased with stage, from 30 days between trilobite
and first juvenile to about 90 days between the third and fourth juvenile stage
(Table 1). Though the reason for this is unknown, the role of ecdysones as molt-
promoting hormones (Jegla 1982; Sekiguchi et al. 1988; Shuster and Sekiguchi
2003) deserves further study. But the involvement of a molting protein in
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Fig. 2 Total length and prosoma width of different larval stages of 7. gigas
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T. gigas, as in the case of other crustaceans, particularly in barnacles (Satuito
et al. 1996) should also be investigated. It may be termed as horseshoe crab
molting protein (HCMP). As molting takes place, I hypothesize that the HCMP
in the larva may be used, causing depletion in its concentration. Again it may
take some time to generate the protein within the body to the required level,
which is capable of inducing the molting process. However, it requires further
study to clarify the involvement of any such protein in horseshoe crabs.

Sea ranching of laboratory-reared 7. gigas was carried out by the author on
the World Environment Day in the year 2002 at Visakhapatnam (northeast
coast of India). The sea ranching of laboratory-reared horseshoe crab juveniles
was done in the holding areas as a step to compensate the loss of horseshoe crab
population, due to the loss of breeding grounds, and to restore natural popula-
tions. Simultaneously, an awareness campaign among the coastal population
was conducted to highlight the threats encountered by horseshoe crabs in their
natural habitat due to environmental degradation with a view to conserve these
precious organisms from the brink of extinction at national and international
levels.
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