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ABSTRACT

Evidence for selective attention in animals depends in part on the observation that
brain responses are associated with a salient stimulus and suppressed for competing
stimuli. However, salience is dynamic, and a previously unattended stimulus may in turn
become salient after a period of time. Thus, a second feature of selective attention is that it
is characterized by a measurable tempo of alternating responsiveness among competing
percepts. Previous analyses of attention-like responses to visual novelty in the Drosophila
brain are extended here to address alternating attention between ongoing, competing
visual stimuli. A simple method for identifying and quantifying such ongoing attention-like
states is outlined, and analysis of data from wild-type and dunce animals revealed a
distinct temporal structure of alternations (an attention span) in these strains. In addition
to providing insight into attention-like states of Drosophila variants, this method can also
be applied to other insects to infer alternation dynamics in a variety of brains.

In a recent paper, | presented novel approaches to studying selective attention in the
fruit fly, Drosophila melanogaster.! These included electrophysiological measures of brain
responses to competing visual stimuli as well as a behavioral paradigm of flies walking
through a choice maze while responding to visual stimuli.2 In the brain recording
preparation, local field potential (LFP) activity in the 20 30 Hz range was found to be
transiently associated with novel images and suppressed for competing, non-novel images.
The selective brain response to novel images lasted on average 9 12 seconds in wild-type
flies, or about 3 4 exposures (cycles) of the two image choices rotating around the flies at
0.33 Hz. In the memory mutants dunce and rutabaga, brain responses were defective, both
in their timing and in the LFP frequency range at which responses were most evident, and
these defects were associated with decreased behavioral plasticity.

In this addendum, | examine more closely ongoing alternations of stimulus selection
and suppression in the fly brain. The transient, selective response to novelty, summarized
above, suggested that flies were attending to one object at a time (between two competing
visuals, a cross and a box, 180 apart (Fig. 1A and B). However, attention should, in
principle be an ongoing process, independent of experimentally-imposed effects such
as novelty. In the novelty experiments, | noticed that immediately following a selective
response (to the novel object) wild-type flies appeared to alternate to a selective response
of the other competing object (see Fig. 2A, 12 155, and Fig. S1A, 9 125 in ref. 1).
This suggested alternating salience between the competing objects. As noted early on
for humans, selective attention would by its unitary nature make such alternations
inevitable: unattended percepts become salient again, thereby creating an ongoing tempo
of perceptual shifts, as seen in human responses to bistable images.* Such ongoing
alternations should be quantifiable for fly brain activity.

The tempo of attention alternations (the when and how often ) is likely to be
variable among different individuals. Following a novelty effect, all flies on average
responded similarly for a comparable time (9 12 s) up to their first alternation. After
that, individual differences in timing do not make such averaging techniques informative.
To examine whether salience alternations were indeed occurring without imposed novelty
effects, a different approach was necessary. Seven wild-type flies were exposed to 400 s
(~130 cycles) of continuous, simultaneous cross-box presentation (Fig. 1A and B), where
each object was sweeping in front of the fly exactly half the time. Power in the 20 30 Hz
range was summed for the time either object was in the front half (relative to the fly) of its
rotation, for every full cycle of the repeating 3 s panorama. The ratio of 20 30 Hz power
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