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ABSTRACT

Algal culture collections are specific repositories for living organisms and play a
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cultured in laboratory conditions.

crucia role in phycology and microbiology as they are a source of high quality
research material. Moreover, culture collections also serve purposes in education,
ex-situ conservation and industry, e.g. production of biofuels or dietary
supplements. Present study conducted from December 2009 to November 2010.
Marine diatom, Skeletonema costatum were collected from Vellar estuary and
cultured at CASin Marine Biology, Annamalai University in India. One species of
marine diatom, Skeletonema costatum (Bacillariophyceae) were commercialy

I ntroduction

Diatoms are indisputably the major
component of many food webs, and so
estimating their seasonal  abundance,
fluctuations and growth rate have been, and
will be, an important component of marine
science studies. Aquatic environments are
subject to high temporal variability, with
frequent  reorganization of  relative
abundance and species composition of
phytoplankton, as a result of interaction
between physical, chemical and biological
variables (Reynolds et al., 2000). Like all
other marine organisms, diatom eco-
physiology is influenced by water
temperature, salinity, light intensity and
nutrient concentrations (Tomas, 1996;
Thomas and Sommerfeld, 1998; Thessen et
al., 2005).
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Temperature is an important factor
controlling the algal growth in natura
environments (Lund, 1949; Talling, 1955)
and growth response to temperature may be
essential in regulating the predominance of
phytoplankton species. It is well known that
salinity is an important abiotic factor
affecting phytoplankton growth. Wide
ranges of salinity and temperature may
explain frequent appearance of
phytoplankton throughout the year in the
ocean (Hoshiai et al., 2003).

Skeletonema costatum commonly dominates
the diatom abundance in coastal waters
(Pratt, 1965, Durbin and Durbin 1981, Reid
et al., 1985, Marshall and Ranasinghe 1989,
Ramaiah and Furuya 2002, Balkis, 2003).
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The intercalary valves of the chains
Skeletonema are all alike and different from
the separation vaves (Crawford, 1979).
Skeletonemaisincreasingly used as live feed
in the larviculture of penaeids, polychaetes,
lobsters, marine ornamental  prawns,
barnacles, mussels, oysters, scalops and
pearl spats (Kitto and Regunathan, 1997).
Dried cells are an excellent substrate bed for
edible mushroom culture. For copepods, live
Skeletonema cells form an excellent feed
(Paffenhdfer, 1970). In the present study, S
costatum was chosen because it is an
important coastal organism that can tolerate
a wide variety of light regimes and
temperatures, and it is an idea laboratory
organism that grows readily in various
media. It is aso a worst-case selection in
terms of non-toxic bloom management
because it grows rapidly and attains high
population densities.

Materials and M ethods
Culture species

The marine centric diatom, S. costatum was
collected from Velar estuary. It was
isolated, axenic culture developed and stock
culture maintained in Guillard’s F/2 medium
a MoESICMAM “Marine Ecotoxicology
(PD/11™ plan/ME/CAS/54/2007)”  Project
Alga Culture Laboratory, CAS in Marine
Biology, Faculty of Marine Sciences,
Annamalai University, Parangipettai.

I solation of Phytoplankton

The phytoplankton samples were diluted and
filtered with seawater. The sample was
again diluted and one mL was transferred to
a Sedgewick Rafter counting chamber.
Single cell of the diatoms was picked up
from the counting chamber by using
micropipette under an inverted microscope
(Olympus,  CH20i BIMF, Noida).
Subculture of the isolated species was done
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with autoclaved seawater which was filtered
through 0.45 mm Millipore and enriched
with F/2 medium at the room temperature of
25°C and the water temperature of 20°C
with salinity 30 ppt. Most species grow best
at asalinity that is dightly lower than that of
their native habitat, which is obtained by
diluting sea water with tap water. Light
(4500 = 400 Lux) was provided and
maintained 12:12 h light:dark cycle. The
isolation process was carried out until
getting the mono strain of the S. costatum,
for getting the bacteria free strain, various
doses of antibiotics were wused and
absolutely bacteria free mono strain was
found above a dose of 200 units-penicillin/
mL, 200 pg-Streptomycin/mL solution were
found to be lethal for S costatum and cells
were grown in axenic condition. The mono
species of S costatum was inoculated for a
mass culture. The experiments were
conducted in 5 liter conical flasks with 50
ml and 20 liters of glass tank with 200 ml of
4-5 days old exponentially grown alga
cultures (Fig. 1). The cel density was
estimated at every 24 hours intervals in all
the experiments.

Morphology and identification of S.

costatum

S. costatum was observed under microscope
to their morphologica characteristics
(Olympus, CH20i BIMF, Noida and
Fluorescence microscope) (Fig. 3). For
identification of the species following
literature was used viz.,, Venkataraman
(1939), Subrahmanyan (1946), Prescott
(1954). Growth characteristic experiments
were done to find out the best growth
condition for mass culture.

Chlorophyll ‘@
Chlorophyll ‘@’ analyses were performed by

the modified method of Strickland and
Parsons (1972). In 2 ml of alga culture, 5
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ml of acetone was added and vortexed for
one minute and kept at 4°C under dark in
refrigerator for 24 hrs. Then the samples
were centrifuged at 5000 rpm for 10 min.
supernatant was read at 630, 645 and 660
nm in UV-Vis. Spectrophotometer (Perkin-
Elmer Lamda 25). Raw acetone used as
blank.

Results and Discussion

Systematic position of Skeletonema
costatum (Greville) Cleve, 1873

Empire Eukaryota
Kingdom Chromista
Division Ochrophyta
Class Mediophyceae
Order Thalassiosirales
Family Skeletonemaceae
Genus Skeletonema
Species S costatum

Description of the species

Cells were cylindrical with rounded ends.
Cells form long straight chains, held
together by fine marginal processes, parallel
with longitudinal axis. Spines are straight
and slender and unite with the spines of the
next cell to form a junction hence, two
chromatophores per cell. Nucleus is central.
Chain in girdle view, uppermost cell with
two chloroplasts was observed (note that the
linking structures may be much shorter and
less distinct). The S. costatum valves small,
lens shaped with rounded ends and form
long and slender chains with the help of
marginal spines.

In the present study, the growth of S
costatum was observed, the average cell
density 21X10*ml in log phase and the
average cell density 328X10°/ml at the time
harvesting in stationary phase. The
chlorophyll ‘@ concentration (19.823ug/l)
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was analyzed with the help of UV-Vis
Spectrophotometer (Fig. 2).

In the present study, Skeletinema costatum
were cultured successfully in both in-door
and out-door systems with maximum
biomass. Cell growth and biomass of S
costatum was clearly indicating that, their
production efficiency and high growth rate
with cost effective and environment friendly
nature. Cells were found to multiply and
increase day by day for entire culture period.

The maximum growth of S costatum was
found to be in the stationary phase of 4-6
days. During the stationary phase the
average cell density was 328X10%ml. On
the 9™ day onwards S. costatum appeared as
dark brown colored. Maximum density was
obtained on 9" day of the culture whereas
the minimum was obtained at 1% day. S
costatum is chain forming one and it may
occupy more space in the culture tank, the
biomass (wet weight) of S costatum was
comparatively high. Similarly, S. costatum
showed best performance in terms of growth
in out-door culture, it was high enough to
yield a large biomass in culture within a
reasonable period of time. Since the S
costatum has chain forming nature which
could increase the total biomass (Rekha et
al., 2012).

Sdlinity is an important factor, which
profoundly influences the abundance,
distribution, growth and composition of
phytoplankton in the marine environment.
There are several species of diatom, which
showed higher rate of growth in different
salinities. Diatoms from estuaries have the
widest adaptability to any change salinity of
the externa medium (Williams, 1965).
Growth rates of estuarine clones are not very
much affected in media of wide salinities
and the clones isolated from sea do not
survive in lower salinities.
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Seletonema is characterized by “cylindrical
cells with a peripheral ring of tubular
processes, fultoportula, that runs
perpendicular to the valve face and link to
those of sibling valves to form permanent
colonies of variable length” (Zingone et al.,
2005). The production and management of
Skeletonema costatum cultures can be
achieved in a number of ways without
adversely affecting the quality of the algal
cells produced. In culture condition the
phytoplankton growth has been reported to
increase with increasing intensity at light up
to a point declined thereafter. This trend has
been widely reported in many phytoplankton
Species.

The optimum requirement of light different
in the range between 2500 and 6000 Lux for
different diatom species viz, S costatum,
Asterionella socialis and Navicula (Hoff and
Snell, 1989). Small portions of cellular
carbon lost to the medium during dark
periods following period of photo
assimilation (Hellebust, 1974). Nutrition is
essential component for phytoplankton and
its groups. The growth depends on the
availability of certain nutrients like nitrogen
phosphorus and silicon. These nutrients
were found to limit the reproduction in the
marine phytoplankton (Carpenter et al.,
1971).

Environmental shifts that result in improved
conditions can induce a suite of molecular
and physiological responses that lead to
higher growth rates (Schaecter, 1968). Time
lags in the response of phytoplankton to
improved growth conditions have been
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observed in the field (Macisaac et al., 1985).
Identification of genus Skeletonema is
according to the key characterigtics:
cylindrical cells with a ring of long
processes emerging from the edge of the
valve face. However, exact identification of
species in the genus Skeletonema is very
difficult due to varying expression (Castillo
et al., 1995). In the present work, we have
obtained cultures of N-deficient S. costatum
cells by using nitrite as the limiting N source
in the Medium (Juan et al., 1978). The
results show that Skeletonema costatum
grows exponentially at 2.0 div. d* under the
present light and temperature conditions,
which is near the optimum growth rate
(Sakshaug and Andresen, 1986).

The S costatum cultures produced a
distribution of cells dominated by single cell
and 2 cell-long chains, with some 3, 4 or 5
cell-long chains also present (Gerard et al.,
1988). An altered light regime may limit
phytoplankton growth and productivity. In
response to this stress, diatom cells undergo
physiological changes to protect themselves
(production of photoprotectant pigments), or
accumulate ‘non-protective’ components,
which are the result of a stress-induced
metabolic impairment. Keletonema
costatum a marine chain forming centric
diatom species is common in the coastal
waters of India (Perumal et al., 1999). S
costatum using bi-algal cultures under
axenic conditions, and our findings indicated
that the growth of either species could be
suppressed by the unidentified
allelochemicals of the other, depending on
cell densities (Yamasaki et al., 2007).
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Figure.1A. Showed S costatum culturing in 5 liter conical flask. B, C and D showed
S. costatum culturing in Glass tanks
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Figure.2 Concentration of chlorophyll ‘@ (UV-Vis Spectrophotometer)
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Figure.3 Microscopic view of Skeletonema costatum, A and B showed Light microscopic
(10x) view of S costatum C, D and E showed Florescence microscopic (40x) view of S

costatum.
Acknowledgement

The first author is grateful to
Dr.T.Balasubramanian, Director and Dean,
CASin Marine Biology, Faculty of marine
Sciences, Annamalai University,
Parangipettai, 608 502,India, for providing
requisite facilities and to the authorities of
ICMAM - Ecotoxicology project for
providing fellowship.

134

References

Balkis, N. 2003. Seasonal variationsin the
phytoplankton and nutrient dynamics

in the neritic  water of
Blyikcekmece Bay, Sea of
Marmara. J. Plankton Res., 25: 703
717.

Carpenter, A.A., Bernardo, JR. 1971
Adenoid cystic carcinoma  of
Cowper’s gland: A case



Int.J.Curr.Microbiol.App.Sci (2014) 3(11) 129-136

report. J. Ural., 106: 701-703.

Cadtillo, JA., Meave del Castillo, M.E.,
Herndndez-Becerril, D.U. 1995.
Morphology and distribution of
species of the diatom genus
Skeletonema in a tropical coasta
lagoon. Eur. J. Phycol., 30: 107-
115.

Crawford, R.M. 1979. Taxonomy and
frustular structure of the marine
centric diatom Paralia sulcata. J.
Phycaol., 15: 200-210.

Durbin, A.G., E.G. Durbin, 1981. Standing
stock and estimated production rates
of phytoplankton and zooplankton in
Narragansett Bay, Rhode Idand.
Estuaries, 4: 24-41.

Gerard M. Capriulo, Richard A. Schreiner,
Barbara L. Dexter, 1988. Differential
growth of Euplotes vannus fed
fragmented versus unfragmented
chains of Skeletonema costatum.
Ecol. Prog. Ser., 47: 205-209.

Hellebust, JA. 1971. Kinetics of glucose
transport and growth of Cyclotella
cryptica Reimann, Lewin  and
Guillard. J. Phycal., 7: 1-4.

Hoff, F.H., Snell, T.W. 1989. Plankton
culture manual. Florida Aqua Farms,
Inc. 126 Pp.

Hoshiai, G., Suzuki, T., Kamiyama, T.,
Yamasaki, M., Ichimi, K. 2003.
Water temperature and salinity
during the occurrence of Dinophysis
fortiic and D. acuminate in
Kesennuma Bay, northern Japan.
Fish. ci., 69: 1303-1305.

Serra, J.L., Llama, M.J., Cadenas, E. 1978.
Nitrate utilization by the diatom

Skeletonema costatum. Plant
physiol., 62: 987—990.

Kitto, M.R., Regunathan, C. 1997.
Keletonema  kills  luminosis  in

shrimp hatcheries. Fish Farmer,
11(6): 15-16.

Lund, JW.C. 1949. Studies on

135

Asterionella: The origin and nature
of the cells producing seasond
maxima. J. Ecol., 37: 389-419.

Macisaac, J.J., Dugdae, R.C., Barber,
R.T., Blascoa, D., Packard, T.T.
1985. Primary production cyclein an
upwelling center. Deep-Sea Res., 32
503-529.

Marshall, H.G., Ranasinghe, JA. 1989.
Phytoplankton distribution along the
eastern coast of the USA. VII. Mean
cell concentrations and standing
crop. Cont Shelf Res., 9: 153-164.

Paffenhdfer, G.-A. 2002. An assessment of
the effects of diatoms on planktonic
copepods. Mar. Ecol. Prog. Ser.,
227: 305-310.

Perumal, P., P.Sampathkumar and P.K.
Karuppasamy, (1999). Studies on the
bloom- forming Species of
phytoplankton in the Vellar estuary,
Southeast coast of India. Indian J.
Mar. ci., 28: 400-403.

D.M. 1965. The winter-spring
diatom flowering in Narragansett
Bay. Limnol. Oceanogr., 10: 173-
184.

Prescott, G.W. 1954. How to know
freshwater algae (Ed. H.E. Jaques),

W .H .C. Brown company publishers,
Lowa. 272 Pp.

Ramaiah, N., Furuya, K. 2002. Seasonal
variations in phytoplankton
composition and transparent
exopolymer particles in a
eutrophicated coastal environment.
Aquat. Microb. Ecal., 30: 69-82.

Reid, F.M.H., Lange, C.B., White, M.M.
1985. Microplankton Species
assemblagesat the Scripps pier

from March to November 1983
during the 1982-1984 El Nifio event.
Bot. Mar., 28: 443-452.

Rekha, V., Gurusamy, R., Santhanam, P.,
Shenbaga Devi, A., Ananth, S. 2012.
Culture and biofuel production

Pratt,



Int.J.Curr.Microbiol.App.Sci (2014) 3(11) 129-136

efficiency of marine microalgae
Chlorellamarinaand Skeletonema
costatum. Indian J. Geo-Marine <ci.,
41(2): 152-158.

Sakshaug, E., Andresen, K. 1986. Effect
of light regime upon growth rate and
chemical composition of a clone of
Skeletonema  costatum from  the
Trondheimsfjord, Norway. J.
Plankton Res., 8: 619-637.

Schaecter, M. 1968. Growth: cells and
populations. In: Mandelstam, T.,
McQuillen, K. (eds.), Biochemistry
and bacterial cell growth. Wiley-
Intcrscicnce, New York. Pp. 136-
162.

Strickland, J.D.H., Parsons, T.R. 1972. A
practical hand book of the sea water
analysis. Bull. Kish. Res. Bd. Can.,
167: 310.

Subrahmanyan, R. 1946. A systematic
account of the marine plankton
diatoms of the Madras coast. Proc.
Ind. Acad. ci., 24B: 85-197.

Talling JF. 1955. The relative growth
rates of three planktonic diatoms in
relation to underwater radiation and
temperature. Ann. Bot. N.S. 19: 329-
341.

Thessen A.E., Michad, Q., Mossison,
L.P.W. 2005. Effect of salinity on
Pseudo-nitzschia species
(Bacillariophyceae) growth and
distribution. J. Phycol., 41: 21-29.

Thomas, A.D., Sommerfeld, M.R. 1998.
Effects of environmental conditions
on growth and lipid
accumulation in Nitzschia communis
(Bacillariophyceae). J. Phycol., 34:
712-721.

Tomas, JH. 1996. Effects of temperature
and illuminance on cell division rates
of three species of tropical oceanic
phytoplankton. J. Phycol., 2: 17-22.

Venkataraman, G. 1939. A systematic
account of some South Indian

136

diatom. Proc. Indian Acad. <ci., 10:
293-368.

Williams, P.M. 1965. Fatty acids derived
from lipids of marine origin. J. Fish.
Rcs. Board Can., 22: 1107-1122.

Yamasaki, Y., Nagasoe, S., Matsubara, T.,
Shikata, T., Shimasaki, Y., Oshima,
Y., Honjo, T. 2007. Allelopathic

interactions between the
bacillariophyte Skeletonema
costatum and the raphidophyte

Heterosigma akashiwo, Mar. Ecaol.
Prog. Ser., 339: 83-92.

Zingone, A., Percopo, I., Sims, PA.,
Sarno, D. 2005. Diversity in the
genus Skeletonema
(Bacillariophyceae): l. Are
examination of the type material of
S. costatum with the description of S.
grevillei sp. nov. J. Phycol., 41: 140-
150.



