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ABSTRACT

The growth of the dinoflagellate, Scrippsiella sp. from Narragansett Bay, USA and the
chain-forming benthic diatom, Melosira cf. moniliformis from Kendari Bay, Indonesia
was evaluated under optimized laboratory conditions to investigate potential new
candidates for shrimp aquaculture hatchery feeds. Isolation of microalgae was
performed using capillary pipets in f/8-Si for Scrippsiella sp. and f/2 for M. cf.
moniliformis. Isolated cells were placed in an incubator with a photoperiod of 12:12
hour (light :dark cycle), at light intensities of 62-89 µmol photons.m-2.s and at
temperature of 20oC. Microalgae cells were cultured in 150-mL Erlenmeyer flasks
containing 100 mL of f/2-Si medium for Scrippsiella spin triplicates and in 50-mL
culture tubes containing 20 mL of f/2 medium for M. cf. moniliformis in four replicates.
The cells in culture flasks were used in cell counting experiments while those in
tubes were for fluorometer trials. Growth evaluation was conducted every 2-3 days.
The diatom, M. cf. moniliformis was in logarithmic phase when observed at 2 to 7
days after inoculation and showed a high growth rate (µ = 0.52 day-1) and high division
rate (k = 0.76 day-1, 1 division every 1.3 days). Logarithmic phase of Scrippsiella in
culture flasks was started on day 7 to 30 (µ = 0.17 day-1 and k = 0.25 day-1 or 1 division
every 4 days). In culture tubes, Scrippsiella sp. reached logarithmic phase at day 21
to 47 (µ = 0.12 day-1 and k = 0.18 day-1, 1 division every 5.65 days). This study
indicates that M. cf. moniliformis can be used for aquaculture hatcheries feed but
further study for the nutrition composition is needed. Scrippsiella sp. is potentially
toxic for aquaculture at high densities, therefore they should be assessed carefully
if used for aquaculture feeds.
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INTRODUCTION

Microalgae have been grown worldwide for
several industrial purposes such as biofuel,
pharmaceuticals, and aquaculture. They can
be grown from starter cultures provided by
microalgae research centers or commercial
hatcheries such as The Commonwealth Scien-

tific and Industrial Research Organization
(CSIRO) in Australia (Martinez-Fernandez, 2007),
Milford Laboratory in United States (US) (Wikfors
& Ohno, 2001), The Culture Collection for Al-
gae and Protozoa (CCAP) in Scotland and Re-
search Centre for Oceanography, in Indone-
sia or alternatively, they can be isolated from
natural ecosystems. For most industrial appli-
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cations, microalgae are obtained directly from
commercial providers but for research, it can
be both. The choice whether to purchase or
to isolate microalgae species will depend on
the purpose of the studies. Most biofuel and
aquaculture studies are conducted using
starter cultures of known species (Avila-Villa
et al., 2011; Nurachman et al., 2012; Rohani-
Ghadikolai et al., 2012) but for other studies
with the purpose of finding new candidates
for industrial applications, isolating microalgae
from natural waters is more common, and ap-
propriate (Ponomarenko et al., 2009; Carboni
et al., 2012).

In aquaculture, microalgae production is
mainly intended as live feeds for mollusks,
shrimp, and fish culture (Wikfors & Ohno, 2001;
Martinez-Fernandez & Southgate, 2007; Kent
et al., 2011). Microalgae production for aqua-
culture is considered to be more sustainable
compared to other fish feed production
(Taelman et al., 2013). Based on life cycle
analysis on microalgae production for aqua-
culture, Taelman et al. (2013) identified recy-
cling of nutrients and savings on energy use
as important ways to increase the sustainability
of algae production. Upscaling, reactor design
improvements, enhancement of photosyn-
thetic yield and a good choice of location also
contributed to a low resource, and carbon foot-
print. To date, the use of microalgae in aqua-
culture hatcheries cannot be replaced fully
with other types of artificial feed, such as
microbound diets, and other enrichment diets
(e.g., Nutrokol, S. presso and Algamac) (Galardo
et al., 2002; Sanchez et al., 2012; Ma & Qin,
2012).

Local microalgae isolates from Southeast
(SE)-Sulawesi are not yet utilized despite their
potential to support aquaculture industries in
the region with comparable growth rate and
nutritional values from imported counterparts.
Currently, shrimp aquaculture in SE-Sulawesi
relies on the microalgae supply from South
Sulawesi and Java regions that impose high
operational costs to aquaculture farms and
hatcheries in the region. Importing microalgae
from other regions also increases greenhouse
gas (GHG) emissions due to transportation
(Edwards-Jones, 2010). To reduce both this cost
and GHG emissions, the use of locally-isolated,
cultured microalgae for local hatchery may be
considered. Local culture microalgae with
good growth and complete nutritional profiles
will help small holder farmers to increase the

productivity of their farms and thus their in-
comes and at the same time may decrease the
shrimp market price. Finally, small-scale and
local installations of microalgae culture are
promising solutions not only to overcome
these problems, but these will also provide
employment that can drive the economic
growth of SE-Sulawesi and Indonesia in gen-
eral.

The present study is investigating the
growth of local microalgae isolates from
Kendari Bay, SE-Sulawesi and from Narragansett
Bay, Rhode Island as a preliminary approach to
find good candidates of microalgae to be used
in shrimp aquaculture industries in SE-Sulawesi
and Indonesia in general.

MATERIALS AND METHODS

Microalgae Isolation
Microalgae samples were obtained from

Narragansett Bay, Rhode Island, US (41 34.2N,
71 23.4W) and Kendari Bay, SE-Sulawesi, Indo-
nesia (3o58’S, 122o35’E). Samples from
Narragansett Bay were used as a comparison
species. Samples from Kendari Bay were col-
lected using a 50 µm plankton net whereas
a 25 µm net was used for samples from
Narragansett Bay. Salinity and temperature of
each sampling location were also measured.

Isolation of microalgae was performed us-
ing capillary/micro pipets as described by
Andersen (2011). Pasteur pipets were heated
until they could be stretched to form thin cap-
illary pipets. Microalgae samples were obser-
ved under a dissecting microscope and desig-
nated cells for growth experiment were col-
lected using those pipets. The cells isolated
from Narragansett Bay were rinsed three times
in f/8 medium before being placed into
microtubes containing f/8 medium. Samples
from Kendari Bay were isolated in f/2 + Si as
they contain some chains of diatoms. The ad-
dition of Si in culture media is necessary for
the formation of bio silica cell wall of diatoms
(Kroger et al., 1999; Ponomorenko et al., 2004;
Sumper & Bunner, 2006; Schwenk et al., 2013).

Isolated cells were placed in an incubator
(Precision Scientific Serial 9504-004) with a
12:12 hour light:dark cycle, at light intensi-
ties of 62-89 µmol photons.m-2.s-1 and at a
temperature of 20oC. Successful isolates that
showed good growth with viable cells were
transferred to the starter culture tubes con-
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taining 8 mL of f/2 medium for diatom species.
The isolates were observed under microscope
and were identified using a microalgae identi-
fication book (Hasle et al., 1997). To determine
the health of the starter cultures, the culture
tubes were observed under microscope after
1 week and again after 2 weeks to promote the
growth. Healthy cultured cells were transferred
to larger culture tubes for growth trial experi-
ment. 4.2 mL of Scrippsiella sp. from the starter
culture were transferred into 250-mL erlen-
meyer flask containing 250 mL f/2-Si medium.
For M. cf. moniliformis, 5 mL of isolates were
transferred into 250 mL erlenmeyer flasks con-
taining 250 mL of f/2 medium. Those cells were
then transferred equally into 150 mL erlen-
meyer flasks containing 100 mL of medium in
triplicates and 50 mL culture tubes containing
20 mL of medium in four replicates. Flasks and
tubes for growth experiment were kept in in-
cubator under the same conditions as those
of the starter cultures. The cells in culture flasks
were used in cell counting experiments
whereas those in tubes were for fluorometer
trials.

Growth Experiment
Evaluation of growth in culture tubes from

each species was conducted using a fluorom-
eter (10-AU fluorometer, Turner Designs Sunny-
vale California, USA); the interval between read-
ings was 2-3 days. Sample cells from flasks
were collected on the same day as the fluo-
rometer reading for counting purposes. Cell
counting for Scrippsiella sp. was conducted in
triplicates using Sedgwick-Rafter, Palmer-
Maloney and Fuchs-Rosenthal slides, respec-
tively, following the increase number of cells.
Fluorometer measurements and slide counting
were terminated after the cells reached sta-
tionary phase. Finally, specific growth (µ), divi-
sion rate (k), and division/doubling time (T)
during logarithmic phase for each species were
calculated based on both fluorometer readings
and cell counts according to formula proposed
by Guillard (1973) (Wood et al., 2005) as fol-
lows:

Statistical Analysis
Simple linear regressions were calculated

using R statistic software. Data for this analy-
sis were taken from exponential phase of
growth/logarithmic phase for each species
subjected to growth experiment.

RESULTS AND DISCUSSION
Two species were successfully isolated

during this experiment. They were Scrippsiella
sp. from Narragansett Bay and M. cf. moni-
liformis from Kendari Bay. Scrippsiella sp. par-
ticularly Scrippsiella trochoidea is a solitary
dinoflagellate listed as a potentially harmful
algal bloom forming species due to its ability
to reach very high densities particularly in
stratified water bodies (Attaran-Fariman &
Bloch, 2012).

Scrippsiella sp. is characterized by a vio-
lin-type shape with a pronounced girdle. It is
an armored cell, brown in colour, and the chlo-
roplasts are yellow. M. cf. moniliformis is a fast
growing chain-forming diatom that commonly
inhabits the estuaries or littoral zone (Majewaska
et al., 2012). The cells isolated in this study
resemble M. moniliformis in which cells are
pill-shaped, from roughly cylindrical to almost
spherical, and were connected in chains by
mucous pads (Horner, 2002). Because of the
difference in growth performance, Scrippsiella
sp. was observed for 75 days by fluorometry
while Melosira was observed for only 38 days.
Cell counting for Scrippsiella sp. was con-
ducted for 43 days. However M. cf. monili-
formis could not be counted due to clumped
cells in chains that were difficult to separate.

Scrippsiella sp.
Currently, there are 40 species of

Scrippsiella in the algae data base but only 27
have been accepted taxonomically (Guiry,
2013). Taxonomic classification for Scrippsiella
sp. is as follows:
Empire : Eukaryota
Kingdom : Chromista

where:
N1 = Number of cells/fluorescence relative unit

(rfu) at T1
No = Number of cells/fluorescence relative unit

(rfu) at To
T1 = Observation after To
To = Initial observation
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µ  = ln (N1 / No)
T1 – To

k  = µ
ln 2 (0.6931)

T  = 1
k



Phylum : Dinophyta
Class : Dinophyceae
Order : Peridiniales
Family : Peridiniaceae
Genus : Scrippsiella

The growth of Scrippsiella sp. in culture
flasks showed a long logarithmic phase that
lasted for 23 days, from day 7 to day 30 (Figure
1). The lag phase was not observed in this trial.
The highest cell density was reached after 35
days during the onset of stationary phase with
9,097 cells/mL.

When growth was obtained from fluores-
cence measurements, Scrippsiella sp. cells
showed a long lag phase and a logarithmic
phase different from that of cells in the count-
ing experiment, indicating growth restraint due
to different culture environment from f/8 to f/
2 medium. Also, the difference between sur-
face and volume ratio in flasks and tubes may
also contribute to the different growth rate.
The logarithmic phase started on day 21 and
ended on day 47 (Figure 2). The fourth repli-
cate showed a slower growth compared to the
rest of the cultures and therefore was excluded
from the growth data.

Simple linear regression analysis of
Scrippsiella sp. growth for both experiments
during logarithmic phase showed that there is
a significant relationship between cell density

and culture age (Adjusted R-Squared was 0.93
and 0.99 for fluorometer and counting experi-
ment, respectively with p-value < 0.0001, Fig-
ure 3).

Melosira cf. moniliformis
The chain-forming diatom species obtained

from Kendari Bay was identified as Melosira cf
moniliformis. This species was sampled from
brackish water of Kendari Bay estuary at tem-
perature of 23oC and 5 psu salinity. The taxo-
nomic classification for this species from Guiry
(2013) is as follows:
Empire : Eukaryota
Kingdom : Chromista
Infrakingdom : Heterokonta
Phylum : Ochrophyta
Class : Coscinodiscophyceae
Order : Melosirales
Family : Melosiraceae
Genus : Melosira
Species : M.cf. moniliformis (O F. Müller)

C. Agardh 1824

Simple linear regression (SLR) analysis dur-
ing logarithmic phase showed a strong rela-
tionship between culture age and growth of
M. cf. moniliformis (Adjusted R-Squared was
0.96, Figure 6) although without a significant
correlation (p value = 0.09).
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Figure 1. Growth of Scripssiella sp. in culture flasks over a 43-day period.
Logarithmic phase started on day 7 and ended on day 30. The growth
rate (µ) during logarithmic phase was 0.17 day-1. Division rate (k)
during logarithmic phase was 0.25 day-1, 1 division every 4 days (T).
The daily cell density is the average of cell counts of the three cultures.
Standard errors about the mean are represented by the error bars symbol
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Figure 2. Scrippsiella sp. growth in fluorometer experiment. The logarith-
mic phase started on day 21 and ended on day 47. Growth rate
(µ) during logarithmic phase was 0.12 day-1. Division rate (k) dur-
ing logarithmic phase was 0.18 day-1, 1 division every 5.65 days
(T). The daily cell density is the average of cell counts in the three
cultures. Standard errors about the mean are indicated by error bars
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Figure 3. Relationship between culture age and culture density in
growth of Scrippsiella sp. cell density on the figures is in
log, A = Counting experiment, B = Fluorometer experiment
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DISCUSSION
The growth curve is an important indicator

to determine the growth phase of microalgae
cultures. Determining the growth phase is criti-
cal for aquaculture nutrition as the nutrition
value of microalgae varies between the
phases. Several studies found that carbohy-
drate, protein, lipid, and sterol composition of
microalgae were high in late logarithmic phase
or at the onset of stationary phase (Mansour et
al., 2003; Ponomorenko et al., 2004; Martinez-
Hernandez et al., 2006; Schwenk et al., 2013).
The curves obtained in this experiment clearly
show different growth patterns between a dia-
tom and a dinoflagellate. The diatom, M. cf.
moniliformis grew faster and the cells density

Figure 4. M. cf. moniliformis isolated in this
study
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Figure 5. Growth of M. cf. moniliformis. Logarithmic growth phase
was between days 2 to 6, (µ = 0.52 day -1, k = 0.76 day-1,
1 division every 1.3 days). Standard errors about the mean
of 3 replicates are indicated by error bars symbol
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Figure 6. Relationship between cell density and culture age in
the growth of M. cf. moniliformis
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was significantly increased as the culture age
increased during logarithmic phase. The cells
were in logarithmic phase when observed af-
ter 2 days of inoculation into the new culture
media while Scrippsiella sp. needed 7 days to
reach logarithmic phase in culture flasks and
21 days in culture tubes. Species with a high
growth rate within a short period are good can-
didates for aquaculture feeds as this should
reduce production and maintenance costs.
This study indicates that M. cf. moniliformis
can be considered in aquaculture pending fur-
ther investigations of its nutrition profiles.

Optimum culture conditions are also criti-
cal to ensure good growth of microalgae. Tem-
perature, light, and nutrition are some of the
main factors that should be monitored care-
fully during the culture period (Lavens &
Sorgeloos, 1996; Coles & Jones, 2000). The
diatom species in this experiment divided their
cells almost every day, indicating the cultures
were maintained within their optimum environ-
ment. This result confirms numerous data on
diatom growth patterns under optimal culture
conditions, where their biomass doubles daily
(Lavens & Sorgeloos, 1996; Ponomorenko et
al., 2004; Nurachman et al., 2012).

The dinoflagellate species in this experi-
ment showed a slow growth rate that may be
due to different culture media used between
starter culture and batch culture for growth
experiment as well as volume ratio difference
between culture vessels. Many dinoflagellates
are not used in aquaculture hatcheries feed
due to their toxic potentials. Garate-Lizzarraga
et al. (2009) suggested that Scrippsiella
trochoidea, with a relatively high content of
protein, may be a good complement to the diet
of shrimp. However, Tang & Gobler (2012) found
that Scrippsiella trochoidea had a lethal effect
on Eastern oyster (Crassostrea virginica) and
Northern quahog (Mercenaria mercenaria) lar-
vae at a density of 104 cells mL-1. Moreover,
some dinoflagellates from genus Gymnodinium
such as Gymnodinium catenatumis harmful
and responsible for paralytic shellfish poison-
ing (Costa et al., 2010), however, some spe-
cies from this genus may potentially be used
in aquaculture as they contain high lipid and
sterol for cultured bivalves and shrimps as stud-
ied by Mansour et al. (2003).

Although the diatom isolated in this study
came from a warm and low salinity environment,
it adjusted very well to the culture conditions.
Kendari Bay estuary receives high nutrient in-

put from waste water in its surroundings. This
may explain the good growth of M. cf. moni-
liformis isolated from this area. Microalgae spe-
cies that live in high nutrient environments
usually exhibit good growth under laboratory
and controlled conditions. Cai et al. (2013),
found that several species of microalgae, such
as Chorella spp., Scenedesmus sp., Oscillatoria
sp., and Isochrysis sp., which are commonly
used in aquaculture, tend to grow better in
high-nutrient wastewater. This trait is an ad-
vantage for aquaculture where species that
are robust and easy to culture are needed for
mass cultivation and transportation purposes.

CONCLUSION
M. cf. moniliformis isolated from Kendari

Bay showed better growth under similar labo-
ratory culture condition than Scrippsiella sp.
Therefore this species can be used for aqua-
culture hatcheries feed but further study of
its nutritional composition is needed. The po-
tential use of Scrippsiella sp. as feed for shrimp
hatcheries need to be assessed carefully con-
sidering their toxic potentials over nutritionals
value.
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