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Abstract: Bioconvection occurring in suspensions of the negatively-gravitactic unicellular protists
can contribute to gravitational biology and future space research as an experimental tool for
clarifying the possibility that gravity allows the emergence of novel properties of biological
systems through collective interactions between the individual components. Although the
suspension depth and the cell density are basic parameters for bioconvective pattern formation, the
investigations of bioconvection of the flagellate Chlamydomonas have not so far fully described
the effects of these parameters on the pattern transition phenomenon, i.e., a spontaneous and
sudden decrease in pattern size of the steady-state bioconvection, which is peculiar to
Chlamydomonas and has not been observed in other protists such as Tetrahymena. We study the
depth- and the density-dependence of bioconvective behavior of Chlamydomonas reinhardtii,
particularly of the pattern transition phenomenon. Striking differences in pattern size, morphology
and stability were observed between the lower- (1 x 10° cells/ml) and the higher-density (5 and 10
x 10° cells/ml) suspensions. The effects of depth still remain unclear and further analyses are
required. In the shallow, lower-density suspensions (2 mm; 1 x 10° cells/ml), a peculiar, sometimes
non-uniform “pox” pattern was repeatedly observed, which we had not seen previously. The “pox”
broke down to form ripple-like fronts, and then the star-shaped patterns followed. Preliminary
measurements showed little difference in the aggregation size between the “pox” and the “stars.”
This fact obliges us to reconsider what the pattern transition is: the essence might be the
spontaneous breakdown and the subsequent reconstruction of the patterns, and not a mere decrease
in pattern size.
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Fig. 1. Analysis of pattern transition. Time course of changes in bioconvective patterns is shown as

the space-time plot (A) and dominant wavenumber obtained by the 2D-FFT analysis (B). Periods

of Phases | and Il were determined by the changes in the dominant wavenumber (B) as well as the

morphology of the patterns (C). Suspension depth: 4 mm: cell density: 10 x 10° cells/ml.
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Fig. 2. Dominant wavenumber of Phases | and Il (A) and the duration of Phase | (B) of the

bioconvection patterns plotted against cell density. The duration is used as an index of the pattern

stability.

Fig. 3. Arepresentative sample of the bioconvection pattern transition which shows the breakdown

of the “pox” pattern. Suspension depth: 2 mm; cell density: 1 x 10° cells/ml; scale bar: 10 mm.
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