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	Supplementary Figure 1

	Qualitative analyses of Z-Brain registration accuracy.

	A) Images of the post-registration positioning of Hcrt and Qrfp expressing cells in the hypothalamus from 15 different Tg(Hcrt:RFP);Tg(Qrfp:GFP)48 double transgenic fish, and the mean-signal across all fish, highlighting the tight overlap of cell-occupied territories across fish and the differential territories of these adjacent cell types. Images are maximum intensity z-projections over the 21 slices (42um) B) Examples of the staining patterns of 14 different labels in the tectal neuropil, revealing clear and distinct banding patterns. Images are all from the same x-plane in the Z-Brain C) Convergence of multiple markers labeling Mauthner cell (MC) circuitry in the Z-Brain. Spinal backfills and Tg(S1181t:Gal4; uas:Kaede)51 label the Mautner cell soma and axon. Tg(-6.7FRHcrtR:Gal4);Tg(uasKaede)37 and anti-Znp1 label the MC axon cap (AxC), and anti-Glycine receptor labels the surface of the MC. Images are all from the same z-plane in the Z-Brain. Scale bars represent 50um. 
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	Supplementary Figure 2

	Examples of the successful registration of brains imaged pre-fixation and post-fixation.

	Tg(Elavl3:GCaMP5G)2 fish were imaged live by 2-photon microscopy to record calcium activity. Fish were then fixed, and immunostained for pERK and tERK (not shown), and the Tg(Elavl3:GCaMP5G) transgene was re-imaged by confocal microscopy. The post-fixation image data was then registered into the anatomical stack acquired during live imaging using CMTK, and the imaging slice was re-identified using 3D cross correlation analysis. This resulted in cellular resolution overlap between the pre-and post fixation data. Shown are examples from two different fish. 
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	Supplementary Figure 3

	Discriminability and cell type promiscuity of the pERK indicator.

	A) The Reciever Operator Characteristic plots for 4 different fish, comparing the ability of pERK to discriminate between true and false positives, where a ROI with > 30 seconds of detected Ca2+ activity is considered to be true positive and an active cell. Strong leftward deviation from the diagonal line indicates good discriminability in all four fish analyzed. B) The area under the ROC curve (AUC) yields a number between 0 – 1, representing the probability that the pERK will be higher in a randomly chosen active neuron than in a randomly chosen silent neuron. By plotting the AUC as a function of the threshold of required activity observed during Ca2+ imaging to classify a cell as ‘active’, we see that the AUC increases as we increase this stringency on activity, with values of nearly chance (0.5) for very low levels of detected activity (<1sec), while after 10 and 30 seconds of activity we see values of ~0.7 and ~0.8, and we observe perfect discrimination in Fish 2 at the 41 second activity threshold, indicating that the discriminability of the pERK indicator increases with increasing levels of activity. C) Examples of Tg(Vglut2a:GFP)64 positive (arrows) and negative (arrowheads) cells exhibiting high pERK levels in the Habenula (Hab) and Telencephalon (Tel). D) Examples of a Tg(Glyt2:GFP)53 positive (arrow) and negative (arrowhead) cell exhibiting high pERK levels in the hindbrain. 
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	Supplementary Figure 4

	Virtual co-localization of Z-Brain labels and hunting and feeding induced activity.

	A) MAP-Map activity induced by exposure to paramecia (Fig 4i) is present in the vicinity of the nucleus of the medial longitudinal fascicle (nucMLF), which partially overlaps with the MeL neurons and surrounding neuropil anterior (arrowheads) and posterior (arrows) to the cells. B) Strong activation of the area postrema, virtually overlapping with the noradrenergic neurons labeled by both Tg(etVmat2:GFP)52 and anti-TH Z-Brain labels. C) Suppressive signals in the dorsal-caudal hindbrain (dcHB) overlapped with two stripes of neurons labeled by Tg(Glyt2:GFP)53, which are referred to as Stripe 2 and Stripe 3 in the Z-Brain. Scale bars represent 50um.
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	Supplementary Figure 5

	Independent components retrieved from the analysis of 820 fish.

	Shown are the Z and X maximum intensity projections of the z-score values of the 30 independent components, linearly mapped between z-score values of 1-5. Green and magenta colours represent positive and negative loadings of the independent component signals. 
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