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            Abstract
A hominin third metatarsal discovered in 2007 in Callao Cave (Northern Luzon, the Philippines) and dated to 67 thousand years ago provided the earliest direct evidence of a human presence in the Philippines. Analysis of this foot bone suggested that it belonged to the genus Homo, but to which species was unclear. Here we report the discovery of twelve additional hominin elements that represent at least three individuals that were found in the same stratigraphic layer of Callao Cave as the previously discovered metatarsal. These specimens display a combination of primitive and derived morphological features that is different from the combination of features found in other species in the genus Homo (including Homo floresiensis and Homo sapiens) and warrants their attribution to a new species, which we name Homo luzonensis. The presence of another and previously unknown hominin species east of the Wallace Line during the Late Pleistocene epoch underscores the importance of island Southeast Asia in the evolution of the genus Homo.
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                    Fig. 1: Geographical location of Callao Cave.[image: ]


Fig. 2: Fossil remains of H. luzonensis from Late Pleistocene sediments at Callao Cave.[image: ]


Fig. 3: Dental metrics.[image: ]


Fig. 4: Premolar EDJ of H. luzonensis.[image: ]


Fig. 5: Proximal pedal phalanx of H. luzonensis (CCH4).[image: ]
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                Data availability

              
              The data that support the findings of this study are available from the corresponding authors upon reasonable request. Homo luzonensis has been deposited in the ZooBank database (http://zoobank.org/) with Life Science Identifier urn:lsid:zoobank.org:act:4F743862-662F-4E6B-9812-8A05533C1347. The description of the species has been deposited with Life Science identifier urn:lsid:zoobank.org:pub:0E4607F1-1374-4842-B32B-7CE2250807DF.
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Extended data figures and tables

Extended Data Fig. 1 Inventory of the fossil elements attributed to H. luzonensis and detailed views of the dental remains.
a, The hominin fossils recovered from Callao Cave. R, right; L, left; P, premolar; M, molar. b, Three-dimensional rendering of the postcanine maxillary teeth CCH6-b to CCH6-e (M2–P3): occlusal (top row) and buccal (bottom row) aspects. Enamel is shown in dark blue, dentine and cement in light brown and pulp cavity in dark grey. In all views, mesial is to the right, distal to the left. c, CCH6-a, right M3: occlusal, buccal, lingual, mesial and distal aspects (from top to bottom and left to right). Occlusal view: mesial is to the right, distal to the left. d, CCH6-a to CCH6-e, right M3–P3: photograph of occlusal aspect. Mesial is to the right, distal to the left. The numbers indicate the locations of the detailed views of the inter-proximal contact facets (IPCFs): P3 (CCH6-e), mesial IPCF 1: note the small size of this IPCF, indicating that the canine was probably not large; 2–5: note the perfect match between corresponding pairs of mesial (top row) and distal (bottom row, mirrored images) IPCFs, from the P3 (CCH6-e) to the M3 (CCH6-a). e, CCH6-c, right M1: distal aspect, showing the partially fused lingual and disto-buccal roots. Lingual is to the left, buccal to the right. f, CCH8, left P3 or P4, photograph of the original fossil (occlusal view) and three-dimensional rendering: occlusal (top row), buccal (middle row) and mesio-buccal (bottom row) aspects. Enamel is shown in dark blue, dentine and cement in light brown and pulp cavity in dark grey. g, CCH9, right M3: occlusal, buccal, lingual, mesial and distal aspects (from top to bottom and left to right). Occlusal view: mesial is to the right, distal to the left; captures of the three-dimensional surface model. Scale bars, 10 mm (IPCF views in d (1–5) are not to scale); the mirrored image is indicated by an asterisk.


Extended Data Fig. 2 Dental metrics.
a, b, d–f, Bivariate scatter plots for mesio-distal (MD) versus bucco-lingual (BL) diameters of P3 (a), P4 (b), M1 (d), M2 (e) and M3 (f). c, Key for a, b, d–g, j, k. Sample sizes for a, b, d, e, f, respectively: Australopithecus, n = 23, 23, 21, 26, 26; Paranthropus, n = 22, 20, 26, 23, 20; African and European early Homo, n = 23, 19, 37, 21, 17; Asian early Homo, n = 16, 17, 17, 13, 11; H. neanderthalensis, n = 23, 26, 27, 30, 20; H. sapiens, n = 57, 61, 86, 70, 33; H. floresiensis, n = 1, 1, 1, 1, 0; H. luzonensis, n = 2∗, 2∗, 1, 1, 2 (∗CCH8 is a P3 or a P4). A detailed list of specimens can be found in Supplementary Table 4. g–i, bgPCA of the log-shape ratios of bucco-lingual and mesio-distal diameters of four postcanine maxillary teeth (P3, P4, M1 and M2), CCH6 was treated as a supplementary individual and was plotted a posteriori. g, Scatter plot of specimens for bgPC1 versus bgPC2, with convex hulls for all groups, except H. floresiensis and H. luzonensis. Sample sizes: Australopithecus, n = 6; Paranthropus, n = 5; African and European early Homo, n = 13; Asian early Homo, n = 5; H. neanderthalensis, n = 12; H. sapiens, n = 47; H. floresiensis, n = 1; H. luzonensis, n = 1. A detailed list of specimens can be found in Supplementary Table 4. h, Variable scores for bgPC1 versus bgPC2 (correlation circle; log-shape ratios of variables). i, Bar plot of eigenvalues (%) of bgPC1–bgPC5. j, k, Bivariate scatter plot of the summed square root of computed occlusal surface areas of premolars versus molars (j) and bgPCA of the log-shape ratios of bucco-lingual and mesio-distal diameters of four postcanine maxillary teeth (k) similar to the analyses presented in Fig. 3b and in g, respectively, but with ‘Negritos’ treated as a separate group (same sample sizes as in g, except for: H. sapiens, n = 38 and H. sapiens ‘Negritos’, n = 9).


Extended Data Fig. 3 Elliptic Fourier analysis of M1 crown contour.
CCH6-c compared to the holotype of H. floresiensis (LB1) and large samples of archaeological and recent H. sapiens individuals. a, PCA of shape data for all specimens, scatter plot of individual scores for PC1 versus PC2 (see Methods; elliptic Fourier descriptors applied to Procrustes-aligned outlines, ten harmonics included). LGM, Last Glacial Maximum. Sample sizes: H. luzonensis, n = 1; H. floresiensis, n = 2; pre-LGM, n = 2; pre-Neolithic post-LGM, n = 12; Neolithic/post-Neolithic, n = 232; recent ‘Negritos’, n = 19. A detailed list of specimens can be found in Supplementary Table 5. b, Bar plot of eigenvalues (%) of PC1–PC6. c, Extreme shape variations along PC1 and PC2. The scores of H. luzonensis M1 along PC1 and PC2 reflects a crown outline shape that is mesio-distally compressed, but not as much as that of H. floresiensis (two versions of the LB1 right M1). d, Right M1 of the holotype of H. floresiensis LB1 showing the two different versions of the crown outline (see Methods): the original contour (V1; in blue) published in a previous study7, and the contour (V2; in red) drawn by J.C. differ in the compensation of the mesial IPCF. These two versions differ minimally in the results of the elliptic Fourier analysis (see d and h). e, PCA of Fourier descriptors for the means of 16 groups of H. sapiens (sample sizes in brackets, see details in Supplementary Table 5), H. luzonensis CCH6-c and H. floresiensis LB1 (V1 and V2 treated as 2 groups): scatter plot of mean scores for PC1 versus PC2 with a superimposed minimum spanning tree indicating distances between groups. f, Extreme shape variations along PC1 and PC2: H. floresiensis differs from H. luzonensis in having a M1 crown contour shape that is more compressed mesio-distally, with a more developed protocone.


Extended Data Fig. 4 Procrustes analyses of the premolar and molar EDJ.
a, Landmarks placed on the main dentine horns (in red) and semilandmarks (in white) positioned along the marginal ridges of the premolar EDJ. b, Landmarks placed on the main dentine horns (in red) and the semilandmarks (in white) positioned along the marginal ridges and on the oblique crest of the molar EDJ. c, Key for d–i. d–g, PCAs of the three-dimensional landmarks Procrustes-registered shape coordinates of the P3s (d), P4s (e), M1s (f) and M2s (g). h, i, bgPCAs of the three-dimensional landmarks Procrustes-registered shape coordinates of the M1s (h) and M2s (i). Sample sizes for d, e, f and h, and g and i, respectively: H. erectus, n = 2, 3, 5, and 3; H. neanderthalensis, n = 5, 6, 5, and 6; fossil H. sapiens, n = 3, 3, 4, and 3; extant H. sapiens, n = 8, 9, 7, and 9; H. floresiensis, n = 1, 0, 0, and 0; H. luzonensis, n = 2, 2, 1, and 1. A detailed list of specimens can be found in Supplementary Table 6.


Extended Data Fig. 5 CCH2, intermediate manual phalanx of H. luzonensis.
a, Photograph of the original specimen CCH2 in palmar view. b, Three-dimensional rendering of CCH2. From left to right: palmar, lateral, dorsal, medial, distal (top), proximal (bottom), disto-lateral and proximo-lateral aspects. c, Comparison of CCH2 with Pliocene (A.L.333-88), Lower Pleistocene (OH7 (FLK NN-F) and KNM-WT 15000BO), Upper Pleistocene (LB1/48) and recent (PAPO-74-11) intermediate manual phalanges in palmar (top) and side (bottom) views. All specimens are from rays 2–5 of unknown side, except for OH7 (third ray, probably from the right hand of a juvenile individual). Note the unique proximally accentuated beak located on the dorsum of the proximal surface of CCH2. d–f, Relative robusticity of the intermediate manual phalanx CCH2. Box-and-whisker plots depicting the ratio of the interarticular length (IA) and the maximum medio-lateral width of the base (MLbase) (d), the head (MLend) (e) and the midshaft (MLmid) (f). Box, 25–75th percentiles; centre line, median; whiskers, non-outlier range; dots, outliers; dotted line, value for CCH2. AE-eH, African and European early Homo; Aus, Australopithecus; Hf, H. floresiensis; Hl, H. luzonensis; Hna, H. naledi; Hn, H. neanderthalensis; Hs, H. sapiens, Par/eH, Paranthropus/early Homo. n indicates sample size. A detailed list of specimens can be found in Supplementary Table 8. For conservative reasons, taxonomic assignation of hand remains of OH7 and several SKX specimens are considered to be uncertain (see main text and Methods). Scale bars, 10 mm.


Extended Data Fig. 6 Procrustes analyses of the intermediate manual phalanx of H. luzonensis.
CCH2 compared to specimens attributed to Australopithecus (A. afarensis, n = 1; A. africanus, n = 1; A. sediba, n = 2), Paranthropus/early Homo (Swartkrans, Member 1, n = 3; Member 3, n = 2), H. naledi (Hand 1, n = 2), H. floresiensis (LB1/48 and LB6/9) and recent H. sapiens separated into 3 samples corresponding to ray number (n = 15, 21 and 19 for rays 2, 3 and 4, respectively). A detailed list of specimens can be found in Supplementary Table 9. a–c, bgPCA of Procrustes-registered landmarks and semilandmarks (H. sapiens sample includes ray 3 only): scatter plot of individual scores for bgPC1 versus bgPC2 (a); scatter plot of individual scores for bgPC2 versus bgPC3 (b); shape variation associated with bgPC1, bgPC2 and bgPC3 (c). d, bgPCA of Procrustes-registered landmarks and semilandmarks (H. sapiens sample includes ray 4 only): scatter plot of individual scores for bgPC1 versus bgPC2. e, bgPCA of Procrustes-registered landmarks and semilandmarks (H. sapiens sample includes ray 2 only): scatter plot of individual scores for bgPC1 versus bgPC2. f, Box-and-whisker plot depicting centroid size (Procrustes registration of all specimens together). Box, 25–75th percentiles; centre line, median; whiskers, non-outlier range; dots, outliers; dotted line, value for CCH2. g, Protocol for three-dimensional Procrustes analysis: landmarks placed on the main anatomical features (n = 23, in red) and equally spaced semilandmarks (n = 250, in green) placed on the whole surface of the intermediate manual phalanx (template shown on the intermediate manual phalanx, ray 3, of the recent H. sapiens 17980).


Extended Data Fig. 7 CCH5, distal manual phalanx of H. luzonensis.
a, Photograph of the original specimen CCH5 in palmar view. b, Three-dimensional rendering of CCH5. From left to right: palmar, lateral/medial, dorsal, medial/lateral, distal (top), proximal (bottom), disto-lateral/medial and proximo-lateral/medial aspects. c, Comparison of CCH5 with Pliocene (A.L.333-11 and A.L.333-50), Lower Pleistocene (OH7 (FLK-NN-B) and SKX 27504), Upper Pleistocene (LB6/12) and recent distal manual phalanges (PAPO-74-53 and PAPO-74-11) in palmar (top) and side (bottom) views. All specimens are from rays 2–5 of unknown side, except for OH7 (second to fourth ray, probably from the right hand of a juvenile individual). d, e, Box-and-whisker plots depicting the expansion index ((apical tuft maximum medio-lateral width/maximum medio-lateral width of the base) × 100)) (d) and the robusticity index ((apical tuft maximum medio-lateral width/biomechanical length) × 100) (e) of the distal manual phalanx CCH5. Box, 25–75th percentiles, centre line, median; whiskers, non-outlier range; dots, outliers; dotted line, value for CCH5. A detailed list of specimens can be found in Supplementary Table 10. For conservative reasons, taxonomic assignation of hand remains OH7 and SKX 27504 are considered to be uncertain (see main text and Methods). Scale bars, 10 mm.


Extended Data Fig. 8 CCH4, proximal pedal phalanx of H. luzonensis.
a, Photograph of the original specimen CCH4 in lateral view. b, Three-dimensional rendering of CCH4. From left to right: plantar, lateral, dorsal, medial, distal (top), proximal (bottom), disto-lateral and proximo-lateral aspects. c, Comparison of CCH4 with Pliocene (A.L.333-115h, left third proximal phalanx, mirrored), Pleistocene (LB1/36, unknown side and rays 2–5) and recent (‘Negrito’ 9764, right third proximal pedal phalanx), proximal pedal phalanges in plantar (top) and side (bottom) views. d, Transverse (1, 2, 3) and mid-sagittal (4) micro-CT slices of CCH4 (plantar aspect of three-dimensional rendering, during the segmentation process; 1, 2, 3, dorsal is up, plantar is down, lateral is left, medial is right; 4, distal is up, proximal is down, dorsal is left, plantar is right). e, Protocol for three-dimensional Procrustes analysis: landmarks placed on the main anatomical features (n = 20, in red) and equally spaced semilandmarks (n = 250, in green) placed on the whole surface of the proximal pedal phalanx (template shown on the proximal pedal phalanx, ray 2 of the right foot of the recent H. sapiens 35071). f, g, Box-and-whisker plots depicting comparisons of the articular angle a (f) and the dorsal canting angle α (g) of the proximal pedal phalanx CCH4. Box, 25–75th percentiles; centre line, median; whiskers, non-outlier range; dots, outliers; dotted line, value for CCH4. A detailed list of specimens can be found in Supplementary Table 11. Scale bars, 10 mm.


Extended Data Fig. 9 CCH3, intermediate pedal phalanx of H. luzonensis.
a, Photograph of the original specimen CCH3 in plantar view. b, Three-dimensional rendering of CCH3. From left to right: plantar, medial, dorsal, lateral, distal (top), proximal (bottom), disto-medial and proximo-medial aspects. c, Comparison of CCH3 with Pliocene (A.L.333-21a, unknown side and rays 2–5, and A.L.333-115k, fourth intermediate phalanx), Upper Pleistocene (LB1/56, LB1-15 and LB1/39: unknown side and rays 2–5) and recent (PAPO-74-150) intermediate pedal phalanges in plantar (top) and side (bottom) views. Note the variation in shape and size both between taxa (for example, H. sapiens and H. floresiensis) and in the same individual (for example, LB1 and PAPO-74-150). A detailed list of specimens can be found in Supplementary Table 12. Scale bars, 10 mm.


Extended Data Fig. 10 CCH7, femoral shaft of a juvenile individual of H. luzonensis.
a, Photograph of the original specimen CCH7 (posterior aspect). b, Three-dimensional rendering of CCH7. From left to right: anterior, medial, posterior and lateral aspects. Scale bar, 20 mm. c, Transverse micro-CT slices of CCH7 at proximal diaphysis (top), midshaft (middle) and distal diaphysis (bottom), and posterior aspect of the three-dimensional rendering of the femoral shaft, during the segmentation process (orientation of slices: anterior is up, posterior is down, lateral is left, medial is right).
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