
AQUATIC BIOLOGY
Aquat Biol

Vol. 11: 37–46, 2010
doi: 10.3354/ab00289

Published online November 10

INTRODUCTION

Horseshoe crabs are an archaic group of marine
chelicerates, with the oldest fossils dating back to the
Upper Ordovician 445 million years ago (Rudkin et al.
2008). There are 4 living horseshoe crab species,
including one American species, Limulus polyphemus
(Linnaeus, 1758), and 3 Asian species, Carcinoscorpius
rotundicauda (Latreille, 1802), Tachypleus tridentatus
(Leach, 1819) and T. gigas (Müller, 1785). Horseshoe
crab populations are rapidly declining around the
world, as has been reported in the USA (Botton &
Haskin 1984, Bell & Henderson 1993, Shuster et al.
2003, Smith et al. 2009), Japan (Itow 1998), Taiwan

(Chen et al. 2004, Hsieh & Chen 2009), Singapore
(Hong 2004) and the Philippines (Schoppe 2002).
Horseshoe crabs were known to occur in great num-
bers in Hong Kong some 30 yr ago, but now, they can
only be found in much lower numbers (Chiu & Morton
1999, 2003, Li 2008). An updated survey, using both
random transect and walk-through search methods at
17 shores in Hong Kong in summer and winter showed
that the density of juvenile horseshoe crabs T. triden-
tatus and C. rotundicauda had declined significantly
(by over 90%) since 2002 (Shin et al. 2009). The loss of
breeding habitats, coupled with the slow growth of
these crabs, means that these living fossils may be
facing a potential threat of extinction.
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ABSTRACT: Juveniles of artificially bred Tachypleus tridentatus were reared in the laboratory for
15.5 mo. Fast growth (at least 3 times faster than in previous studies) and low mortality were
observed, with juveniles reaching the 9th instar stage and having a cumulative mortality of 61.3% at
the end of the rearing period. Such enhanced growth can potentially be attributed to high seawater
temperature, sufficient living space and constant water flow. Isometric growth of prosomal width and
other growth parameters including opisthosoma width, eye distance and prosomal length was found.
Two distinct growth phases were detected for the opisthosoma length, with zero growth from the 1st
to 2nd instar but isometric growth from the 2nd to 9th instar stage. Growth in telson length was pos-
itively allometric from the 1st to 3rd instar and isometric from the 3rd to 9th instar stage. The increase
in wet weight and prosomal width was isometric throughout the 9 developmental stages. Based on
the allometric growth patterns, the juveniles can reach adult size within 4 yr. The results may serve
as a basis for the large-scale culture of this species for the purposes of restocking and restoration of
natural populations.
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Use of captive breeding for population enhancement
in animal conservation has increased markedly in the
last decade (Olney et al. 1994). In Taiwan, more than
10 000 individuals of second-instar juvenile Tachy-
pleus tridentatus produced artificially in the laboratory
were released in the protected area in Kinmen in 2002
(Chen et al. 2004), while about 40 000 juveniles were
released in the wild in Xiamen, China, in the same
year. A successful restocking program relies heavily on
an adequate supply of juveniles from artificial breed-
ing, as juveniles released in the wild may suffer high
mortality from predation, diseases, food availability,
etc. The problems with juvenile horseshoe crabs in cul-
ture include low fertilization success, high juvenile
mortality and slow growth of the instars (Sekiguchi et
al. 1988, Chatterji 1994). The most extensive study of
horseshoe crab growth was conducted by Sekiguchi
(1988) on the juveniles of Limulus polyphemus and T.
tridentatus, which required 9 yr to develop into 14th
and 10th instars, respectively. The study itself, how-
ever, may not be representative because of both low
numbers of specimens and survivors in the study, as an
initial number of 44 and 33 ind. were used for L. poly-
phemus and T. tridentatus, respectively, and only one
individual of each species survived at the end of the
experiment.

The actual life span and exact number of ecdysis
events in horseshoe crabs are unknown (Tanacredi
2001, Carmichael et al. 2003, Lee & Morton 2005), as it
is difficult to accurately assess age in horseshoe crabs
(Botton & Ropes 1988). Goto & Hattori (1929) sug-
gested that Tachypleus tridentatus molts 12 to 13 times
before maturity, while Kawahara (1984) proposed that
males molt 14 times in 9 yr and females 15 times in
10 yr. Sekiguchi et al. (1988), on the other hand, re-
ported that T. tridentatus males molted 15 times within
14 yr, based on an allometric growth pattern identified
in laboratory culture over a period of 9 yr. Asano
(1942), however, reported that the species reached
maturity in 15 to 16 yr after 17 or 18 ecdyses based on
field observations and measurements of exuvial sizes.
To follow individuals’ growth from hatching to matu-
rity in a natural habitat is challenging because it is
impractical to produce a long-lasting external tag for
juvenile horseshoe crabs due to their regular ecdyses
(Sekiguchi et al. 1988, Lee & Morton 2005). Therefore,
indirect methods including examination of either living
individuals (Carmichael et al. 2003) or exuvias (Shuster
1958, 1982) have been used. Another way to obtain
growth data is by studying individuals in culture
(Sekiguchi 1988). By following the growth and size of
individual instar stages and assuming that individual
growth between instar stages is the same in culture as
in the wild, results may be extrapolated to estimate
size and age of individuals in the field.

The main aim of the present study was to investigate
growth of the Chinese horseshoe crab Tachypleus
tridentatus in culture and assess the possibility of pro-
ducing culture conditions which will permit successful
large-scale production of this species for population
enhancement in the wild.

MATERIALS AND METHODS

Artificial insemination. A mating pair of horseshoe
crabs Tachypleus tridentatus was purchased from a
fish market, and artificial insemination and breeding
was carried out on 23 August 2007. The ventral sides of
the prosoma of the mating pairs were cut open. Eggs
were collected using a spoon, while sperm was col-
lected using a syringe. Eggs were washed with sea-
water and in vitro fertilization was carried out by mix-
ing the eggs with diluted sperm (diluted 4 times using
filtered natural seawater). The fertilization rate was
over 95%, and the fertilized eggs were then incubated
in the laboratory.

Crab maintenance. A fiber glass tank (200 × 100 ×
25 cm) equipped with a water re-circulating system
was used for the culturing of fertilized eggs and subse-
quent juveniles. The re-circulating system consisted of
a protein skimmer, ceramic rings, UV light and filter
cottons. Natural seawater (30‰) collected from a clean
site along the east coast of Hong Kong was used in the
culture process and maintained at 28 to 30°C by elec-
tric heaters. The water flow was maintained at 12 l
min–1. Half of the water in the tank was renewed every
week, and air stones were put inside the tank to pro-
vide aeration. The dark:light cycle was set at 12 h
dark:12 h light.

Prior to hatching, the fertilized eggs were suspended
in running water inside the tank using small baskets
to maintain a high level of oxygen around the eggs,
whereas after hatching, the juveniles were cultured
directly in the tank with running water and coral sand
(0.5 to 2.0 mm in particle size, 5 cm in depth), as juvenile
horseshoe crabs prefer burrowing into the substrate.

No food was provided to the trilobite larvae as they
do not feed (Carmichael et al. 2009). Starting from the
2nd instar stage, juveniles were fed daily at night. The
2nd and 3rd instars were fed with newly hatched larval
brine shrimp Artemia salina which was left in the tank
overnight, and unconsumed shrimp were removed the
following morning. During feeding, water circulation
was stopped but was resumed the next morning. The
4th and 5th instars were fed with defrosted adult brine
shrimps A. salina, whereas the 6th instars and beyond
were fed with the meat of clam Ruditapes philip-
pinarum and shrimp Metapenaeus ensis, which were
chopped into small pieces. The food was left in the
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tank overnight, and unconsumed food was removed
the following morning. Water circulation was main-
tained when the juveniles were fed.

Growth measurements and data analysis. The mor-
phometric parameters measured are shown in Fig. 1.
Parameters were measured weekly at earlier stages
and monthly at later stages. The condition of the horse-
shoe crabs was checked daily. Deceased individuals
as well as exuvias were collected and the number
recorded every day. To avoid handling stress, espe-
cially for small-sized individuals, exuvias collected
during the rearing period were used for the detailed
size measurements of various body parts in order to
construct growth models. Fifty specimens were mea-
sured from the 1st to the 7th instar, whilst 28 specimens
were used for the 8th and 9th instars. Measurements
of small-sized individuals, i.e. the 1st, 2nd and 3rd
instars, were conducted under a stereomicroscope.

The allometric growth of each parameter (y) was
expressed as a power function of prosomal width (x)
(Fuiman 1983) in the form of an equation y = axb.
A b coefficient was estimated from the linear regres-
sion of an allometric growth curve, where log y = log a
+ b log x. This coefficient identifies the allometric
growth pattern of Tachypleus tridentatus such that val-
ues of b = 1 for length and b = 3 for weight indicate iso-
metric allometry; values of b > 1 for length and b > 3
for weight indicate positive allometry, and values of
b < 1 for length and b < 3 for weight indicate negative
allometry (Sekiguchi et al. 1988, Osse & van den Boog-
art 2004, Lee & Morton 2005). Inflexion points of the
growth curves were determined using the iteration
procedure according to van Snik et al. (1997).

RESULTS

Mortality

A low hatching rate (0.79%, or 155 ind. from some
20 000 eggs) was recorded. However, survival rates
were high at subsequent instar stages. The highest
mortality (32.7%) was observed for the 1st instar,
whereas mortality decreased to <20% for both the 2nd
and 3rd instars, <5% for the 4th to 9th instars and 0%
for the 6th, 8th and 9th instars (Table 1). The cumula-
tive mortality from the 1st to 9th instar was 61.3%.

Developmental stages

In total, 155 trilobite larvae were hatched from 2
October to 5 November 2007, and the hatching time
varied between 39 and 74 d after fertilization, or 55.2 d
on average. The average age recorded for each

developmental stage is presented in Table 1. The low-
est growth was recorded for a single individual which
remained as a 1st instar for almost 11 mo before devel-
oping into a 2nd instar, when most of the individuals
had already reached the 7th instar stage. This indi-
vidual developed into a 3rd instar at the age of 13.5 mo,
and a 4th instar at the age of 16 mo, when most of the
individuals were already 9th instars.

Growth

Allometric growth of size and weight

Mean values (±SD) of each morphometric parameter
for each instar stage are summarized in Table 1, and
the allometric relationships are shown in Fig. 2. The
growth of the eye distance (a = 0.6201, b = 0.9591,
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dentatus. Morphological
measurements of the 
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r2 = 0.9962), opisthosoma width (a = 0.7601, b = 0.9855,
r2 = 0.9978) and prosomal length (a = 0.5701, b =
1.0237, r2 = 0.998) throughout the 9 instar stages (Fig.
2a–c) was isometric with prosomal width. Two distinct
growth phases were detected for the opisthosoma
length: zero growth was obtained from the 1st to 2nd
instar (a = 2.7847, b = 0.0165, r2 = 0.0035; horizontal
line), but growth became isometric with the prosomal
width from the 2nd to 9th instar (a = 0.2879, b = 1.0501,
r2 = 0.9952) (Fig. 2d). Growth in telson length was pos-
itively allometric with the prosomal width from 1st to
3rd instar stages (a = 0.0169, b = 2.4555, r2 = 0.9641),
and isometric from the 3rd to 9th instar (a = 0.6109, b =
1.0969, r2 = 0.9676) (Fig. 2e). In addition, the growth
in wet weight was isometric with the prosomal width
throughout the 9 instar stages (a = 0.0995, b = 2.8986,
r2 = 0.9969) (Fig. 2f).

Growth estimations

Horseshoe crabs show stepwise growth (Shuster
1954, Shuster & Sekiguchi 2003); therefore, the size
increment during their intermolt periods is barely dis-
cernible, and the prosomal width is always correlated
with the development stage as well as with age (Lee &
Morton 2005). Regressions relating prosomal width
and body wet weight and instar stage are shown in
Fig. 3a and that relating age and instar stage is shown
in Fig. 3b. The corresponding equations are:

L = 0.4982 e0.2905i (r2 = 0.9986)
Wt = 0.0106 e0.8429i (r2 = 0.9986)
T = 3.145 e0.1791i (r2 = 0.9955)

where L represents prosomal width in cm, Wt repre-
sents wet weight in g, T represents age in month, and i
represents the instar stage.

Growth data collected from the 1st to 9th instars were
used to estimate the stepwise growth of horseshoe crabs
beyond the 9th instar stage (Fig. 3a). The estimated ages

of instars beyond Stage 9, however, were based on the
results obtained from the 2nd to 9th instars, as the
age–instar stage relationship for the 1st instar was differ-
ent from other stages (Fig. 3b). Growth increased about
one-third with each molt. According to the extrapolated
data, these horseshoe crabs could develop into 11th
instars in 2 yr, with a prosomal width of 12.2 cm and
wet weight of 113 g. Two more ecdyses would occur
in both the third and fourth year, with a prosomal width
of 38.9 cm and wet weight of 3.3 kg for a 15th instar.

Developmental deformities

All individuals from the 1st to 4th instar stage pos-
sessed perfectly symmetrical prosoma. Three individuals
at the 5th instar stage (4.3%) were found to have either
a spiral or shorter telson. The number of individuals with
such deformities increased to 11 (16%) at the 6th instar
stage. A partial concave margin of the prosoma was
recorded in 5 ind. after the 6th instar stage. Degradation
of a single eye was observed in 3 ind. (2 on the right eye)
after the 7th instar stage (4.3%). All these individuals be-
haved normally, but these deformities remained during
the study period.

DISCUSSION

Mortality

In the present study, a very low hatching success was
recorded. This could possibly be due to fungal infec-
tion at the incubation stage of the fertilized eggs in the
holding baskets within the re-circulating water tank
(Schreibman & Zarnoch 2009). However, more than
one-third of the 1st instar horseshoe crabs survived to
9th instar stage (cumulative mortality 61.3%). The sur-
vival rate was higher than that of a wild population of
the American species Limulus polyphemus in Pleasant
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Instar Age (d) Mortality Size (mm) Wet weight 
stage (%) Prosomal Eye dis- Opisthosoma Prosomal Opisthosoma Telson (g)

width tance width length length length

I 53.2 ± 4.3 32.7 6.26 ± 0.16 3.82 ± 0.12 4.79 ± 0.09 3.78 ± 0.16 2.88 ± 0.13 0 0.02 ± 0.002
II 133.9 ± 7.7 18.4 8.86 ± 0.32 4.89 ± 0.18 6.39 ± 0.21 5.30 ± 0.18 2.88 ± 0.16 3.55 ± 0.32 0.06 ± 0.01
III 154.6 ± 8.6 15.6 12.3 ± 0.53 6.64 ± 0.19 8.87 ± 0.33 7.41 ± 0.25 4.02 ± 0.13 8.05 ± 0.45 0.14 ± 0.02
IV 198.7 ± 13.1 3.3 16.4 ± 0.69 8.83 ± 0.29 11.7 ± 0.44 9.90 ± 0.39 5.41 ± 0.20 13.0 ± 0.82 0.32 ± 0.03
V 233.3 ± 8.2 1.7 22.0 ± 1.25 12.0 ± 0.66 16.0 ± 0.98 13.5 ± 0.80 7.32 ± 0.45 18.8 ± 2.01 0.72 ± 0.06
VI 288.8 ± 9.9 0 28.9 ± 1.52 15.6 ± 0.72 21.1 ± 1.24 17.9 ± 0.89 9.84 ± 0.46 25.2 ± 3.15 1.71 ± 0.17
VII 335.1 ± 9.2 1.9 38.3 ± 2.49 20.7 ± 1.14 28.0 ± 1.75 24.0 ± 1.35 13.3 ± 0.73 32.0 ± 3.53 4.43 ± 0.73
VIII 385.4 ± 12.6 0 49.8 ± 3.35 26.7 ± 1.60 35.9 ± 2.52 31.4 ± 2.22 17.6 ± 1.04 44.5 ± 4.67 9.33 ± 1.56
IX 463.5 ± 7.5 0 65.7 ± 5.64 35.2 ± 2.77 47.0 ± 4.03 41.6 ± 3.71 23.3 ± 1.92 61.4 ± 6.09 20.8 ± 4.17

Table 1. Tachypleus tridentatus. Growth (mean ± SD) of juvenile horseshoe crabs from the 1st to 9th instar stage. n = 50 for each of the size/
weight measurement of individuals from the 1st to 7th instar stage; n = 28 for the measurements of individuals from the 8th and 9th instar stage
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Fig. 2. Tachypleus tridentatus. Allometric growth equations and relationship between the prosomal width with different body
part sizes, and with wet weight of horseshoe crab juveniles from the 1st to 9th instar stage. (a) Eye distance; (b) opisthosoma
width; (c) prosomal length; (d) opisthosoma length; (e) telson length (no telson at the 1st instar stage); (f) wet weight. (n = 50 for
each measurement of individuals from the 1st to 7th instar stage; n = 28 for individuals from the 8th and 9th instar stage)
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Bay, USA, where the cumulative mortality was 99.6%
from the 1st to the 7th instar stage (which lasted 1 yr)
(Carmichael et al. 2003). The mortality at each stage in
the Carmichael et al. study was also higher in L. poly-
phemus (58, 80, 27, 63, 67, and 36% at the 1st, 2nd,
3rd, 4th, 5th and 7th instar stage, respectively) than in
the Tachypleus tridentatus examined in our study. A
lower mortality was also obtained for laboratory-
hatched and -cultured Carcinoscorpius rotundicauda
and T. gigas for which the mortality after 1 yr was 39.9
and 34.5%, respectively, with the abundant instar
stages being the 6th instar and 5th instar, respectively
(Zadeh et al. 2009). According to Carmichael et al.
(2003), mortality beyond the 8th instar stage was rare,
which is consistent with our study in which zero mor-
tality was obtained for both the 8th and 9th instars. The
elevated survival rate under laboratory conditions at
the early developmental stages observed in the pre-
sent study can be significant for the conservation of
this species, as a large number of juveniles can be
obtained from a small number of adult horseshoe crabs
for a restocking program, especially important in areas
where adult horseshoe crabs are endangered.

Developmental stages

In the present study, large variations in hatching
times were noted. Similar observations were reported
by Zadeh et al. (2009), in which some laboratory-
cultured Tachypleus gigas and Carcinoscorpius rotundi-
cauda larvae survived the 1st instar stage but did not
molt for 170 d. Such delayed molting is also evident in

wild Limulus polyphemus populations where larvae
emerged from the sandy nests without having molted
during winter (Botton et al. 1992). In the present breed-
ing experiment all full siblings were cultured together.
Our results were obtained from only one pair of adult
T. tridentatus, and presumably there was little generic
variation among them. Mishra (2009) postulated that
the variability in hatching time might be associated
with a molting protein in horseshoe crabs. A lower pro-
tein level would delay subsequent molting events,
leading to slow-developing outliers. It is likely that
the molting protein in question is the molting hormone
20-hydroxecdysone (Shuster & Sekiguchi 2003). How-
ever, further studies are required to elucidate the
involvement of such a protein and other physiological
events related to molting changes in horseshoe crab
development.

Growth

There are very few records of consecutive data on
the stepwise growth of horseshoe crabs, due to the
difficulties in raising them from eggs to adults in the
laboratory (Sekiguchi et al. 1988, Chatterji 1994, Shuster
& Sekiguchi 2003). A comparison of the prosomal width
of different instars is shown in Table 2. Sizes of instars
obtained from field and laboratory studies by Chen et al.
(2004) were similar to ours, but those obtained in a labo-
ratory study by Sekiguchi (1988) were smaller.

Unusually fast growth was recorded in the present
study. In contrast to general growth events with 6 ec-
dyses in the first 3 yr after hatching (Rudloe 1981,
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Fig. 3. Tachypleus tridentatus. Estimations of the stepwise growth of horseshoe crabs in (a) prosomal width (circles)  and wet weight
(triangles), and (b) age. d, m: data recorded from the present study; s, n: data from estimations (see section ‘Growth estimations’ for 

definitions of variables)
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Shuster 1982, Mikkelsen 1988, Sekiguchi et al. 1988,
Carmichael et al. 2003) and 1 ecdysis once a year
thereafter until maturation (Shuster 1954, 1958, 1982,
Mikkelsen 1988, Sekiguchi 1988, Chatterji 1994), juve-
nile Tachypleus tridentatus in our study experienced
6 ecdyses within a year (including approximately 2 mo
before hatching), and 2 more ecdyses in the following
4 mo. Such fast growth can be attributed to laboratory
rearing with high water temperatures and an adequate
food supply. 

Chiu & Morton (2004) reported the seasonal pattern
of feeding behaviour of juvenile horseshoe crabs at an
intertidal zone in Hong Kong. The highest number of
feeding trails was recorded in summer, while only a
few juveniles were seen in winter, when the tempera-
ture can be <10°C, implying that horseshoe crabs
barely eat at low temperatures in the field. In contrast,
laboratory-cultured juveniles in our study were main-
tained at 28 to 30°C and fed every day. A slower
growth in horseshoe crab juveniles at lower tempera-
tures has also been reported in previous studies (Shus-
ter 1982, Yeh 1999), which showed that ecdysis contin-
ued when the temperature remained at >28°C but
halted at <22°C. Low temperatures reduce molting
hormone levels to a critical level in Limulus polyphe-
mus and hence suspend the ecdysis at temperatures
<20°C (Jegla & Costlow 1982).

Chen et al. (2004) suggested that 28 to 31°C is the
most suitable temperature for incubating eggs and
rearing juveniles. The present study showed that the
growth of Tachypleus tridentatus could proceed
throughout the year, provided that the seawater tem-
perature was optimal (28 to 30°C). A much slower
growth for T. tridentatus, however, was obtained by
Sekiguchi et al. (1988). In the first year of rearing, the
juvenile T. tridentatus remained as 1st instars when
reared at room temperature but developed into 2nd
instars when reared at 30°C. Altogether 5 ecdyses (i.e.

the 6th instar stage) were obtained in the first 3 yr;
thereafter, there was 1 ecdysis once a year until the
crabs reached the 10th instar stage in the seventh year.
Such differences might be attributed to differences in
rearing conditions, such as living space and water qual-
ity. Juveniles in the present study were maintained in a
container (200 × 100 × 25 cm) much greater in size than
those used in the study of Sekiguchi et al. (1988), in
which the size of containers varied from 3.4 × 3.4 × 3 cm
to 36 × 25.5 × 10 cm, depending on the size of the juve-
niles. In addition, aerated seawater was used in the pre-
sent study and the water was re-circulated. In contrast,
no circulation or aeration was provided in Sekiguchi
at al.’s (1988) study and seawater was changed daily.
Nevertheless, under the same rearing conditions as
were used for T. tridentatus, a much faster growth was
recorded for juvenile Limulus polyphemus (Sekiguchi
et al. 1988) with 5, 3, 2 and 1 ecdyses in the first, second,
third and fourth year, respectively.

Based on the data collected on the stepwise growth
of the first 9 instar stages of Tachypleus tridentatus, the
present study revealed isometrical growth (b ≈ 1)
between prosomal width and other growth parameters
including eye distance, opisthosoma width, prosomal
length and opisthosoma length (except for the zero
growth of opisthosoma length between the 1st and 2nd
instar). Rapid elongation of the telson was observed at
the initial growth phase (b > 1 before the 4th instar
stage) but became isometric at later growth phases (b ≈
1 after the 4th instar stage). Therefore, with the excep-
tion of the telson, the shape of horseshoe crab at differ-
ent developmental stages is similar. This is consistent
with the results obtained by Sekiguchi et al. (1988) on
T. tridentatus and Limulus polyphemus. An increase in
the wet weight with the prosomal width was isometric
(b ≈ 3) in the present study. A similar growth pattern of
wet weight (b = 2.9682) was obtained by Lee & Morton
(2005) based on 6 consecutive instars of juvenile T. tri-
dentatus which varied between 20 and 100 mm in pro-
somal width.

Based on the allometric growth patterns identified in
the present study, Tachypleus tridentatus could develop
into the 14th and 15th instar in 4 yr, with a correspond-
ing prosomal width of 29.1 and 38.9 cm and a wet
weight of 1.4 and 3.3 kg, respectively. Such predicted
growth information is consistent with data obtained by
Chiu & Morton (2003) from a wild T. tridentatus popu-
lation in Hong Kong.

Developmental deformities

Deformities observed in juvenile horseshoe crabs in
the present study may not be attributed to any genetic
mutation or genetic diseases, since all the symptoms
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Year Instar Age Prosoma Wet weight 
stage (mo) width (cm) (g)

1 I–VII a 11.2 3.8 3.8
2 VIII–IX a 15.5 6.6 19.3

X b 18.9 9.1 48.5
XI b 22.6 12.2 113

3 XII b 27.0 16.3 262
XIII b 32.3 21.8 608

4 XIV b 38.6 29.1 1413
XV b 46.2 38.9 3283

aData recorded from the present study
bData estimated from stepwise growth equations obtained
in Fig. 3

Table 2. Tachypleus tridentatus. Estimation of the stepwise 
growth of the horseshoe crabs
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were observed only in elder juveniles beyond the 5th
instar stage. Suboptimal rearing conditions including a
very restricted diet and small rearing space may be
possible contributing factors. Juvenile horseshoe crabs
in the wild are benthic feeders and subsist mainly on
polychaetes, oligochaetes, crustaceans, bivalves and
gastropods (Carmichael et al. 2004, Zhou & Morton
2004). The restricted diet provided for the laboratory-
cultured juveniles included only shrimp and clam
meat, which might not provide a balanced diet for the
rapid growth of the juveniles. Using carbon and nitro-
gen stable isotopes as tracers, juveniles were found to
use a diet of mixed composition, which changed with
horseshoe crab size, and contained potentially high
concentrations of particulate organic matter (Car-
michael et al. 2009). In some cases, a spiral or shorter
telson was found and possibly attributed to the rect-
angular shape of the culturing tank. Some individuals
stayed in the corner of the tank when they tried to shed
their exuvias during ecdysis. Their telsons, therefore,
could not be straightened but became spiral or even
broken. It has been suggested that limited space, han-
dling practices or insufficient water flow can encumber
molting or increase exposure to and infection by bacte-
ria or other parasites (Smith & Berkson 2005). Further
investigations are needed to determine the optimal
diet and space requirements for growth.

Culture for captive release

Horseshoe crabs are valued for ecological, economic
and educational purposes. The rapid decline in horse-
shoe crab populations around the world and especially
in Asia, however, is evident and becoming a growing
concern. A successful restocking program to enhance
natural populations relies heavily on an adequate sup-
ply of juveniles for release. Several captive release or
induced spawning programs have been reported in
China (Hong et al. 2009), Japan (see overview by Tsu-
chiya 2009) and Taiwan (Chen et al. 2009) for Tachy-
pleus tridentatus and in the USA for Limulus polyphe-
mus (e.g. Cuomo 2009, Schreibman & Zarnoch 2009,
Tzafrir-Prag et al. 2009). Of these programs, the cap-
tive release effort at the Kasaoka Municipal Horseshoe
Crab Museum, Japan, has a long history (Tsuchiya
2009). Juveniles T. tridentatus were reared in tanks
with mud and water, and the water was exchanged
either once every 20 d or once a month. The crabs were
fed brine shrimp, TetraMin, chopped clams and worms
over their growth period. It was reported that a
hatched juvenile developed into an adult in its 11th
year (Tsuchiya 2009). Hong et al. (2009) also showed
that juveniles grow and survive better in the presence
of sand as compared to mud in the seawater tanks, and

Cuomo (2009) and Tzafrir-Prag et al. (2009) demon-
strated that food quality, type and digestibility have a
strong effect on post-hatch molts in laboratory culture.
The present study has demonstrated a much enhanced
growth of T. tridentatus in laboratory culture, possibly
due to high seawater temperatures, a large culture
space and constant water flow. The results may serve
as a basis for the large-scale culture of the species for
restocking and restoration of natural populations.
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