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Effects of Three Microalgae, Tetraselmis
suecica, Chaetoceros calcitrans, and
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ABSTRACT

The trumpet shell Charonia sauliae is an endangered and valuable species with potential for aquaculture. For
artificial propagation of C. sauliae, the effects of three different food microalgae on the development, growth, and
survival rate of the larvae and spat were investigated. For the larval feeding experiments, we utilized six
microalgae species as food sources, namely Pavlova lutheri, Tetraseimis suecica, Nannochloris oculata, Isochrysis
galbana, Chaetoceros calcitrans, and Phaeodactylum tricornutum; for the larval and spat growth and survival
experiments, we utilized T. suecica, C. calcifrans, and P tricornutum. The results showed that the temporal
digestion index (TDI) for the veliger larvae was significantly different for C. saulige fed the different microalgae
species (p < 0.05), that the 7. suecica, C. calcitrans, and P. tricornutum cultivars were better suited for larval
consumption (p < 0.05), and that the growth and survival of the larvae and spat were significantly influenced by
food type, specifically P. tricornutum (p < 0.05). Further research is needed to evaluate the effects of other

microalgae species, different aigal concentrations, and biochemical composition on the growth and survival of C.
sauliae.
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issue required for maintaining healthy animals and

INTRODUCTION

achieving enhanced aquaculture production. Diet

influences many aspects of marine organism

The trumpet shell, Charonia saulice is an endangered
and valuable species, mainly distributed in the tropical
and semi-tropical areas of the Atlantic, Indian, and
Pacific Oceans. The trumpet shell is an important

metabolism, such as gonadal development in females,
performance of the produced seed (Santiago et al.,
1983; Gunasekera et al., 1997), activity of digestive

species contributing to research of marine toxins
(Narita et al., 1981; Noguchi et al., 2006). Because its
food preference is starfish, a predatory species that
threatens

animals, trumpet shell propagation may provide a

many economically important aquatic

means of biological control of starfish populations
(Kang and Kim, 2004).
Establishing an adequate feeding regime is a key
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enzymes (Garcia-Esquivel and Felbeck, 2006), and
tissue composition (Durazo-Beltran ef al., 2003).

In this study, we investigated the effects of
different food organisms on the growth of the
trumpet shell, C. saulice. Growth rate is a principle
biological criterion that must be considered for
propagating a new aquaculture species (Webber and
Riordan, 1976; Le Francois ef al., 2002). Additionally,
previous studies have shown that diet significantly
affects the growth rate of marine gastropods
(Narvarte and Pasecual, 2003; Najmudeen and Victor,
2004; Woodcock and Benkendorff, 2008).

To succeed in culturing C. saulicge, we must
determine the optimum food type for this organism
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during its larval and spat stages, as related reports on
this topic are rare. Thus, ours is the first study to
investigate the effect of food type on the growth and
survival rates of C. saulice larvae and spat, the
results of which will contribute directly to the
artificial propagation of C. saulice.

MATERIALS AND METHODS

1. Determination of temporal digestion index
(TDI)

Experiments on the feeding behavior of C. sauliae
larvae were conducted according to the methods of
Aldana-Aranda et al. (1997). Hatched C. sauliae
veliger larvae were cultured for 2 h with one of six
food microalgae (Paviova lutheri, Tetraselmis suecica,
Nannochloris oculata, Isochrysis galbana, Chaetoceros
calcitrans, and Phaeodactylum tricornutum). After the
culture time had lapsed, the larvae were washed and
transferred to clean containers filled with filtered
seawater, where the digestion of algal cells was
observed within the stomach using an epifluorescence
microscope once every hour. Variations in
fluorescence intensity observed among the algal cells
within the larval gut were classified arbitrarily into
four nutritional stages, the qualitative characteristics
of which are summarized in Table 1. We used the
TDI (Aldana-Aranda et al., 1991) to study the feeding
behavior of C. saulice larvae.

The TDI was calculated according to the following
equation:

T =(ny +n3)/ng

where ny is the number of larvae at stage 2, nj is
the number of larvae at stage 3, and ny is the number
of total larvae observed in the experiments.

2. Culture of larvae and spat

To determine the influence of the six different algal
food types on C. sauliae larvae and spat growth, we
cultured veliger-stage larvae at the same
temperatures and salinities, altering only the algal
food type. The temperature and salinity regime of this
experiment is illustrated in Figure 1. Three food
treatments (T. suecica, C. calcitrans, and P.
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Fig. 1. Water temperature and salinity regime used in these
experiments.

tricornutum) were used in this study. Algae used in
this experiment were reared in the laboratory in F/2
medium (insert manufacturer, location). Before
feeding them to the larvae and spats, the algal cells
were separated from their culture medium by
centrifugation (3000 rpm for 5 min). In each food
treatment, the algal concentration was maintained at
approximately 1 x 10° cells ml' between water
changes. Samples from each temperature treatment
were obtained every 10 days to determine body size
and survival rate. After measurements of the larvae
and spat were determined, we re-cultivated the
specimens in their cups or in tanks. The specific
growth rates were calculated according to the
following equation by Hopkins (1992):

In(L /L)
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Fig. 4. Growth of trumpet shell Charonia sauliae larvae and
spat fed with different food microalgae species
(Tetraselmis suecica, Chaetoceros calcitrans, and
Phaeodactylum tricornutum).

where L; and L; are the final and initial length
(mm) of the larvae, and t is the time.

3. Statistical analysis

Data obtained from the different treatment groups
were subjected to one-way analysis of variance
(ANOVA); Tukey’s HSD test was used to determine
which treatments were significantly different. P <
0.05 indicated statistical significance. Statistics were
performed using the statistical software SPSS for
Windows (SPSS Inc., Chicago, IL).

RESULTS

The growth stages observed in this experiment are
illustrated in Figure 2. The TDI values of the
trumpet shell veliger larvae fed with different food
organisms are presented in Figure 3. TDIs were
recorded at 4 h, with values of 0.13, 0.42, 0.07, 0.33,
0.53, and 0.55 for trumpet shell larvae fed with P.
lutheri, T. I. galbana, C.
calcitrans, and P. tricornutum, respectively. At 4 h,
the TDI was higher than 0.4 for larvae fed with 7.
suecica, C. calcitrans, and P. tricornutum. After 8 h,
the highest TDI recorded was 0.65 for the larvae fed

with P. {ricornutum, whereas larvae fed with the

suecice, N. oculata,
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Fig. 2. Developmental stages of the trumpet shell Charoiﬁa
sauliae: (a) trochophore; (b) veliger; (c) postlarvae; {dh)
spat. Scare bar; 100 ym,
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Fig. 3. Temporal digestion index (TD1) values for the trumpet
shell Charonia sauliae fed with different food microalgae
species  {Paviova lutheri,  Telraselmis  suecica,
Nannochloris oculata, Isochrysis galbana, Chaetoceros
calcitrans, and Phaeodactylum tricornutum).

other microalgae showed TDIs between 0.14 and 0.51.
The growth curve of trumpet shell larvae and spat
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is presented in Figure 4. The growth of the larvae and
spat was significantly influenced by food type (p <
0.05).
tricornutum displayed markedly higher growth rates

In general, larvae and spat fed with P.
than larvae fed with 7. suecica or C. calcitrans.

The specific growth rate of trumpet shell is
presented in Figure 5, and was significantly
influenced by food type (p < 0.05). The specific
growth rate of trumpet shell fed with P. éricornutum
was significantly higher than that in individuals fed
with T. suecica or C. calcitrans (p < 0.05).

The final survival rate that we calculated for
trumpet shell spat is shown in Figure 6, and was
significantly influenced by food type (p < 0.05). The
survival rates of the trumpet shell spat fed with T.
suecica (55.2 + 2.3%) and P. tricornutum (53.1 = 2.1%)
were significantly higher than that of trumpet shells
fed with C. calcitrans (83.1 = 25%; p < 0.05).
However, no significant difference was observed
between the survival rates of spat fed with T. suecica

or P. tricornutum (p > 0.05).

DISCUSSION

Aldana-Aranda et al. (1997) demonstrated that the
epifluorescence microscope is a useful tool for
studying differences in larval feeding behavior. In the
present study, we demonstrate that this method is
also useful for evaluating the digestibility of P.
lutheri, T.

calcitrans, and P. tricornutum in C. sauliae veliger

suecica, N. oculata, I. galbana, C.
larvae. The use of an epifluorescence microscope
permitted not only the observation of the digestive
process, but also a quantitative estimation of the food
particles digested. Our results showed that larvae fed
with P. tricornutum, C. calcitrans, and T. suecica
displayed higher TDI scores, whereas those fed with
N. oculata exhibited the slowest digestion processes.

P. tricornutum, C. calcitrans, and T. suecica proved to
be better food sources for C. sauliae veliger larvae, so
these species were investigated further as potential
food sources for both larvae and spat and their
suitability for C. saulice culture. Notably, C. sauliae
larvae and spat fed with P. tricornutum showed
higher growth rates than those fed with C. calcitrans
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Fig. 5. Specific growth rates of trumpet shell Charonia
sauliae fed with different food microalgae species
(Tetraselmis suecica, Chaetoceros calcitrans, and
Phaeodactylum tricornutum). Data and groups with
different letters indicate statistical significance (p < 0.05).
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Fig. 6. Survival rates of trumpet shell Charonia sauliae fed

with different food microalgae species (Tetraselmis
suecica, Chaetoceros calcitrans, and Phaeodactylum
tricornutum). Data and groups with different letters
indicate statistical significance (p < 0.05).

or T. suecica.

However, it must be noted that there are other
microalgae or microalgal mixtures that have not been
tested with C. sauliae larvae and spat. Bayne (1983),
Webb and Chu (1983), and Lucas (1990) reported that
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the nutritive value of algal diets as a food source for
molluscan larvae is a function of several factors, such
as cell size and shape, algal concentration, size of the
ingesting larvae, algal cell digestibility, and the
balance among the nutrient contents Aldana-Aranda
et al. (1997) indicated that differences in biochemical
composition (i.e., lipids, fatty acids, proteins, and
carbohydrates) among algae species, and even among
the different growth phases of the algae, may lead to
observable differences in the growth and development
of different algae species (Fabregas et al., 1985;
Pillsbury, 1985; Fernandez-Reiriz et al., 1989;
Delaunay et al., 1993). In addition, the nutritional
requirements of the aquacultured larvae must be
considered (Pechenick and Fisher, 1979). Further
research must be conducted to evaluate the effect of
the  different  algal different  cell

concentrations, and biochemical composition on the

species,

growth and survival rate of C. saulice.
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