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            Abstract
Besides Homo erectus (sensu lato), the eastern African fossil record of early Homo has been interpreted as representing either a single variable species, Homo habilis1, or two species2,3,4,5,6. In the latter case, however, there is no consensus over the respective groupings, and which of the two includes OH 7, the 1.8-million-year-old H. habilis holotype7. This partial skull and hand from Olduvai Gorge remains pivotal to evaluating the early evolution of the Homo lineage, and by priority names one or other of the two taxa. However, the distorted preservation of the diagnostically important OH 7 mandible has hindered attempts to compare this specimen with other fossils8,9. Here we present a virtual reconstruction of the OH 7 mandible, and compare it to other early Homo fossils. The reconstructed mandible is remarkably primitive, with a long and narrow dental arcade more similar to Australopithecus afarensis than to the derived parabolic arcades of Homo sapiens or H. erectus. We find that this shape variability is not consistent with a single species of early Homo. Importantly, the jaw morphology of OH 7 is incompatible with fossils assigned to Homo rudolfensis8 and with the A.L. 666-1 Homo maxilla. The latter is morphologically more derived than OH 7 but 500,000Â years older10, suggesting that the H. habilis lineage originated before 2.3 million years ago, thus marking deep-rooted species diversity in the genus Homo. We also reconstructed the parietal bones of OH 7 and estimated its endocranial volume. At between 729 and 824Â ml it is larger than any previously published value, and emphasizes the near-complete overlap in brain size among species of early Homo. Our results clarify the H. habilis hypodigm, but raise questions about its phylogenetic relationships. Differences between species of early Homo appear to be characterized more by gnathic diversity than by differences in brain size, which was highly variable within all taxa.
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                    Figure 1: CT-based visualization of the OH 7 mandible.


Figure 2: Analysis of the OH 7 jaw.


Figure 3: Reconstruction and analysis of the OH 7 parietals.
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Extended data figures and tables

Extended Data Figure 1 Reconstruction of the OH 7 mandible.
aâ€“e, As preserved in occlusal view (a), left lateral view (b), inferior view (c), without the right corpus, showing the matrix fill (d), without the right corpus, matrix and dentition (e). f, Reconstruction in left lateral view without the right corpus. g, Occlusal view of corpus only. hâ€“j, Full reconstruction in anterior view (h), posterior view (i) and occlusal view (j). kâ€“m, Reconstruction using the mirror-imaged left corpus in anterior view (k), posterior view (l) and occlusal view (m). Parts are colour-coded as described in the Supplementary Methods. Scale bar is 2Â cm.


Extended Data Figure 2 The OH 7 anterior corpus and landmarks of the dental arcade.
a, Coronal CT section of the anterior corpus showing, from left to right, the roots of the left C to the right I2, as well as the course of the irregular transverse fracture marked by white dots. bâ€“d, Labiolingual CT sections through the left C (b), I2 (c) and I1 (d). All three show the fracture, and b shows the open C root and closed apical alveolar wall. e, Anterior corpus as preserved (red) compared with a copy mirror-imaged across the midsagittal plane used for the reconstruction (cyan). The canine alveoli and the anterior symphyseal surface of both sides match well, indicating a lack of overall plastic deformation. The plastically deformed interalveolar septa of the incisors reflect the dislocation of these teeth. Scale bar for aâ€“e is 1Â cm. f, g, Right maxilla (f) and mandible (g) of a modern human, showing the landmark positions. Full data sets include both sides of the arcade. Blue and red landmarks were taken from the specimens. The green landmarks were obtained by averaging pairs of red ones, and these were analysed with the blue ones to represent the arcade from left to right M2 (wireframe).


Extended Data Figure 3 The reconstructed OH 7 mandible.
aâ€“c, Reconstruction using the right corpus in occlusal (a), anterior (b) and posterior (c) view. dâ€“f, Reconstruction on the basis of mirror-imaged left corpus in occlusal (d), anterior (e) and posterior (f) view. g, h, Reconstruction without right corpus in left lateral view (g) and left medial view (h). The hole visible on the lingual crown face of the left M2 was made to sample tooth enamel for isotope studies51. Scale bar is 2Â cm.


Extended Data Figure 4 Shape analysis of mandibular and maxillary dental arcades.
Group colour codes as in Fig. 2. aâ€“d, Principal component analysis showing plots of mandibular dental arcade (a, PC 1 and PC 2; b, PC 1 and PC 3), and maxillary dental arcade (c, PC 1 and PC 2; d, PC 1 and PC 3). The convex hulls of the extant samples are given, with late juveniles shown as open circles. Wireframes show the shape changes associated with the respective PC axes three standard deviations away from the mean. e, Superimposed mean shapes of late juveniles (black) and adults (group colour); maxillary (left) and mandibular (right) dental arcade of Gorilla gorilla, Pan troglodytes and Homo sapiens. f, Pairwise Procrustes distances between the nine different maxillary reconstructions of OH 7 and other early Homo maxillae: eight statistical predictions are plotted in the colour of the reference species, one occlusal prediction (purple). Frequency plots of the Procrustes distances between all possible individual pairs within (group colour) and between groups (grey); lines represent the 5% limits and 95% limits of these distributions, respectively.


Extended Data Figure 5 Shape analysis of mandibular and maxillary dental arcades.
a, Frequency plot of the maxillary shape differences between all pairs within extant groups (colours as in Fig. 2) and within the pooled sample of early Homo fossils (black solid lines using statistical predictions of the OH 7 maxilla, dotted line using the occlusal prediction). bâ€“c, Principal component analyses showing plots of the mandibular (b) and maxillary (c) dental arcades. Recent Homo sapiens are plotted in blue; late juveniles are shown as open circles. Wireframes show the shape changes associated with the respective principal component axes three standard deviations away from the mean. The red and open circles represent the two alternative mandibular reconstructions of OH 7 (b), and the respective statistical predictions of the maxillary dental arcade (c). The OH 7 reconstruction of the maxillary dental arcade based on occlusion is plotted in purple (c).


Extended Data Figure 6 Comparisons of OH 7 mandible.
aâ€“f, Occlusal view of KNM-ER 1802 (a), OH 7 (b), OH 7 maxillary dental arcade (occlusal prediction) (c), A.L 400-1 (d), KNM-ER 1482 (e) and D211 (f). g, Midsagittal CT sections of the symphyses of OH 7 (left) and KNM-ER 1802 (right) showing similar ovoid cross-sectional shapes. h, Left lateral view of KNM-ER 1470 and OH 7, aligning the reliably identifiable M1 crown position with the corresponding part of the OH 7 row. For C to P4 lines link alveolar margins and corresponding crown position along the OH 7 row. i, Anterior view aligning KNM-ER 1470 and OH 7 by their midsagittal plane. KNM-ER 1470 is marked by a shorter C-M1 row, and a non-projecting anterior row but a wider dental arcade, shown by the position of its left M1 alveolus well lateral to the corresponding part of OH 7. Scale bar is 3Â cm.


Extended Data Figure 7 Allometry and dental arcade shape.
aâ€“d, Principal component analysis in Procrustes form space of mandibular dental arcade (a, PC 1 and PC 2; b, PC 1 and PC 3) and maxillary dental arcade (c, PC 1 and PC 2; d, PC 1 and PC 3). Colour codes as in Fig. 2. A multivariate regression model was used to assess the covariation of dental arcade shape with size (log centroid size) within extant groups. eâ€“l, Wireframes show shape predictions for smallest (black) and largest (group colour) centroid size for upper (eâ€“h) and lower (iâ€“l) jaw of H. sapiens (e, i), P. troglodytes (f, j), G. gorilla (g, k) and Pongo (h, l). The allometric effects of jaw size on arcade shape are negligible.


Extended Data Figure 8 Wireframes of maxillary dental arcades.
a, Predicted OH 7 maxillary arcade, based on dental occlusion. b, c, Statistical predictions for OH 7 maxilla based on two alternative mandibular reconstructions using a regression model based on all extant species. d, Three maxillary predictions of OH 7 (aâ€“c) superimposed. eâ€“l, Statistical predictions of OH 7 maxillary dental arcade based on separate regression models for each extant species (applied to two alternative reconstructions of the OH 7 mandible). e, i, H. sapiens; f, j, P. troglodytes; g, k, G. gorilla; h, l, Pongo sp. m, All predictions of the OH 7 maxillary dental arcade superimposed.


Extended Data Figure 9 Reconstruction uncertainty of the maxillary dental arcade.
a, For every extant specimen we predicted the shape of the maxillary arcade from the mandibular landmarks using a multivariate regression model. Arrows show the difference between the actual and the predicted maxilla in the space of the first two principal components. Colour codes as in Fig. 2. b, Box and whisker chart of the Procrustes distances between original and predicted maxillae in the context of the pairwise Procrustes distances within extant groups. Shape differences between original and prediction are usually much smaller than typical within-group shape differences. Even the five outliers with the largest â€˜reconstruction errorsâ€™ fall well within the range of shape differences within groups. câ€“f, Representative examples of the actual (black) versus predicted (group colour) maxilla wireframes, given for one individual each of: c, Homo sapiens; d, Pan troglodytes; e, Gorilla gorilla; f, Pongo sp. These predictions use a regression model based on all extant species together.


Extended Data Figure 10 OH 7 parietal reconstructions and ECV estimation.
a, b, Left and right parietals, with bregma (br), lambda (la) and asterion (ast) indicated. Dashed lines demarcate pieces that were realigned for the second reconstruction. The transparent part of right parietal represents the current, incorrect alignment, corrected for both reconstructions. c, First anatomical reconstruction in (left to right) superior, anterior and posterior view, combining the left and right side without realignment of smaller parts (mirror-imaged pieces in darker shade). d, Second anatomical reconstruction in (left to right) superior, anterior and posterior view, based on additional realignment of smaller parts. e, Endocranial (semi-)landmarks quantifying parietal form. Scale bar, 5Â cm. f, Regression-based ECV estimates plotted against actual values; grey line indicates perfect match between predicted and actual ECVs; group colours as in Fig. 3 and fossils in black. g, Predicted ECVs from TPS reconstructions plotted against actual values.
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        Editorial Summary
Digital makeover for Homo habilis
The 4 April 1964 issue of Nature featured fossils of a partial skull and a hand of the then earliest known member of the genus Homo. The 1.8-million-year-old fossils, from Olduvai Gorge in Tanzania, were catalogued as Olduvai Hominid 7 (OH 7) and the specimen was formally named Homo habilis or 'handy man'. The challenge in the intervening years has been to work out which other fossils also belong to Homo habilis, a task complicated by the distortion of the OH 7 mandible which disguises its original shape. Now the mandible and vault bones of OH 7 have been subjected to state-of-the-art virtual reconstruction, using computed tomography and 3D imaging technology to realign the broken parts. The Homo habilis type emerges in a new light, combining a primitive jaw shape, resembling that of Australopithecus afarensis ('Lucy'), with a brain as large as that of early Homo erectus. This new evidence indicates that multiple evolutionary lineages of the genus Homo existed well before 2 million years ago.
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