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RO ALATZ.
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TMMELY R ab—a rw2fTo7z. [BISRIE - MERTI e9 2 B & Bom e £ 5 0I5Bk L TR T
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LIeEER VL LIEET VAR LT 2 To7c L 25, RROMRESL. ZO/KRPL, NTOBEHK
AFII IR 2 FEE 3 2 IR RIS 28T 2 Z & T, BESHETEHEEZ &0 RMITEREEZHT L &L O
MEEHL TWDZ LRbroTe.
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LaE NI TE.
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Appropriate and robust behavioral control in a noisy environment is important for the survival of
most organisms. To address a neural basis of robust behavioral control in the natural
environment, I focused on the motion perception in Drosophila melanogaster. First, to reveal how
the fly brain processes a noisy wide-field motion stimulus and guarantees robust reactions, I
measured and compared the optomotor response (OMR) and the activity of motion sensitive
neurons, horizontal system (HS) cells, with in vivo whole-cell patch clamp recordings at various
levels of noise intensity. I found that flies had a robust sensation of motion direction under noisy
conditions, while membrane potential changes of HS cells were not correlated with behavioral
responses. By applying signal classification theory to the distributions of HS cell responses,
however, I found that motion direction under noise can be clearly discriminated by HS cells, and
that this discrimination performance was quantitatively similar to that of OMR. Furthermore, I
successfully reproduced HS cell activity in response to noisy motion stimuli with a local motion
detector model including a spatial filter and threshold function. Second, to reveal how ego-motion
is encoded by the bilateral network of the neurons, I constructed an accurate model of the neural
network and simulated its activity. By performing principal component analysis (PCA) on the
population activities of simulated neurons, I showed that the two orthogonal patterns of correlated
population activities given by the first two principal components represent the in-phase and
out-of-phase motions, respectively, and the population activity is more sensitive to the in-phase
motion stimuli. Furthermore, I found that these population-coding properties are strongly
influenced by the interhemispheric electrical coupling. Finally, by reproducing these
population-coding properties with a reduced model, I verified that the numerical results are not
specific to the network model. From these two studies I found that the robust motion perception
emerges from an early stage of visual system prior to the bilateral network and the network more

efficiently encodes a rotational ego-motion than translational one by binocular integration.
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