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Growth of Harmful Phytoplankton,
Heterosigma akashiwo,
in the Mixture of Surface and Deep Seawater
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Abstract

Growth potential of the harmful phytoplankton taxon, Heterosigma akashiwo, was investi-
gated by laboratory culture studies conducted in surface seawater (SSW), deep seawater
(DSW) and the mixture (MSW) of SSW and DSW (1:1) to assess the effects of DSW drainage
on natural phytoplankton community structure in coastal areas. In culture experiments
using filtered seawater, the cell yields (after 14 days) of H. akashiwo in MSW were usually
much higher than those of the mean value of SSW and DSW. However, the growth of H.
akashiwo incubated in roughly-filtered MSW (namely, containing natural phytoplankton
communities), was usually suppressed. Under relatively low phosphate concentrations and
high N/P and/or Si/P ratios, H. akashiwo sometimes showed comparatively higher growths
without natural phytoplankton (filtered MSW). These results suggested that H. akashiwo has
the possibility to grow well in the mixture of SSW and DSW depending on the relative con-
centration of inorganic nutrients, and that growth of harmful phytoplankton should be con-
sidered when high amounts of DSW are drained into the coastal zone.

Key Words: Deep seawater, Heterosigma akashiwo, Mass drainage, Coastal ecosystems

E B

BiEERBK (DSW) OREBHKPIREBROEN 7S v 7 + vEEICE5Z2HEBII>WTHIS
fedic, RE/K (SSW) & DSW %21 @ 1 TRAEL7c#@B/K (MSW) hTOBFEEN TS 7 + v
Heterosigma akashiwo OEFEXR 7~ ¥ v+ WIZDWT, EFLVERZREZBAVWTHNL., RREYM 7
5y b+ vERELKAEB MSW T H. akashiwo 2158 L 12158 0MNE X, DSW TOREE
ez nidEEHLOT, BIFICHiT 22 Enbhotc. L L, RAMEMTS v 7 b v HENER
HELTWSE MSW Tld, 3&EAEDIBE H akashiwo OIEFE MG S iz, —F, ) v BIGRE
DK< N/P H® Si/P & WVIEE, H. akashiwo 3, KA TS5 v 7 + vEHEOFGEIIH D
Hod, BREBRICHIET 2 Ehbh -t ULOERY® S, @BEEREKEEXRBBKDOREKT
i3, ERREEOMMLILIC X - T H akashiwo K EDHEEZT S v 7 b v OEEMEE SN 5 0]
HEMEM Db, IREBIE~D DSW OKEH/KICEAELNLETH 2 EMRBE N,

3

*—7— K BI¥FERK, Heterosigma akashiwo, KEHEK, 1HEFEHHES

'United Graduate School of Agricultural Science, Ehime University, 3-5-7 Tarumi, Matsuyama, Ehime 790-8566, Japan
BRARFRFRESBEFHRM (T790-8566 FHEEM TG 3-5-7)

*Graduate School of Kuroshio Science, Kochi University, 200 Monobe-otsu, Nankoku, Kochi 783-8502, Japan

BHIARF K FEEMEGERFHRR (T783-8502 mXEREEMEZ 200)



2 WA JUE - R A

1. Introduction

Deep seawater (DSW), which is defined as
seawater below the euphotic zone, has the bene-
ficial properties of low temperature, clean, and
rich in inorganic nutrients (Nakashima, 1988;
Nakashima and Toyota, 1989; Fukami, 2004).
Due to these properties, DSW has been used in
various industries and investigated for addi-
tional uses (Fujita and Takahashi, 2006). Among
them, effective mass culture of food microalgae,
based on the high concentration of inorganic nu-
trients, is a promising utilization of DSW
(Nakashima, 1988; Fukami et al., 1991; Fukami
et al., 1992; Nakashima, 1992a, 1992b; Fukami
and Nishijima, 1994; Matsubayashi et al., 1994)
and many studies have reported that DSW has
the potential for effective microalgal cultivation,
such as the food diatom (Fukami et al., 1997,
Fukami et al., 1998). It is also pointed out that
DSW can be effective for preventing or recover-
ing from the so-called “Isoyake”, the decline of
seaweeds on the rocky shore (Watanabe et al.,
2000; Fujita, 2001, 2003; Otsuka, 2006). These
ideas are due to the delivery of the high inor-
ganic nutrient concentrations to the coastal
areas. The stimulation effect of DSW on the
growth of microalgae, however, may be greater
than on the growth of seaweeds. This means
that harmful and toxic phytoplankton may
grow, and red tides may break out, when mass
DSW is drained into the coastal zone.
Nevertheless, there are still not enough studies
on the influence of DSW on the coastal ecosys-
tem. Since the facilities for pumping and utiliz-
ing DSW have been constructed in various
places in Japan, high DSW drainage may impact
the coastal ecosystem beyond expected.

The harmful phytoplankton taxon Hetero-

sigma akashiwo is known to reach a cell density

of 10*-10° cells/ml and to cause red tides; such a
high cell density has been observed extensively
in the coastal areas around Japan (lizuka et al,,
2004).

In the present study, the growth potential of
H. akashiwo in surface seawater, deep seawater
and their mixture was investigated in the labo-
ratory. We discuss the effects of mass drainage
of DSW on the natural phytoplankton commu-
nity structure in coastal areas in front of DSW

facilities.

2. Materials and methods

2.1 Culture of Heterosigma akashiwo in fil-
tered seawater

Surface seawater (SSW) and deep seawater
(DSW) were collected from July 2003 to August
2004 (on 9 occasions) at the Deep Seawater
Laboratory of Kochi in Muroto City, Japan, and
filtered through GF/F glass fiber filters to re-
move phytoplankton. The mixed seawater
(MSW) was prepared by mixing SSW and DSW
at a ratio of 1:1. Therefore, three kinds of
seawater (SSW, DSW and MSW) were used for
the culture experiment in filtered seawater.
Heterosigma akashiwo NIES-6 (Raphidophyceae)
was used as the assay plankton for estimating
algal growth potential (AGP) of each seawater.
As cells for inoculation should have minimal in-
tracellular concentrations of inorganic nutrients
and trace metals (Nishijima and Fukami, 1994),
starvation culture was carried out by preserving
the H. akashiwo cells in aged seawater (without
containing inorganic nutrients) for 5 days.

After the starvation culture, H. akashiwo cells
were inoculated into 200ml of 3 seawater
samples (SSW, DSW and MSW) with an initial
density of 1,000 cells/ml. The incubation was

carried out at 20°C under 10,000 lux with a
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12:12 of L: D cycle until H. akashiwo reached sta-
tionary phase. Chlorophyll a fluorescence of H.
akashiwo was measured in regular time inter-
vals by Turner 10-AU Fluorometer (TURNER
DESIGNS).

2.2 Culture of H. akashiwo in mixed seawater
with natural phytoplankton communities

SSW and DSW were filtered through a 100
u#m-mesh plankton net to remove larger zoo-
plankton, and were mixed to prepare roughly-
filtered MSW containing natural phytoplankton
communities. MSW filtered through GF/F glass
fiber filters was also prepared as a control. After
the starvation culture, H. akashiwo was inocu-
lated into 200ml of GF/F filtered MSW and
roughly-filtered MSW with an initial density of
1,000 cells/ml. The incubation was carried out
at 20°C under 10,000 lux with a 12:12 of L:D
cycle until H. akashiwo and other phytoplankton
reached the stationary phase.

Water samples were collected in regular time
intervals, and the cell density of H. akashiwo in
the subsample was counted using epifluo-
rescence microscopy (OLYMPUS BX60).

2.3 Nutrient analysis

Before culturing H. akashiwo in roughly-
filtered MSW containing natural phytoplankton
communities, concentrations of dissolved
inorganic nitrogen (DIN: NH,", NO. and NO; ),
dissolved inorganic phosphorus (DIP), and dis-
solved silicate (DSi) in SSW, DSW, and MSW
were determined with an automatic analyzer

TRAACS-800 (BRAN + LUEBBE).

2.4 Relative Growth yield

Relative growth yield (RGY) ratios were calcu-
lated by dividing cell densities of H. akashiwo
with communities

natural phytoplankton

(cultured in roughly filtered MSW) by those
without other phytoplankton (cultured in GF /F
filtered MSW) on the 14th day of incubation.

3. Results

3.1 Growth of H. akashiwo in filtered seawater

Growth curves of H. akashiwo cultured in fil-
tered SSW, DSW and MSW collected on 30 April
2002 and 13 May 2004 are shown in Fig. 1, as
the representative of several series of experi-
ments. H. akashiwo hardly grew in SSW, but
grew well in DSW and MSW after a lag period of
a few days. The maximum chlorophyll a fluores-
cence in DSW was obtained after 2 weeks. In
MSW, chlorophyll a fluorescence was approxi-
mately half of that in DSW (Fig. 1).

3.2 Growth of H. akashiwo in mixed seawater
with natural phytoplankton communities

Growth curves of H. akashiwo in MSW col-
lected in several different sampling occasions
with natural phytoplankton are shown in Fig. 2,
as the representative of several series of experi-
ments. Growth of H. akashiwo in the roughly-
filtered MSW with natural phytoplankton
communities was usually lower than in GF/F
filtered MSW without natural phytoplankton
communities. H. akashiwo decreased from the
3rd or the 4th day and disappeared on the 12th
to the 14th day (Fig. 2A and 2B). However, in
some occasions like 25 March and 13 May 2004,
H. akashiwo grew well even with natural

phytoplankton communities (Fig. 2C and 2D).

3.3 Change in nutrient concentrations
Seasonal changes in DIN, DIP and DSi concen-
trations are shown in Figs. 3A-3C, respectively.
Concentration of DIN in SSW, MSW and DSW
varied in the range of 0.53-2.0 uM, 12-17 uM
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Fig. 1. Growth curves of Heterosigma akashiwo in GF/F-filtered surface seawater (SSW: Q), deep seawater

(DSW: [) and mixed seawater (MSW; SSW:DSW = 1:1: A) collected on 30 April 2002 and 13 May 2004.
N. D.: not detected.
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Fig. 2. Growth curves of H. akashiwo in mixed seawater (MSW; SSW:DSW = 1:1) without (O) and with (@)
natural phytoplankton. Date of commencement of experiments are 1 July in 2003 (A), 22 November in 2003
(B), 25 March in 2004 (C), and 13 May in 2004 (D). N. D.: not detected.

and 23-30 uM, respectively (Fig. 3A). Concentra-
tions of DIP in SSW, MSW and DSW varied in
the range of 0-0.22 uM, 0.28-1.1 uM and 1.3-1.9
uM, respectively (Fig. 3B). Concentrations of DSi
in SSW, MSW and DSW varied in the range of
0.73-24 uM, 18-36 4 M and 35-50 u M,

respectively (Fig. 3C). Concentrations of each
nutrient in MSW were near the mean values of
DSW and SSW.

N/P ratios in MSW varied in the range of 13-
43 and increased from May to June, 2004 (Fig.
4A). N/Si ratios in MSW varied in the range of
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Fig. 4. Seasonal changes in N/P ratio (A), N/Si ratio
(B), and Si/P ratio (C) (in mol) in mixed seawater
(MSW) from July, 2003 to August, 2004.
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0.39-0.68 and also increased from May to June,
2004 (Fig. 4B). Si/P ratios in MSW varied in the
range of 29-64, and they increased from May to
June, 2004 (Fig. 4C). These results were due to
the low concentration of DIP from May to June,
2004 (Fig. 3B).

Relative growth yield (RGY) ratios were plot-
ted against either N/P (Fig. 5A), N/Si (Fig. 5B) or
Si/P (Fig. 5C). RGY values were significantly
correlated with N/P (p < 0.05; r = 0.55) (Fig. 5A),
N/Si (p<0.05; r=0.51) (Fig. 5B) and Si/P (p <
0.05; r = 0.54) (Fig. 5C).

4. Discussion

In comparison with the growth of H. akashiwo
in GF/F-filtered MSW, the cell yields of A.
akashiwo were not so much less than those in
DSW but much better than SSW (Fig. 1), though
the concentrations of inorganic nutrient in
MSW were approximately half of DSW. These
results suggest that H. akashiwo has the possibil-
ity to grow well in the vicinity of a DSW outlet
where the mass amount of DSW is drained.

However, the growth of H. akashiwo in MSW
was usually suppressed when natural phyto-
plankton communities were present (Fig. 2A
and 2B). The growth of H. akashiwo with natural
phytoplankton communities was correlated to
changes in the nutrient concentration ratios,
such as N/P, N/Si and Si/P (Fig. 4). The results
suggest that low concentrations of phosphorus
and/or silicate in MSW resulted in relatively
good growth of H. akashiwo (Figs. 5A, 5B), in
particular at low phosphorus concentrations
(Fig. 5C).

The N/P ratio of H. akashiwo cell material was
reported as 15.2 (Watanabe et al., 1982), 11.1-

25.0 (Miyataetal., 1986) and 29.0 (Hosaka, 1992).

The optimum N/P ratio of H. akashiwo cells, on
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Fig. 5. Correlation between relative growth yield (RGY) ratios of H. akashiwo and N/P (A), N/Si (B), and

Si/P (C) ratios in mixed seawater (MSW).

the other hand, was 64.8 (Nishijima and Fukami,
1993), which means H. akashiwo prefers rela-
tively high N/P ratios. In this study, it was
found that H. akashiwo grew better when the
concentration of phosphorus was relatively low
(Figs. A, 5C). When H. akashiwo was cultured
under phosphorus-limited or even phosphorus-
depleted conditions, constant cell abundances
were maintained for some period (Kohata et al.,
1982). Another study showed that H. akashiwo
took up phosphorus and rapidly accumulated it
in the cell (Watanabe et al., 1987). These results
suggest that H. akashiwo utilizes low concentra-
tions of phosphorus more effectively than other
phytoplankton communities and that H.
akashiwo has the possibility to grow when natu-
ral phytoplankton communities can not grow
well due to the phosphorus limitation. In addi-
tion, it was found that H. akashiwo did not grow
when the concentration of silicate was high
(Figs. 5B, 5C). In such occasions, diatoms grew
predominantly in natural phytoplankton com-
munities in the present study (data not shown),
and subsequently, the growth of H. akashiwo
was suppressed.

Our data showed that the growth of H.

akashiwo could be suppressed when natural

phytoplankton communities are present, even

though high nutrients are supplied by mass
drainage of DSW. However, H. akashiwo has the
possibility to grow well depending on the rela-
tive concentration of phosphorus and/or silicate
(Fig. 5). Therefore, we must consider that we
may have some risk of the growth of harmful
phytoplankton when huge amounts of DSW are

drained in the coastal zone.
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