








Fig. S3. Number of spikes recorded for each TSDN type differs among animals. This variation in number of spikes is not likely to be due to recording quality
because we have observed recordings with large spikes, stable over prolonged periods but few in number. Although we have found that poor animal health is
correlated with a low success in recording TSDNs for prolonged periods, we have also observed strong healthy animals responding with low number of spikes.
Thus, on its own, animal health cannot explain spike number variance. It is most likely that the variance in spike numbers arise from differences in the state of
the animal. In addition, because these animals are immobilized for the experiment, the lack of appropriate movement and feedback signals may impact some
specimens more strongly.

Fig. S4. TSDNs tuning width and looming sensitivity. (A) The tuning width of the TSDNs tuning curves, i.e., one-half the maximum width at one-half the
maximum height (i), were calculated using the MATLAB toolbox published by Cronin et al. (1). This toolbox uses a Bayesian method to fit the data and estimate
the tuning parameters. (ii) Analysis output example showing data points (grouped into 10° bins) from one MDT1 cell (black dots), mean fit (red), and the
posterior samples (gray). (iii) The results show that the tuning widths varied significantly between TSDN types. (B) A linearly expanding stimulus consisting of
a target which grew in diameter from 1.35 to 31.86° in 158 ms was presented in three different locations of the screen. This expanding stimulus only elicited
a significant number of spikes at the contralateral (P = 0.006, n = 5) and midline (P = 0.004, n = 7) locations of DIT3 (asterisk). One-sample t test was used to test
statistical significance.

1. Cronin B, Stevenson IH, Sur M, Körding KP (2010) Hierarchical Bayesian modeling and Markov chain Monte Carlo sampling for tuning-curve analysis. J Neurophysiol 103(1):591–602.
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Fig. S5. For two TSDN types, DIT1 and MDT1, the characteristics of five of the contributing cells are shown. Number of spikes are plotted according to the
direction of the target that elicited them (polar plot) and to the location where the target was, after taking into account the appropriate latency (spike-
triggered average map). The receptive fields and direction preferences of the cells are constant across specimens, but their spike numbers are not. The scale for
each STA notes the number of spikes at each pixel.

Fig. S6. The dragonfly was immobilized, with the eye pointing at the backprojected screen with the angles shown in the graph.
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Fig. S7. In Libellulids, three TSDN types travel through a different track in the thoracic ganglia. (A) After injecting Lucifer yellow into the TSDN just above the
mesothoracic ganglion, the central nervous system was dissected out and the ganglia imaged (prothoracic ganglion shown inside box). (B–D) (Top) Dorsal
maximum-intensity projection showing TSDNs branching in the prothoracic ganglion. The eight middle and bottom panels show optical cross-sections through
the prothoracic ganglion, each containing the fluorescence profile of a different TSDN type. Although we found homologous TSDNs between L. luctuosa and
A. junius, we also found consistent differences between them. In the prothoracic ganglion of L. luctuosa, the axons of MDT3, MDT2, and MDT4 are found in the
DIT track (B). Thus, MDT1 and MDT5 are the only two TSDNs found in the MDT track (C). All three DIT cells travel in the DIT track (D). The white arrows point at
TSDN axons in cross-section. Due to the certainty of homology between Libellulid and Aeshnid TSDNs, and to avoid potential confusion in future comparisons,
we followed the original naming system (1).

1. Olberg RM (1986) Identified target-selective visual interneurons descending from the dragonfly brain. J Comp Physiol A Neuroethol Sens Neural Behav Physiol 159(6):827–840.
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Fig. S8. MDT3 in the Libellulid L. lydia also travels through an alternative track. (A) Tracing of the brain fill showing the T shape characteristic of the MDT3
profile. (B) MIP projection of the neuron in the mesothoracic and metathoracic ganglia, showing the morphology typical of MDT3. (C) Cross-section of the
prothoracic ganglion showing the axon traveling in the DIT track.
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Fig. S9. Several cells are needed for a population vector to code equally well in all directions. The polar plots (Left) and linear plots (Right) both show the same
information. (A) A single cell with a 45° tuning width does not provide full coverage for the detection of a target’s direction (shown as areas of no in-
formation). In addition, only when the target travels in the preferred cell direction (100% cell activity, which equals to the maximum number of spikes) is the
direction of the target coded without ambiguity. For every other direction covered by the tuning curve, the cell activity would code for two possible, opposing,
directions. (B) Adding a second cell that displays a preferred direction shifted by 90°, decreases the number of directions where a target movement is not
coded. In addition, ambiguity in the coding is now reduced. For example, both cells would need to spike at 50% of their maximum activity to code for a target
moving with a 225° direction. If only cell 1 spikes at 50% and cell 2 remains silent, the target would be moving at 135°. The opposite ratio (cell 1 = 0%; cell 2 =
100%) would code for a target direction at 315°. Adding more cells would increase the ability of the system to code target direction more precisely.
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