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Abstract

The results of the study on the suitable algal feed for
the mass rearing of holothurian larvae through
hatchery system are presented. Auricularia larvae,
after 48 h of fertilization, obtained from induced
spawning of Holothuria spinifera, were fed with differ-
ent algae Isochrysis galbana, Nanochloropsis salina, Pav-
lova lutheri, Tetraselmis chuii and Chaetoceros calcitrans
as well as L galbana+C. calcitrans to ascertain the ef-

fect of single and combined microalgal diet. The rate .

of feeding was 2 x 10* cells larvae*day ™ for a period
of 9-12 days. The growth rate of 59 umday ~! with
90% and 43 pmday ~ ! with 100% occurrence of late
auricularia in the larvae fed with C. calcitrans alone
and L galbana+C. calcitrans, respectively, indicated
that C.calcitrans itself or in combination with I. galbana
is the effective feed for the larvae of H. spinifera.

Keywords: Holothuria spinifera, Auricularia, Iso-
chrysis galbana, Chaetoceros calcitrans

Introduction

As in many countries of Indo-Pacific areas, dried
holothurians are an important export commodity
in India also. Because of increasing demand and in-
adequate fishery management, the sea cucumber
resources are overexploited; hence, the Ministry of
Environment, Government of India, has banned both
fishery and export of ‘beche-de-mer’ from India since
2001. The release of hatchery-produced juveniles into
their natural habitat is being considered as a suitable
method to enhance the wild stock for sustainable

yield (Munro & Bell 1997; Yanagisawa 1998; Batta-. -

glene & Bell 1999).

In India, the ‘beche-de-mer’ industry mainly de-
pends on Holothuria scabra and Holothuria spinifera
(Chellaram, Samuel & Patterson Edward 2003). James
and Badrudeen (1997) estimated an annual landing
of 460 t of fresh H. spinifera along the south-east coast
of India. Considering the role of H. spinifera in the
commercial fishery and indiscriminate exploitation,
hatchery production of juveniles and subsequent
reseeding to natural habitat are the alternatives for
natural as well as in-captive stock enhancement.

The success of large-scale seed production of sea
cucumber through hatchery techniques mainly de-
pends on suitable larval feed. Generally, nanoflagel-
lates of Chryophyceae or Haptophyceae either singly
or in combination are provided for the larvae of sea
cucumbers (James, Gandhi, Palaniswamy & Rodrigo
1994). Chen and Chian (1990), James, Rajapandian.
Gopinathan and Baskar (1994) and Morgan (2001)
reared the larvae of H. scabra and Actinopyga echinites
with a higher survival and growth rate by providing
Isochrysis galbana as feed. Ito and Kitamura (1997)
reared the larvae of Stichopus japonicus with Chaeto-
ceros calcitrans. James, Rajapandian et al. (1994) and
Battaglene (1999) reported that mixed algae domi-
nated by C. calcitrans enhanced the larval growth of
H. scabra.

Although the larvae of H. spinifera were reared
successfully by providing a mixture of I galbana,
C. calcitrans and Nanochloropsis salina by Asha
and Muthiah (2002), the suitability of other single
and combined algal feed was not tested. The present
work was initiated to assess the suitability of vari-
ous microalgal feed either single or combined. for
the 'mass rearing of H. spinifera through a hatchery
system.

i 2006 The Authors. Journal Compilation € 2005 Blackweli Publishing Ltd 13



Effects of microalgae on H. spiniferaTheel P S Asha & P Muthiah

Aguaculture Research, 2006, 37, 113-118

Materials and methods

The 48-h old auricularia larvae, obtained from the
induced spawning of H. spinifera, were reared in tri-
plicate at 0.5mL ™7 in 3L plastic aquarium bowls
containing sand-filtered sea water of 34.8-355 gL. =}
salinity and a temperature of 28-30 “C for both single
as well as combined feed experiment. Sea water was
completely changed on alternate days and only half
the quantity was changed on other days. When a
complete water change was made. the larvae were re-
tained in a 40 pm sieve and transferred to a 3 L glass
beaker. After thorough mixing, a 1mL subsample
was taken in a counting chamber to estimate the sur-
vival rate. The growth rate was calculated by measur-
ing the length of 30 larvae representing 10 in each
aquarium for each treatment, using a microscope
fitted with a micrometer. The maintenance and mass
culture of the algae were carried out following the
serial dilution technique (Gopinathan, 1982). The ex-
periment was conducted till the auricularia larvae
metamorphosed into a nonfeeding doliolaria stage.

The experiment on the single algal diet was condu- -

cted for 9 days. The initial size of the larvae was 362 +
44 pm. The different algae provided were I. galbana. C.
calcitrans. N. salina, Pavlova lutheri and Tetraselmis chuii.
The concentration of feed given was 2 x 10%cells
mL™" as suggested by Morgan (2001) and Asha
(2004). The larvae were fed daily and the feed was pro-
vided as a single dose. The length of the larvae was
measured on the third, fifth, seventh and ninth day.

For the combined feed experiment conducted in
triplicate for 12 days, the larvae were provided with
I. galbana and C. calcitrans in equal concentrations.
For comparison, one set of larvae were reared with L
galbana alone and another with C. calcitrans alone at
a feed concentration of 2 x 10% cells mL ~ . The initi-
al length of the larvae was 474 4+ 7.8 um. The larval
length measurements were taken on the sixth, 10th
and 12th day.

From the initial values, the mean differences in the
size and number of 9-day-old larvae for the single

“(mean

algal diet experiment and 12-day-old larvae for

“the combined diet experiment were considered for

each treatment in the one-way analysis of variance
{anxova). The differences between treatments were
tested for significance by multiple comparisons using
the spss 75 program.

Results and discussion
Single algal feed

On days 3 and 3, the larvae fed with 1. galbana
showed the maximum growth rate of 2324 and
97.7 umday "%, followed by 2109 and 66.4 ym day ~*
by those fed with C. calcitrans and 2039 and
60.5 umday ~! by those fed with N. salina respec-
tively (Table 1). The growth rate of the larvae fed
with T chuii gradually reduced from 1427 to
43.3 pmday ~!on day 5 and to 199 pm day ~! on day
7.0nday 9, the larvae reared with C. calcitrans regis-
tered the maximum growth rate of 593 pmday ~!
length:. 836um) followed by 390um
day ~! (673.7 pm) with I galbana and 27.6 pmday ~ '
(363 um) with P. Iutheri. On day 9, the growth rate
was nil in the larvae reared with N. salina and T, chuii
(Table 1) and the mean larval lengths were 355 and
289 um respectively. The one-way ANova on the differ-
ences in the mean growth rate of larvae fed with
different single algal diet indicated statistical
significance (P < 0.001) (Table 2). In the multiple com-
parisons, except for the differences between L. galba-
na-fed larvae and N. salina-fed larvae and also N.
salina-fed and T. chuii-fed larvae, all other values were
significant (P < 0.001) (Table 2).

On day 9, 90% of the larvae fed with C. calcitrans
and 43% fed with L galbana reached the late auricu-
laria stage with a lipid sphere, whereas 90% of the
larvae fed with P. lutheri reached only up to the mid-
stage and became deformed later. Such deformities
were noticed on the fifth day with T. chuii and on the
eighth day with the N. salina feed (Fig. 1).

Table 1 Mean ( + SE. n = 30) growth rate (um day ~ ") of the auricularia of Holothuria spinifera fed with single microalgae

Days I galbana C. calcitrans P, lutheri N. salina T chuii

3 232.4 = 4.6 210.9 £ 5.1 175.9 £ 22.9 203.9 + 29.1 142.7 + 491
5 977+ 75 66.4 + 6.9 57.1 +12.8 60.5 £ 10.4 433 + 6.1

7 59.2 + 11.1 66.1 + 3.6 325+ 1.6 314 = 114 19.9 = 1.9

9 39.0 + 8.3 59.3 = 8.8 276+ 53 Nit Nit

L galbana, Isochrysis galbana; C. calcitrans, Chaetoceros calcitrans: N. salina, Nanochloropsis salina; P. lutheri, Paviova lutheri; T. chuii,

Tetraselmis chui.
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Table 2 anova table on growth rate of Holothuria spinifera
larvae on day 9 fed with single microalgae, with results of
the LSD post hoc multiple comparisons test

Treatments Sum of Mean

value squares D.. square F ratio P

Between groups  7513.991 4 1878498 15757 <0.001

Within groups 1192173 10 119.217
Totat LSD 8706.164 14
N. salina P lutheri T.chuii C. calcitrans
I. galbana  <0.05 >0.05 <0.05 <0.05
N. salina ~<0.05 >0.05 <0.001
P. lutheri <005 '<0.05
T. chuii <0.001

L. galbana, Isochrysis galbana; C. calcitrans, Chaetoceros calcitrans:
N. salina, Nanochloropsis saling; P. lutheri, Pavlova lutheri; T. chuii,
Tetraselmis chui, aNova. analysis of variance; LSD, least signifi-
cant difference.
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Figure 1 Percentage of early-, mid- and late-stage auri-
cularia of Holothuria spinifera fed with single microalgae
on day 9.

On day 9, the larvae fed with I. galbana showed
the highest survival percentage of 67.8%, followed
by 644% for C. calcitrans, 444% for N. salina
and 34.3% for P, lutheri (Table 3). The survival of the
larvae fed with T chuii drasticaily decreased from
83.0% to 33.3% on the fifth day and further to
9.1% on day 9, which is the lowest (Table 3). The
ANova on differences between the mean survival rate
of larvae fed with different single microalgae indi-
cated significance (P<0.001), and in the multiple
comparison test, the differences in the survival
rate of L. galbana-and C. calcitrans-fed larvae to the
T chuii, P. lutheri and N. salina were highly
significant (P <0.001) (Table 4).

From the one-way ANova and the multiple compar-
isons of I galbana, C. calcitrans alone-fed larvae. it
was noticed that there was no significant difference
in the survival rate, whereas the differences in the
growth rate between them were highly significant
(P < 0.05). Moreover, occurrence of 90% of late auri-
cularia in C. calcitrans-fed larvae indicated C. calci-
trans as the most suitable single algal diet for the
larvae of H. spinifera. Similarly. Ito and Kitamura
(1997) and Battaglene (1999) found C. gracilis and
C. mulleri to be the best larval feed for S. japonicus
and H. scabra respectively.

Combined feed experiment

On days 6 and 10, the larvae fed with a combined feed
registered the maximum growth rate followed by C.
calcitrans and L galbana. On day 12. the larvae fed
with a combined feed registered the highest growth
rate of 425 umday ~! (mean length: 942 pm). fol-
lowed by 37.0 pmday ! (882 um) with C. calcitrans
and 32.6 pmday ~' (832 um) with I galbana (Table
5). And the differences in the growth rates were
highly significant (P <0.001) (Table 6).

In the larval development. 40% of the larvae fed
with I galbana, 85% with C. calcitrans and 100% with
combined feed attained the late auricularia stage on
day 12 (Fig. 2).

On day 6, the larvae fed with L galbana registered
the maximum survival percentage of 92.6%. followed
by 88.9% with combined feed and 71.1 pm with C. cal-
citrans (Table 7). On day 12. the larvae fed with a com-
bined feed of I. galbaiia+ C. calcitrans registered the
highest survival of 72.6% followed by 67.8% with I
galbana and 31.3% with C. calcitrans (Table 7).

In the combined algal diet experiment, treatment
of anova showed that the differences in the mean
growth and survival rates of larvae were highly sig-
nificant (P <0.05) (Table 6 and 8). In the multiple
comparisons, all differences in the mean survival
and growth rates of the larvae were found highly sig-
nificant (P< 0.01) except for the differences in the
mean survival rate between the larvae fed with I. gal-
bana and L galbana+C. calcitrans (Table 6 and 8).

The 100% survival of late auricularia with a
425 ymday ' growth rate and a 72.6% survival rate
in the I galbana+C. calcitrans-fed larvae than either
of the single algal diets indicated combined algal feed
as being effective for the larvae of H. spinifera. Simi-
larly. Shuxu and Gongchao (1981) reported that lar-
vae of 8. japonicus fed with a mixture of Dicrateria.

€ 2006 The Authors. journal Compilation € 2005 Blackwell Publishing Ltd, Aquaculture Research, 37, 113118 115
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Table 3 Mean ( + SE. n = 30) survival percentage of the auricularia of Holothuria spinifera fed with single microalgae

Days I galbana C. calcitrans N. salina P. lutheri T. chuii

3 874 £ 73 927 £ 5.1 79.6 = 1.4 855 £ 2.2 830<£6

5 833+ 7.1 849+ 73 745 <15 67.0 + 8.1 33.5 + 10.7
7 739+ 86 789 = 5.1 65.1 £ 25 50.1 + 6.8 17.3 £ 8.1
9 67.8 £ 3.6 64.4 + 7.2 44,4 - 6.8 343+ 76 9.1 £ 6.2

L galbana, Isochrysis galbana: C. calcitrans. Chaetoceros caleitrans: N. salina. Nanochloropsis salina: P. Iutheri. Pavlova lutheri; T. chuii,

Tetraselmis chui.

Table 4 anova table on numbers of Holothuria spinifera
larvae surviving on day 9 fed with single microalgae with
results of LSD post hoe multiple comparisons test

Table 6 anova table on growth rate of Holothuria spinifera
larvae on day 12 fed with combined microalgae with results
of LSD post hoe multiple comparisons test

Treatments Sum of Mean F Treatments Sum of Mean F
value squares D.f. square ratio P value squares D.. square ratio P
Between groups 6526.824 4  1631.706 21.278 "<0.001 Between g;ou'ps' "149.866 2 74933 60.780 <0.00%
Within groups 766.940 10 76.694 Within groups 7.397 6 1.233
Total LSD 7293.764 14 Total LSD 157.263 8
N. salina P lutheri T chuii C. calcitrans C. calcitrans L galbana-+ C. calcitrans
I. galbana  <0.05 <0.001 <0.001 >0.05 1. galbana <0.05 <0.001
N. salina >0.05 <0.001 <0.05 C. calcitrans <0.001
P. lutheri <0.05 <0.05
T. chuii <0.001 L galbana, Isochrysis galbana; C. calcitrans. Chaetoceros calcitrans,

L galbana. Isochrysis galbana: C. calcitrans, Chaetoceros calcitrans;
N. salina. Nanochloropsis salina: P, lutheri, Pavlova lutheri; T. chuii,
Tetraselmis chui, anova, analysis of variance; LSD, least signifi-
cant difference.

Table 5 Mean ( = SE, n=30) growth rate (umday Y
of the auricularia larvae of Holothuria spinifera fed with
combined microalgae

I galbana +
Days 1. galbana C. calcitrans C. calcitrans
6 535 £ 0.9 543+ 4 63.9+28
10 375+ 38 41803 475+ 0.2
12 32.6 + 0.8 37.0 + 0.8 425 + 0.7

1. galbana, Isochrysis galbdia; C. calcitrans, Chaetoceros. calcitrans.

Platymonas. Nitzschia. Dunaliella and Torulopsis
showed better survival and growth rate than those
fed with Dicrateria shanjiangensis. James, Gandhi
et al. (1994) and Ramofafia, Gervis and Bell (1995)
also reported combined microalgae as the suitable
feed for the larvae of H. scabra and H. atra respec-
tively. Battaglene (1999) also observed that the mix-
ture of Rhodomonas salina and C. mulleri is more
effective for feeding the larvae of H. scabra than either
of the microalgae alone.

ANOVA. analysis of variance; LSD, least significant difference.
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Figure 2 Percentage of mid- and late-stage auricularia
of Holothuria spinifera fed with combined microalgae on
day12.

The development of seed production techniques
through a hatchery system has generated significant
interest in recent years as the alternate way for carry-
ing out the stock enhancement program for the

116 ) 2006 The Authors. Journal Compilation © 2005 Blackwell Publishing Ltd, Aquaculture Research. 37, 113~118
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