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Figure 4 Supplement 2: Mean turn speed is also dynamic and well-predicted by the combination of novelty
and offset responses. Experimental population mean angular speed given turning estimated with a sliding 0.25s
window (grey line) and bootstrapped error (grey shading) (see Materials and Methods) for all 45 fictive odor
environments as well as model predictions (pink) and simulated error (pink shading) using Equation 3 and fit with one
fixed set of parameters to all 45 environments using Maximum Likelihood Estimation (see Materials and Methods),
and using timescales for . and /++ responses extracted from the turn rate parameter estimates. Angular speed
given turning is dynamic and reasonably well-approximated by the model. To generate model predictions and error,
artificial turns were simulated occurring at the same times as the real turns. The speed of these turns in excess of the
25 deg/s threshold was sampled from a gamma distribution with time varying mean, given by Equation 3. Average
turn speed on this simulated data was then calculated with the same sliding 0.25s window. We repeated this process
10000 times, taking the mean of all these as the model turn angular speed and the standard deviation as the model
error. For more details see Materials and Methods. Ns are the same as in Figure 4 Supplement 1.
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Figure 4 Supplement 3: Mean turn duration is roughly constant in time for high frequency environments
but shows a small signal dependency for low frequency long duration signal: Mean turn duration (grey) and
estimated error (grey shading) vs. time for all 45 environments considered as well as the MLE estimate of a
constant duration (pink line) and uncertainty (pink shading) (see Materials and Methods). We do see some signal
modulation of turn duration, particularly at lower frequencies and often see an increase in turn duration at the
offset of the ON block. However, the strength of this modulation is rather mild overall and the response at block
offset is somewhat unpredictable and not well fit with the off response timescales found for turn rate. Thus, to keep
our model as simple as possible we neglected modulations in turn duration. To generate model predictions and
error, artificial turns were simulated occurring at the same times as the real turns. The duration of these turns in
excess of the 0.18s threshold was sampled from an exponential distribution with fixed parameter. Average turn
speed on this simulated data was then calculated with the same sliding 0.25s window. We repeated this process
10000 times, taking the mean of all these as the model turn duration and the standard deviation as the model
error. For more details see Materials and Methods. Ns are the same as in Figure 4 Supplement 1.
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Figure 5 Supplement 1: Turn bias is dynamic and well approximated by a two-timescale integrator with an
instantaneous rise timescale. Probability to turn upwind given turning (i.e. upwind bias) vs time (grey) and
estimated error (grey shading) for all 45 fictive odor environments along with model predictions (purple) and
estimated error (purple shading) for a two-timescale integrating response (Equations 8-9) with instantaneous rise
timescale and finite decay timescale (see Materials and Methods). Upwind bias was estimated by calculating the
fraction of turns that were upwind in a sliding 0.25s window. We see that upwind bias generally rises during signal
presence and otherwise is slightly less than 0.5, suggesting that in the absence of signal flies display a preference
for downwind orientation. To generate model predictions and error, artificial turns were simulated occurring at the
same times as the real turns, with the same initial orientations. The direction of these turns (upwind or downwind)
was assigned according to the probability given by the time varying bias, Equation 4. Turn bias on this simulated
data was then calculated with the same sliding 0.25s window. We repeated this process 10000 times, taking the
mean of all these as the model turn bias and the standard deviation as the model error. For more details see
Materials and Methods. N = 8-103 turn events per time point for all 45 environments.
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