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Changes in the phototactic behavior of
Chlamydomonas reinhardtii resulting from the

integration of past light stimuli
Organisms such as Chlamydomonas reinhardtii use phototaxis to explore their environment and find the best
conditions for photosynthesis. In our work, we study the phototactic behavior of suspensions of C. reinhardtii
confined within shallow cylindrical wells, and exposed to directional light stimuli of various intensities. We
recover known results: at low light intensities, the algae exhibit positive phototaxis, at high light intensities,
negative phototaxis and at intermediate light intensities, we find that the behavior depends on past phototactic
stimuli, in a way that is the opposite of an adaptive behavior [1], [2] and [3].

It is known that cells adapt to previous stimuli, and that stimulating C. reinhardtii multiple times with an
identical high light intensity leads to different responses; the first stimulus leads to negative phototaxis, while
after several stimuli, the algae exhibit positive phototaxis, as if they sensed a lower stimulus [4] and [5]. In
our experiments at intermediate light intensities, we highlight a behavior that is the opposite of adaptation:
cells integrate the signal over time. Applying the same stimulus twice at a couple minutes interval leads to
a change in phototactic response, from positive phototaxis to negative phototaxis, such that the response to
the second stimulus is the same as if the light was of higher intensity. Waiting a couple hours between the
experiments allows to recover the original positive phototactic behavior. A simplified model of phototaxis
is introduced, where the time-integration of light stimuli results from the interplay between the underlying
biological time scales and the time scales of the light stimuli. The outcome of the model captures qualitatively
our experimental results.
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