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Supplementary Figure 1. Extreme conformation for the first three principal components of the principal component analysis performed on the deformation-fields (raw shape data) obtained from the diffeomorphometric shape analysis. Three-dimensional renderings corresponding to the maximum (above) and minimum (below) of (a) PC1, (b) PC2, (c) PC3, and (d) PC4. Deformations from the sample mean shape are coded as pseudocolors with red and blue corresponding to maximal (0.5 mm) and no deformation from the average, respectively. Extreme conformations can be reproduced based on the code and files provided in Supplementary Code 1 and Supplementary Data 3.


[image: ]Supplementary Figure 2. Bivariate scatterplots of a principal component analysis performed on the deformation-fields (raw shape data) obtained from the diffeomorphometric analysis of semicircular canals and as shown in Figure 2. (a) PC2 vs. PC1; (b) PC4 vs. PC3. Group coloring as in Figure 2. Symbols’ fillings remark on the sex of the included individuals: red = female; black = male; empty = indeterminate/non-sexed juvenile. Sex was extracted from the literature1-12 or from the collection metadada (see Supplementary Data 2). Please note the absence of sex-related patterns of shape variation occurring the morphospace based on the available information for the analyzed individuals. Source data for this figure can be reproduced using the code and files provided in Supplementary Code 1 and Supplementary Data 3
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[bookmark: _Hlk174182743]Supplementary Figure 3. Effect of computed tomography scan type (medical CT vs. µCT) on the patterns of morphological diversity. The analyses shown in Figure 4 have been repeated to test whether CT scan type and differences in voxel size might affect the amount of disparity observed for the analyzed taxa. The assessment was performed by replacing the µCT scans of modern humans (F01, F03, F04, F05, F06) with standard CT scans available for the same specimens12. Group sizes remained the same (i.e., Sima de los Huesos, n = 13; Krapina, n = 10; late Neanderthals, n = 9; modern humans n = 20). Given that other scans were not available for fossil specimens, the voxel size of one individual of late Neanderthals (La Ferrassie 2; new voxel size = 0.156x0.156x0.4 mm), Sima de los Huesos (Cr6; new voxel size = 0.05 mm), and Krapina (Krapina 38.20; new voxel size = 0.156x0.156x0.4 mm) was modified in ImageJ13 by downscaling or upscaling the original scan. The observed patterns of morphological diversity (a-c) are almost identical to those shown in Figure 4, thus allowing us to rule out the role of voxel size and CT scan type in the observed shape diversity. We also computed natural logarithm of the centroid size (d) for the aforementioned specimens (red dots). The newly segmented specimens fall within the group ranges and thus demonstrate how differences in voxel size or scan type are not the source of the observed range of variation in semicircular canal and vestibule size. Source data for this figure can be reproduced using the code and files provided in Supplementary Code 1 and Supplementary Data 3.




[image: ]Supplementary Figure 4. To assess the influence of (a) segmentation and (b) alignment protocols, we performed two separate tests. (a) The segmentation-related errors in our analysis we inspected by segmenting three times (with intervals between the replicates) four individuals (one modern extant human [F01], one Krapina Neanderthal [Krapina 39.3], one Late Pleistocene Neanderthal [Amud 7], and a Sima de los Huesos human [Cr.3]). The specimens were selected due to their different state of conservation (Amud 7, Cr.3, and Krapina 39.3 showing abundant sediment in the bony labyrinth cavities, whereas F01’s inner ear was free of any inclusion) and/or different scanning parameters (F01 and Amud 7 being microCTs, whereas Cr.3 and Krapina 39.3 were scanned using a medical CT scan). The segmentation repetitions were performed by the same author (A.U.) on separate days with an interval of a week between each attempt to ensure the independence of the segmentation attempts. (b) The effect of the initial position of the 3D model during the alignment procedure was tested by performing the alignment several times starting from different initial positions in space and applying our alignment protocol (see Materials and Methods section). For both tests, the replicates were inspected by means of a PCA performed on the shape data obtained from a DMorph analysis. The results show that regardless of the initial conditions for the scans, the error associated with the segmentation (computed as the average of the Euclidean distances between the replicates in PC1-3, 98.8% and 99.9% of variance, respectively) was always ≤ 2% than the average interindividual distance. Hence, we can rule out a significant effect of segmentation or alignment in the current DMorph shape analyses. Source data for this figure can be reproduced using the code and files provided in Supplementary Code 1 and Supplementary Data 3.
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[bookmark: _Hlk185345998][bookmark: _Hlk173851061][bookmark: _Hlk173851082][bookmark: _Hlk185339254][bookmark: _Hlk185339266][bookmark: _Hlk185339600][bookmark: _Hlk185339285][bookmark: _Hlk185337258][bookmark: _Hlk185339378]Supplementary Table 1. Results of morphological variance, disparity, and pair-wise Euclidean distance analyses considering group rarefaction. Mean morphological variance, disparity, and pair-wise Euclidean distance for the bootstrapped PC scores (PC1-19) of each group. Group differences were tested by means of Wilcoxon test performed on the bootstrapped distributions, using Bonferroni’s adjustment. Differences were significant (p < 0.001) for all the group pairs considered. Rarefaction was set to the minimum group size of 9 individuals of late Neanderthals. The metrics were computed using the code and files provided in Supplementary Code 1 and Supplementary Data 3.
	
	Sima de los Huesos
	Krapina
	Late Neanderthals
	Modern humans

	Morphological variance
	0.920
	0.969
	0.8
	0.912

	Morphological disparity
	3.832
	3.979
	3.751
	3.798

	Pair-wise Euclidean distance
	5.580
	5.696
	5.337
	5.590
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