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Growth Potential of Chattonella marina 
(Raphidophyceae) Collected in 
Gokasho Bay, Central Japan°· 2

) 

TSUNEO HONJo3> 

National Research Institute of Aquaculture, Nansei-Cho, Watarai-Gun, Mie 516-01 

Abstract 

The population dynamics of Chattonella marina in Gokasho Bay, Mie Prefecture, central Japan, 
were studied from November through December 1985. Water temperature in the bay ranged 
from 13 to 20°C and salinity from 21. 6 to 34. 8%0 during the period of the investigation. Cell 
numbers of C. marina fluctuated from 0. 2 to 2, 000 cells 1-1

• C. marina cells collected from a 
wild population were cultured individually to observe growth potential of the organism. Cells 
isolated during the increasing phase of the population showed high growth rates of 1. 42-2. 0 
divisions d- 1

• 

Chattonella marina (Subrahmanyan) Hara et Chihara (HARA & CHIHARA 1982) is one of the 

flagellates causing prodigious red tides in coastal waters of Japan. Ecological and physiological 

characteristics of the congener C. antiqua (Hara) Ono have been studied extensively (Iw ASAKI 

1979, FURUKI et al. 1981, NISHIMURA 1982, NAKAMURA 1985a-c, NAKAMURA & WATANABE 

1984a-d, NAKAMURA et al. 1982, WATANABE & NAKAMURA 1984), but little information is 

available for C. marina. Study on the growth potential of the organism is important for 

clarifying the causes of sporadic occurrences of red tide blooms and for developing predictive 

models. 

HON JO & T ABAT A (1985) demonstrated a high growth rate of the chrysophycean Olistho

discus luteus Carter using cultures in small tissue-culture chambers. Since this method proved 

useful for observing the growth potential of wild phytoplankters, it was employed in the present 

study on the growth potential of wild C. marina. This article describes the population dynam

ics of C. marina in Gokasho Bay, Mie Prefecture, central Japan, from November through 

December 1985 and the growth potential of individual C. marina cells collected at various 

phases of the wild population in the bay. 

Materials and Methods 

Surface seawater samples were collected from a station in Gokasho Bay at intervals of 1-3 days, 

from 1 November through 27 December 1985 (Fig. 1). Sampling was done between 09:00 and 

11: 00 h. Water temperature and salinity at the station were recorded at the same time. Data 
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Fig. 1. Map showing the sampling station (solid circle) 
in Gokasho Bay and the weather station (open circle) 
in Nansei-cho, Mie Prefecture. 

on precipitation were taken from the weather records of Nansei-Cho (Fig. 1). Phytoplankton 

samples were usually concentrated 100-2, 000 times on glass :fiber :filters (Whatman GF/C; 

effective membrane area, 16. 6 cm2) at atmospheric pressure. For samples larger than 0. 5 liter, 

an ultra:filtration apparatus (Amicon, model 2000; effective membrane area, 144 cm2) was used 

for pretreatment with the same-type :filter at atmospheric pressure. Live cells of C. marina in 

the concentrated samples were counted microscopically. 

Live cells were isolated with a capillary tube, rinsed twice with Guillard 'f' medium, and 

individually inoculated into small tissue-culture chambers (Lab-Tek, USA). Two hundred µ1 of 

Guillard 'f' medium of salinity 33. 5%o was added to each chamber. After inoculation, the 

chambers were covered with transparent acetate seal to prevent evaporation of the medium, 

and were kept at 24 °C under 3, 000 Ix "cool-white" fluorescent lamps with a 12: 12 L/D cycle. 

The number of C. marina cells in each chamber was counted every day under an inverted 

microscope. Growth rate (k=division d-1) of C. marina was calculated as: 

k=ln (C1/Co) [l/(t1-to) ln2] 

where Co and C1 are cell numbers at times to and t1. 

Results 

Figure 2A shows changes in number of C. marina cells, water temperature, salinity and pre

cipitation during the period of the investigation. Motile cells of the organism fluctuated from 10 

to lOOcells 1-1 during the period of 5-16 November. Thereafter, cell numbers increased rapidly 

and showed a peak of 2, 000 cells 1-1. After the peak, cell numbers decreased exponentially. 

Finally in late December no C. marina cells were found from samples of 6 liter seawater. 

Water temperature decreased gradually from 20 to l3°C during the investigation. Salinity 

declined remarkably in early November when there was a period of high precipitation. How-
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Fig. 2. Changes in cell numbers of Chattonella marina in Gokasho Bay in 
relation to water temperature, salinity and precipitation (A), and changes 
in growth potential (cell increase during 3-day cultures in tissue-culture 
chambers) of C. marina collected at different times (B), during the 
period of investigation (Nov.-Dec. 1985). Vertical lines and Arabic 
numerals above each column in (B) denote the range of cell increase 
and the number of cells inoculated, respectively. 
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ever, it remained a level almost constant around 34%0 during the period of 14 November - 27 

December. 

Figure 2B shows the average increase of C. marina cells which were cultured individually 

for 3 days in tissue-culture chambers. The highest average increase (19. 25-fold; average growth 

rate of 1. 42 divisions d- 1) was observed in the cells which were collected 6 days before the 

peak of the natural population. Of four cells inoculated, one showed a 27-fold increase (1. 59 

divisions d- 1). The cells isolated on 10 November also showed a fairly high increase (11. 5-

fold). The average increase of eighteen cells inoculated on 5 November was quite low, although 

one cell increased by as much as 16-fold. All cells collected after the peak of cell numbers in 
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Fig. 3. Daily changes in growth rate in four cultures 
of Chattonella marina started with a single cell 
from 10 November and 16 November 1985. 

the bay showed an increase of as low as about 4-fold during 3 days of culture. Figure 3 shows 

daily changes of the growth rate of each C. marina cell inoculated on 10 and 16 November. 

High growth rates of l. 42-2. 0 divisions d- 1 were occasionally observed during the culture of 

these cells. 

Discussion 

In the culture experiments with small tissue-culture chambers high average increases were 

observed in the cells which were isolated before the peak of natural population. The highest 

average increase (19. 2-fold; average growth rate of l. 42 divisions d- 1) was obtained with cells 

isolated 6 days before the peak density in the field. Using the same method, HONJO & 

T ABAT A (1985) frequently observed high average increases of Olisthodiscus luteus in culture 

cells collected 1-2 days before the rapid and exponential growth phases of the populations in 

the outdoor tanks. Therefore, higher increase of C. marina might be expected in the cells 

isolated just before the peak in the natural population. High average increases were observed 

during the period when salinity changed from 21. 6 to 34. 8%0 recovering from a period of high 

precipitation. Active divisions of C. marina cells in this period probably depended on high 

supplies of nutrients from land. 

All cells isolated during the decreasing period of wild population showed a low increase. In 

the present experiments the growth potential of C. marina estimated by the growth rate of 

individual cells in in vitro culture well reflected the dynamics of the natural population. In this 

study in vitro culture was carried out at a temperature of 24 °C, while the wild cells were living 

at water temperature of 13-20°C. Such a difference in temperature might affect the growth 

rate of cultured cells. Further discussion awaits future study. 

In the present study several cells of C. marina inoculated on 10 and 16 November showed 

growth rates higher than 1. 0 division d- 1• The instantaneous maximum growth rate was at 
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2. 0 divisions d-1
• K. NOZAWA (unpubl.) independently observed a growth rate of 1. 47 divi

sions d-1 in laboratory cultures of C. marina. Both these results suggest a high growth ability 

of C. marina. HONJO & T ABAT A (1985) also demonstrated a high growth rate, 3. 3 divisions 

d-1
, in Olisthodiscus luteus which was recently synonymized with the raphidophycean Hetero

sigma akashiwo (Hada) Hara et Chihara by HARA & CHIHARA (1987). On the other hand, 

lIZUKA (1979) and IIZUKA & MINE (1983) described that the maximum growth rate of a 

dinoflagellate Gymnodinium nagasakiense Takayama et Adachi might be 1. 0 division d- 1• 

Further studies will be needed to clarify whether or not such a high growth ability as over 

1. 0 division d- 1 is unique in the raphidophyceans among flagellates. 
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