La mer 37 : 153-162, 2000
Societe franco-japonaise d’oceanographie, Tokyo

Ammonium and phosphate pools of Noctiluca scintillans

and their supplies to the water column in Harima
Nada, the Seto Inland Sea, Japan

Santiwat PITHAKPOL*, Kuninao TADA® and Shigeru MONTANI"

Abstract : The contribution of ammonium and phosphate contained in Noctiluca scintillans to
the water-column nutrient pools were investigated in Harima Nada, the Seto Inland Sea, Japan.
Ammonium nitrogen (NH,"-N) and phosphate (PO,*”-P) concentrations varied widely from
undetectable to 36.5 £ M and to 1.6 4 M, respectively. Percentages of NH,*-N and PO.*~-P contrib-
uted by Noctiluca were estimated based on population densities and the cellular nutrient
contents. The NH,*-N and PO,’ -P contained in Noctiluca contributed to the water column
NH.,*-N and PO.*-P pools ranging from 0 to 119% and to 809, respectively. The estimated high
percentages of both macro-nutrients were usually found in the middle of spring (April to June)
where Noctiluca red tides were observable, indicating that during this period the nutrient
regeneration by Noctiluca should not be ignored. The temporary enhancement of nutrients at
the sea surface by Noctiluca during Spring season when low ambient nutrient concentration is
characterized, effectively supports the growth of autotrophs and results in successive

phytoplankton blooms.
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1. Introduction

Noctiluca scintillans is one of the important
red tide heterotrophic dinoflagellate which is
abundant in tropical and subtropical coastal
waters (e. g. HUANG and Qr1, 1997 ; OkAICHI and
NisHIo, 1976 ; TADA et al., 1997, UHLIG and
SAHLING 1990). The extraordinary mass devel-
opment of this organism dyes sea surface with
large red streaks when optimum physico-
chemical and biological factors are suitable for
cell division and accumulation. This phenom-
ena, so-called Noctiluca red tide, has been stud-
ied in ecological aspects in global to regional
level (e. g. ADNAN, 1989 ; OkalcHI and NISHIO,
1976 ; OMORI and HAMNER, 1982 ; PORUMB, 1992 ;
SCHAUMANN et al., 1988 ; UHLIG and SAHLING,
1990 ; HUANG and Qi, 1997). In the Seto Inland
Sea, Japan, seasonal variation in population
density and Noctiluca biomass have been stud-
ied (TADA et al., 1997) together with biophilic
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cellular carbon and nitrogen contents (TADA et
al., 2000). Noctiluca has been ecologically con-
sidered to be a nutrient regenerator in the
coastal seas due to its high cellular contents of
ammonium nitrogen (NH,*-N) (OkaicHl and
NIsHIO, 1976 ; SCHAUMANN et al., 1988 ; MONTANI
et al, 1998) and phosphate (PO,* -P)
(SCHAUMANN et al., 1988 ; MONTANI et al., 1998).
The high concentrations of NH,*-N and PO2~-P
which contaminate the sea surface after cell
lysis, are subsequently utilized by autotrophs.
Noctiluca ingests particulate organic matter
(POM) such as phytoplankton, detritus
(Fukuyo et al., 1990) and bacterial size particles
(KIRCHNER et al., 1996), and transforms those or-
ganic materials into inorganic nutrients inside
the cell by metabolic activity. Although proto-
zoan nutrient regeneration has been consid-
ered to be less important than that of the
microheterotrophs (HARRISON, 1980, 1992 ;
CARON and GOLDMAN, 1990), vertical migrating
of the species may transport a significant frac-
tion of their regenerated nitrogen(NH,*-N) to
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the sea surface where it is easily aaccessible
by primary producers (LONGHURST and
HARRISON, 1988 ; LONGHURST et al., 1989 ;
HARRISON, 1992). In this study, the authors con-
ducted a long-term study of Noctiluca abun-
dance in Harima Nada over the period
beginning May 1995 an lasting until December
1998. The cellular NH,*-N and PO.*"-P contents
had been measured and data were used to esti-
mate the nutrient pools of Noctiluca in the
study area. The study further examines the
role of Noctiluca as the nutrient regenerator in
the Seto Inland Sea.

2. Materials and methods

Collection of Noctiluca and water samples
Seawater samples were collected almost
monthly from May 1995 to December 1998 at
the depths of 0, 5, 10, 20, and in deeper water
2m from the bottom at Stn. NH (34°28’N,
134°24'E) located in Harima Nada, the Eastern
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part of the Seto Inland Sea, Japan (Fig.l). A
10-¢ Vandorn type water bottle was used to
collect water samples except the sea surface
sample that was collected using a 15- £ plastic
bucket. Water samples were poured into twice-
rinsed 5 £ -capacity polyethylene bags and
stored in the dark at surface ambient water
temperature during transportation to the land
laboratory. Within a few hours after collection,
samples were filtered using a Whatman GF/F
filter. Duplicate filtrate samples were immedi-
ately frozen in a freezer (—20°C) for subse-
quent analysis of NH."-N and PO.*"-P. Noctiluca
abundance were estimated from 1¢ water fil-
tration through 300 ym-open mesh screen. Cells
retained on the screen were fixed with formal-
dehyde solution (1% final concentration) and
counted under a stereomicroscope at 10 X mag-
nification. In case of high Noctiluca density in
the samples, serial dilutions to appropriate cell
number were performed before counting.
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Fig. 1.
Inland Sea, Japan.

The location of sampling station, Stn. NH, in Harima Nada, eastern part of the Seto
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Fig.2. Monthly changes in Noctiluca mean cell diameter during a) 1995-1996. b) 1997-1998.

Noctiluca samples used for determination of
cellular nutrient contents were collected by
carrying out a vertical tow of a zooplankton
net (300« m opening mesh) at a depth of 20m in
April, May, June, October, November and De-
cember 1996.

Noctiluca cellular content and cell size deter-
mination

The details of the method for determining
Noctiluca cellular nutrient contents are given
elsewhere (MONTANI et al., 1998). Buoyant
Noctiluca cell collected by a zooplankton net
were siphoned off the top of net-plankton sam-
ples. Cells were washed to eliminate other
plankton species with 0.2¢m filtered seawater
for 3-5 times by repeating the siphon process.
Noctiluca cell were carefully placed onto a 0.45
um Milipore filter (cellulose nitratemembrane).

Noctiluca cells together with the filter were ho-
mogenized and sonicated in and ice-cold water
bath. Double-distilled water was used to dis-
solve the inorganic nutrients from the samples.
The liquid phase was then filtered using a 0.45
um disposable disk membrane filter for fur-
ther analysis of NH.*-N and PO.* -P using the
Technicon Auto-Analyzer I (GRASSHOFF et al.,
1983). All samples were prepared in replicates
(n=2~6).

Noctiluca cell diameter was measured for dif-
ferent collection period of the year by observ-
ing 20 live cells from the plankton net sample
under a light microscope with a micrometer at
100 X magnification. No fixing solution was
used to fix the cells but we reduced the sea
water volume on the Sedgwick-Rafter count-
ing chamber so that the movement of Noctiluca
was restricted. Noctiluca cell volumes were



156 La mer 37, 2000

o 4.050
el
1&;\/ o (1995
5_
]
g 101 100
a
a
20
100
. /|
S T T T T T T T T
J F M A M J Ju A §S O N D
0 Y T
100 H/ 100
\\3‘” )
5_
E‘ 100
g 101
&
20
BT T T T T T T T 1
J F M A M J Ju A S O N D

T ¥
\(100

\,
o 100

10

204 \ 100

00
104 U JI
500
20
100
35 T T T T T T T
J F M A M J Ju A S O N D

Fig.3. Vertical profiles and monthly changes in Noctiluca population density at Stn. NH

during 1995-1998.

calculated assuming spherical shape.

Estimation of ammonium and phosphate pools
of Noctiluca.

The ammonium and phosphate contents of
Noctiluca was measured in the 1996 samples
and used to estimate the Noctiluca inorganic
nutrient pools based on its cell volume. We also
observed seasonal changes in Noctiluca cell di-
ameter during the study period. The largest
cells were usually observed in March with di-
ameters decreasing from March to July of Octo-
ber and then increasing toward December (Fig.
2 a, b). For the remaining months that we were
not able to measure cellular nutrient contents
due either to low cell densities in the water col-
umn (in August and September) or due to the
difficulty of separating Noctiluca from other
contaminated zooplankton in the net-samples
(in July). We used linear correlation equations
between Noctiluca cell volume and cellular NH,*-

N and PO.*"-P to calculate nutrients content of
the cell.

3. Results
The abundance of Noctiluca scintillans in the
Seto Inland Sea

The high population density of this organism
was clearly noticed once or twice every year
during the study period (note that our moni-
toring was carried out at almost monthly inter-
vals). Population densities ranged from 0 to
12,600 cell 1. The peak cell densities at the sea
surface occurred in April to May 1995, and
March to May 1998 (Fig. 3). In April 1995 a den-
sity of 155 cell 17! was unexpectedly found in
the bottom layer. There were small cell density
peaks reaching to 500 cell 17! in May 1996 and
May 1997 (Fig. 3). No Noctiluca density greater
than 1,000 cell 17! was found in the 1997 sam-
ples. However, a moderately high cell density
was counted at that time (426 cell 177).
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Fig. 4.
during 1995-1998.

The seasonal variation in NH,*-N and PO.*"-P
in the study area

The NH,*-N and PO.*~-P concentrations of
seawater samples varied widely from undetect-
able to 365u4M and to 1.6uM for NH,*-N and
PO.#7P, respectively. Ammonium nitrogen con-
centration usually increased in middle of
spring. The highest concentration of 36.5uM
was found concurrently with 718 cell 17! Nocti-
luca density in June 1995 (Fig.4). Low ammo-
nium level spring and summer were found
with the exception of samples taken in 1996.
Low NH.*-N concentrations, however, were
measured in autumn and winter waters for
most of the samples throughout the monitor-
ing period.

Seasonal changes in PO.*"-P concentrations
experienced the same seasonal trends as the
concentrations of NH,*-N concentration (Fig.
5). Phosphate and NH,*-N concentration in-
creased concurrently with the increase in
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Vertical profiles and monthly changes in NH,*~N concentrations ( M) at Stn. NH

Noctiluca cell density in May 1995 and May
1998. Low PO.*"-P concentrations were found in
early spring and summer as a result of phyto-
plankton uptake. We observed that nutrient
flux from water-sediment interface occasion-
ally induced high concentration of both nutri-
ents found in a bottom layer.

The estimation of ammonium and phosphate
provided by Noctiluca

The intracellular NH,*-N and PO.*~-P con-
tents of Noctiluca were calculated based on the
correlation between cell volume and cellular
inorganic nutrient contents as :

Noctiluca cellular NH,*-N (pmol/cell)

=2X107° v+88.89 (D
Noctiluca cellular PO&~-P (pmol/cell)
=3x10°v—129.13 )

where v is the Noctiluca cell volume(um?®).
The Noctiluca ammonium nitrogen and PO -
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Fig.5. Vertical profiles and monthly changes in Po.’”-P concentrations ( zM) at Stn. NH

during 1995-1998.

P contents of has been reported in a previous
study (MONTANI et al., 1998). The estimated sea-
sonal changes in Noctiluca cellular nutrient
content is shown in Fig. 6. Noctiluca cell diame-
ter decreased from the largest cells found in
the March sample to the smallest cells found in
April, July and October samples. Cell diameters
then increased toward December (unpublished
data). The same trend in changes in cellular
nutrient content was obtained. The highest
Noctiluca cellular NH,*-N and PO.*"-P contents
were found in the March 1998 samples (11.2
and 1.5 nmol cell ! for NH,*-N and PO,’"-P, re-
spectively) when the cell diameter was 1019.2
um. The lowest cellular nutrient content was
found in the July 1997 samples (1.0 and 0.1
nmol cell™! for NH,*-N and PO.*"-P, respec-
tively) when the cell diameter averaged 448
um (Fig.6).

Nutrient pools of Noctiluca were estimated
by the multiplication of intra-cellular nutrient
contents and cell standing stocks in 0-33 m

depth water-column. High Noctiluca NH."-N
and PO.*"-P pools comparing to the ambient
nutrient pools were found in May and June
1995, April and May 1996, 1998 and March 1997.
These led the percentages of NH,*-N and PO.*"-
P contained in Noctiluca to the ambient nutri-
ent standing stocks ranged from 6.5-119% and
from 5.1-80.0%, respectively. Low percentages
of NH,*-N and PO.*"-P pools to the ambient nu-
trient concentrations were found in other peri-
ods of the year (Fig.7).

4. Discussion

Seasonal variation in Noctiluca abundance
Noctiluca abundance has been studied glob-
ally (e. g. western coast of Brittany-FEVRE and
GRALL, 1970; German Bight-UHLIG and SAHLING,
1982, 1990 ; SCHAUMANN et al., 1988; Romanian
Black Sea-PorRUMB, 1992; Dapeng Bay, the South
China Sea-HUANG and Q1, 1997 ; Seto Inland Sea-
TaDA et al., 1997). HuanG and Q1 (1997) re-
ported that during the peak period of
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Fig. 6. Monthly changes in Noctiluca cellular NH,* and PO.*"-P contents (nmol cell ') calculated
based on the difference in cell volume during a) 1995-1996, b) 1997-1998

abundance between March and May in Dapeng
Bay, South China Sea, the average density of
Noctiluca had a significantly positive relation-
ship with average water temperature. Our
study documents the same phenomenon. Other
physical factors effecting on the appearance of
Noctiluca population are wind and tidal current
(UHLIG and SAHLING, 1990). UHLIG and SAHLING
(1990) also stated that Noctiluca growth is in-
fluenced by light intensity. Cell growth in na-
ture could be influenced by increasing day
length from December toward June (in the Ger-
man Bight). In spring, water temperature
would be the dominating growth parameter.
Moreover, hydrographical features, such as
fronts, have been postutated as an indicator in
outbreaks of the red tide (FEVRE and GRALL,
1970). The calm weather and weak stratifica-
tion of the water column with a warm surface

layer obviously aids in generating a Noctiluca
patch (SCHAUMANN et al., 1988). However,
PoruMB (1992) reported the most abundance of
Noctiluca (over 509 of its density) in Roma-
nian Black Sea water was observed between 50
and 75m depth in summer. He suggested that
the stratification of water masses and strong
heating of the superficial water in August may
cause a numerical decrease in the Noctiluca
population in the surface water. High tempera-
ture in the surface layer (over 21°C was stated
by PoruUMB, 1992, in Romanian Black Sea wa-
ters) modifies the behavior of Noctiluca which,
by modifying their buoyancy, succees in avoid-
ing layers that are over heated.

Apart from the factors mentioned above, the
primary factor in Noctiluca multiplication is
the presence of food (PoRUMB, 1992). Noctiluca
is well-known for its grazing behavior on a
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Fig. 7. Percentages of NH,"-N and Po,’~ —P pools contained in Noctiluca cells to the ambient nu-
trient concentrations in the water column during 1995-1998

wide variety of foods, including phytoplankton
(mainly diatoms and flagellates), zooplankton,
fish eggs, detritus (HATTORL, 1962; FUKUYO et
al, 1990), and copepods eggs (KIMOR, 1979;
DANN, 1987). HuanGg and Q1 (1997) suggested
that during the peak period of the Noctiluca
abundance, the average density of Noctiluca at
stations in Dapeng Bay showed a significantly
negative relationship with average Chloro-
phyll a concentration. This indicated that
Noctiluca exerts some predation pressure on
the phytoplankton. Cyanophytes and bacteria
may also serve as a food source for Noctiluca.
SWEENEY (1970) observed cyanophyte Tricho-
desmium sp. within Noctiluca food vacuole.
KIRCHNER et al. (1996) reported that bacteria
and bacterial sized fluorescent latex micro-
spheres can be removed from the water by en-
trapment in the mucoid web of Noctiluca. They
also suggested that Noctiluca ingests bacteria
in the winter when other food source are
scarce. In the Seto Inland Sea, we found that a
decrease in phytoplankton biomass occurred
concurrently with an increase in Noctiluca
population (TADA et al., 1997).

Ammonium and phosphate provided by
Noctiluca

The regeneration and supply of limiting nu-
trients in coastal surface waters are ecologi-
cally important especially in temperate regions
where there are the high seasonal fluctuations
in nutrient concentrations and other physical
factors, such as water temperature. Organisms
which contribute to nutrient regeneration have
been seriously investigated for decades (HAR-
RISON, 1980, 1992). It was suggested that micro-
heterotrophs account for considerably more of
the energy tranfer and nutrient cycling within
the plankton community than the grazing con-
cept [phytoplankton-zooplankton-fish] held
(HARRISON, 1992). The regeneration by micro-
grazers excretion, for example of heterotrophic
bactivorous and herbivorous, however, has
also been studied extensively. CARON and
GoOLDMAN (1990) suggested that protozoans
may be important nutrient remineralizers. This
ovservation was based on the abundance of
protozoa in coastal and oceanic waters, the fact
that they are major consumers of bacteria and
autotrophic picoplankton, their high biomass-
specific metabolism, and field observations



Ammonium and phosphate pools of Noctiluca scintillans 161

that often associated high nutrient regenera-
tion rates with the particle size class in which
they fall (CARON and GOLDMAN, 1990 ; HARRISON,
1992).

Nutrient regeneration contributed by Nocti-
luca has been considered by OkaIicHI and NISHIO
(1976). Okaichi and Nishnio pointed out that
the harmfulness of this dinoflagellate is due to
the high NH.*-N content in the cell. In adiction
ammonium possibly contaminates the sur-
rounding water when cell lysis occurs. This
topic has been subsequently discussed by a few
additional authors. SCHAUMANN ef al. (1988) has
concluded based on the reports of German sci-
entists that the dense accumulatin of Noctiluca
cell in the red tide patch heavily influenced the
chemical and biological balance of the pelagic
ecosystem. Aging Noctiluca cells ascend to the
water surface which is in part achieved by ac-
tive intracellular ion exchange and NH.*-N ac-
cumulation which reduces the specific weight
of the cell. Part of this NH;"-N is then subse-
quently secreted together with PO.*"-P near to
at the surface of the water column. This obser-
vation has been evidently supported by our
findings that patches of Noctiluca red tide pro-
vided 16- and 25-fold greater concentrations of
NH.*-N and PO, -P (maximum 86 and 4.6 M,
respectively). Concentrations were greater in
the uppermost layer (0-10 cm depth) of the
water column compared with concentrations in
the ambient sea water (MONTANI ef al., 1998).
We also reported the intracellular nutrient con-
tents of Noctiluca which are used to estimate
NH,*-N and PO.*"-P pools in this study.

The increase in Noctiluca population density
enhances NH.”-N and PO.’”-P concentrations
on the sea surface due to its mass nutrient ac-
cumulation in the cell which is secreted as
waste or released to the water after cell lysis
(SCHAUMANN et al., 1988, MONTANI et al. 1998).
MONTANI ef al. (1998) reported that the NH,*-N
concentrations at the center of Noctiluca red
tide between 0-10cm depth were markedly
higher than those of the next 10cm depth layer
(10-20cm). In addition to direct nutrient regen-
eration, a large amount of organic detritus and
dissolved organic matter (DOM) produced
within the red tide may stimulate microbial ac-
tivities (SCHAUMANN et al., 1988) which is

believed to provide an important fraction of re-
generated nutrient. In this study, we can point
out that NH,*-N and PO.*~-P pools contained in
Noctiluca in Harima Nada, the Seto Inland Sea,
accounted for 0-119% and 0-809%, of the ambi-
ent nutrient pools respectively during spring.
These high percentages are important ecologi-
cally in relation to the biogeochemical cycles of
the biophilic elements, mainly nitrogen and
phosphorus, in marine environment.

Acknowledgments

Special recognition for his encouragement is
due Prof. Tomotoshi OxkaicHl. We are grateful
to Prof. Tadashi OcHi for his suggestions
in nutrient analysis. Speial thanks go to Dr.
Kazuhiko IcHimMi and Ms. Rumiko YANO for
their kind assistance. Thanks also to Mr. T.
HAMAGAK]I, the captain of R.V. Calanus, for his
assistance during the field observation.

References

ADNAN, Q. (1989) : Red tide due to Noctiluca
scintillans (Macartney) Ehrenb. and mass mor-
tality of fish in Jakarta bay. In : Red tides: Bio-
logy Environmental science, and Toxicology.
OkaicHl, T, D. M. ANDERSON, and T. NEmMoTo (eds)
Elsevier, New York, pp. 53-55.

CARON, D. A. and J. C. GoLbMAN (1990) : Protozoan nu-
trient regeneration. In : CaprivLo G. M. (ed.)
Ecology of Marine Protozoa. Oxford University
Press, New York

DANN, R. (1987) : Impact of egg predation by Noc-
tiluca scintillans on the summer development of
copepod populations in the shouthern North Sea.
Mar. Ecol. Prog. Ser. 37 : 9-17.

FEVRE, J. L. and J. R. GrRaLL (1970) : On the relation-
ships of Noctiluca swarming off the western coast
of Brittany with hydrological features and
plankton characteristics of the environment. J.
Exp. Mar. Biol. Ecol. 4 ; 287-306.

Fukuyo, Y., H. TAKANO, M. CHIHARA, and K. MATSUOKA
(1990) : Red tide organism in Japan-An illus-
trated taxonomic guide. Uchida Rokakuho,
Tokyo

GRASSHOFF, K., M. EHRHARDT, K. KREMLING (1983) :
Methods of Seawater Analysis—Second, Revised
and Extended Edition. Verlag Chemie, Weinheim

HARRISON, W. G. (1980) : Nutrient regeneration and
primary production in the sea. In ; FALKOWSKI, P.
G. (ed) Primary productivity in the sea. Plenum
Press, New York, pp.433-460.



162 La mer 37, 2000

HarrisoN, W. G. (1992) : Regeneration of nutrients.
In : FALKOwsK], P. G. and WOODHEAD, A. D. (eds)
Primary productivity and biogeochemical cycles
in the sea. Plenum Press, New York, pp.385-440.

HaTTOR], S. (1962) : Predatory activity of Noctiluca
on anchovy eggs. Bull. Tokai Reg. Fish. Res. Lab.
9 : 211-220.

Huang, C. and Y. Q1 (1997) : The abundance cycle
and influence factors on red tide phenomena of
Noctiluca scintillans (Dinophyceae) in Dapeng
Bay, the South China Sea. J. Plank Res. 19 ; 303—
318.

KiMOR, B. (1979) : Predation by Noctiluca miliaris
Souriray on Acartia tonsa Dana eggs in the in-
shore waters of southern California. Limnol.
Oceanogr. 24 : 568-572.

KIRCHNER, M., G. SAHLING, G. UHLIG, W. GUNKEL and
K.-W. KLINGs (1996) : Does the red tide-forming
dinoflagelate Noctiluca scintillands feed on bacte
ria ? Sarsia 81 : 45-55.

LONGHURST, A.R. and W.G. HARRIsON (1988) : Vertical
nitrogen flux from the oceanic photic zone by
diel migrant zooplankton and nekton. Deep—Sea
Res. 35 : 881

LONGHURST, A. R. BEpo, W. G, HARRISON, E. J. H. HEAD,
E. P. HornE, B. IRwIN and C. MoORALEs (1989) :
NFLUX : a test of vertical nitrogen flux by diel
migrant biota. Deep—Sea Res. 36 : 1705-1720.

MONTANI, S., S. PrtHAKPOL, and K. Tapa (1998) : Nutr
ient regeneration in the coastal seas by Noctiluca
scintillans, a red tide causing dinoflagellate. J.
Mar. Biotechnol. 6 ; 224-228.

OkaIcHL, T. and S. Nisaio (1976) : Identification of am-
monia as the toxic principle of red tide of
Noctiluca miliaris. Jpn. Bull. Plank. Soc. 23 : 75-80.

OMORI, M. and W. M. HAMNER (1982) : Patchy distri-
bution of zooplankton : behavior, population

assessment and sampling problems. Mar. Biol. 72
: 193-200.

PARSONS, T. R, Y. Marta and C. M. LarL! (1984) : A
manual of chemical and biological methods for
seawater analysis. Pergamon Press, Oxford

Porums, F. (1992) : On the development of Noctiluca
scintillans under eutrophication of Romanian
Black Sea waters. Science of the total environ-
ment, Supplement 1992, Elsevier Publishers BV,
Amsterdam, pp. 907-920.

SCHAUMANN, K., D. GErRDES and K. J. HEsse (1988) :
Hydrographic and biological characteristics of a
Noctiluca scintillans red tide in the German Bight,
1984. Meeresforsch 32 : 77-91.

SWEENEY, B. M. (1976) : Pedinomonas noctilucae (Pra-
sinophyceae), The flagellate symbiotic in Nocti-
luca (Dinophyceae) in Southeast Asia. J. Phycol.
12 : 460-464.

TaDA, K, S. PritHAKPOL and S. MoNTAN (1997) : Long
term observation to evaluate biomass of
Noctiluca scintillans in the Seto Inland Sea, Japan.
In : Abstracts book of With river to the sea ; Int
eraction of land activities, fresh water and en-
closed coastal seas. 7™ Stockholm Water Sympo-
sium, pp. 86-87.

TADA, K., S. PITHAKPOL, R. YANO and S. MONTANI (2000):
Carbon and nitorogen conotent of Notiluca
suitillans in the Seto Inland Sea, Japan. J. Plank.
Res.. (in press).

UHLIG, G. and G. SAHLING (1990) : Long term studies
on Noctiluca scintillans in the German Bight
population dynamics and red tide phenomena
1968-1988. Netherlands J. Sea Res. 25 : 101-112.

Received October 26, 1999
Accepted December 24, 1999



