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The vertical migration of Heterosigma akashiwo was studied under a particular em-
phasis of the effects of photoperiod and nutrients in the laboratory using an axenic culture.
Clear diel vertical migration was observed both in a test tube and graduated cylinders at a
14L : 10D photoperiod under the fluorescent tube illumination of 40 #E.m™2 sec™?, in which
the downward movement commenced at a half an hour before the dark at a swimming
speed of 50 cm-hr~!, and the upward movement started about 2 hours before the light at
a speed of 3.5cm-hr~l. No vertical migration but homogeneous distribution was obvious
under continuous illumination or darkness. The vertical migration was changed to a new
rhythm at a 6L : 6D photoperiod. It took 3 to 5 days in order to acclimate in a new
migration regime. Simple phototaxis was denied by the downward movement of the cells
in the dark period under the light. The vertical migration was stopped under nutrient
deficiency. The recovery of vertical migration was prolonged exponentially with a time
duration after the nutrient deficiency.
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Fig. 1. Temporal changes in the vertical distribution of Heterosigma akashiwo in a graduated
cylinder. Shaded and open areas of the top horizontal bar indicate the dark and the light periods,
respectively. Numerals in the figure represent cell numbers (x10% cells-m/~!), and the contours
were drawn based on cell numbers as well as the visual density observations.
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Fig. 2. The pattern of vertical migration of H. akashiwo at different lighting regimes.

Solid

line indicates the dense position between the top (t) and the bottom (b) of the graduated cylinder,
and dotted line represents an indistinct or homogeneous vertical distribution. Shaded and open areas
repersent the dark and the light periods, respectively.
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‘Fig. 3. Time changes of the vertical distri-
bution of H. akashiwo- when the cells at the light
(L) or at the dark (D) period were transfered to
the light (L-L, D-L) and the dark (L-D, D-D)
conditions. The cells were forced to distribute
homogeneously at the start, and the cell densities
were shown as —, +, —, +, # in accordance with
the density.
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Fig. 4. Growth curves of H. akashiwo under
nutrient limitations of phosphorus and nitrogen.
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Fig. 5. Vertical migration pattern of H.
akashiwo under nutrient limitations of phosphorus
and nitrogen. Solid line indicates the dense posi-
tion, and dotted line represents an indistinct dis-
tribution.
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Fig. 6. Recovery of the vertical migratory behavior of H. akashiwo suppressed by nitrogen

deficiency after the addition of nitrogen at the point shown by a wedge (V).

Symbols, +, +

and —, represent the obvious, indistinct and no vertical migratory behaviors, respectively.
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