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            Abstract
The evolutionary history of extant hominoids (humans and apes) remains
poorly understood. The African fossil record during the crucial time period, the
Miocene epoch, largely comprises isolated jaws and teeth, and little is known about
ape cranial evolution. Here we report on the, to our knowledge, most complete fossil
ape cranium yet described, recovered from the 13â€‰million-year-old Middle Miocene
site of Napudet, Kenya. The infant specimen, KNM-NP 59050, is assigned to a new
species of Nyanzapithecus on the basis of its
unerupted permanent teeth, visualized by synchrotron imaging. Its ear canal has a
fully ossified tubular ectotympanic, a derived feature linking the species with
crown catarrhines. Although it resembles some hylobatids in aspects of its
morphology and dental development, it possesses no definitive hylobatid
synapomorphies. The combined evidence suggests that nyanzapithecines were stem
hominoids close to the origin of extant apes, and that hylobatid-like facial
features evolved multiple times during catarrhine evolution.
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                    Figure 1: KNM-NP 59050.[image: ]


Figure 2: Unerupted permanent dentition.[image: ]


Figure 3: Dental metric comparisons of KNM-NP 59050.[image: ]


Figure 4: Dental development of KNM-NP 59050.[image: ]


Figure 5: Phylogenetic placement of N.
alesi.[image: ]
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Extended data figures and tables

Extended Data Figure 1 KNM-NP 50950 and Napudet.
aâ€“f, Specimen as preserved in left lateral view (a), anterior view (b), right lateral view (c),
superior view (d), posterior view
(e), and inferior view (f), visualized using three-dimensional X-ray
microtomography. g, The Napudet locality
on the western side of Lake Turkana, Kenya.


Extended Data Figure 2 Stratigraphy and dating.
a, Stratigraphic sections at
localities CSF 2015-1, -2 and -3, and placement of KNM-NP 59050 (orange
star). See Supplementary Table 2
for associated GPS coordinates. b,
Incremental release spectra for sample 15-NPD-03, corrected for the
trapped 40Arâ€“36Ar
component. The plateau obtained provided the most representative age for
this sample (see Methods for details).


Extended Data Figure 3 Cranial comparison of KNM-NP 59050 with juvenile
catarrhines.
a, KNM-NP 59050 as preserved.b, KNM-NP 59050 as retrodistorted.c, Hoolock sp. d, G. gorilla. e,P. troglodytes. f, P. pygmaeus. g, P. ursinus.
Each specimen is shown, from left to right, in posterior, left lateral,
anterior, superior, and inferior views. Rendering size is standardized on
the basis of overall cranial size. Scale bars, 2â€‰cm.


Extended Data Figure 4 Juvenile and adult facial size.
aâ€“d, Box plots of relative snout size expressed by orbitale
inferior to prosthion (a, b) and maxillary height from orbitale inferior to
the alveolar margin (c, d). Values are size-adjusted on the basis of a
geometric mean of cranial measurements for juveniles (a, c) and the
square root of M1 area for adults (b, d).
Hylobatids have significantly smaller snouts than extant great apes
(analysis of variance (ANOVA) with Bonferroni correction, Pâ€‰<â€‰0.01), both in juveniles and in adults.
KNM-NP 59050 falls in the range of extant hylobatids. e, Orbit size (square root of maximum
heightâ€‰Ã—â€‰breadth in millimetres) compared to cranial size (geometric mean
in millimetres) for KNM-NP 59050 (star), as well as for juvenile
hylobatids (circles), Pongo
(triangles), and African great apes (squares). Box and whiskers as in
Fig. 3, and samples are given in
Supplementary Data
2.


Extended Data Figure 5 Juvenile and adult cranial features.
a, b, Box plots of interorbital breadth in juveniles (a) and adults (b), size-adjusted as in Extended
Data Fig. 4aâ€“d. Hylobatids and African great apes have
significantly greater interorbital breadth than Pongo (ANOVA with Bonferroni correction, Pâ€‰<â€‰0.01), both in juveniles and in adults.
KNM-NP 59050 falls exclusively in the range of extant hylobatid juveniles.c, d,
Box plots of the nasal aperture width in juveniles (c) and adults (d),
size-adjusted as in Extended Data Fig.
4aâ€“d. Pongo has a
significantly narrower nasal aperture than African great apes both in
juveniles and in adults (ANOVA with Bonferroni correction, Pâ€‰<â€‰0.01). KNM-NP 59050 falls closest to the
median of extant Pongo juveniles.e, f,
Ratio of nasionâ€“bregma/bregmaâ€“lambda in juveniles (e) and adults (f).
Hylobatids have a significantly greater ratio compared with the great apes
(ANOVA with Bonferroni correction, Pâ€‰<â€‰0.01) both in juveniles and in adults. KNM-NP 59050
falls exclusively in the range of extant great ape juveniles, a ratio
probably maintained into adulthood. Box and whiskers as in Fig. 3, and samples are given in Supplementary Data 2.


Extended Data Figure 6 Virtual histological slices of KNM-NP 59050.
a, Three-dimensional rendering
of the right unerupted permanent teeth germs. b, Virtual histological slices of these teeth with coloured
arrows showing the stress lines in dentine used for developmental
cross-correlations of all the teeth and cusps. Scale bar, 5â€‰mm. c, Detail of the Andresen lines in the dentine,
and reference stress lines in the right I2
germ. Colours correspond to the lines represented in Fig. 4. Scale bar, 1â€‰mm. d, Details of the enamel microstructure of this
tooth, showing four daily lines (dark orange arrows) between consecutives
Retzius lines (light orange arrows), indicating a long-period line
periodicity of 5 days. Scale bar, 100â€‰Î¼m.


Extended Data Figure 7 Endocranial volume and the bony labyrinth.
a, b, Bivariate double logarithmic plots of the endocranial
volume (a, ECV, in millilitres) and the
mean radius of curvature of the three semicircular canals (b, SC-R, in millimetres) against body mass (BM,
in grams) for extant hominids (blue dots), hylobatids (cyan dots),
cercopithecids (small open triangles), and strepsirrhines (small black
diamonds, a only), Aegyptopithecus (black square), Pliobates (purple dot, a), Saadinius (purple
dot, b), Victoriapithecus (grey triangle), Ekembo (magenta dot), Oreopithecus (orange dot), Hispanopithecus (green dot), Rudapithecus (teal dot), and KNM-NP 59050 (red dot). For
KNM-NP 59050 and Oreopithecus
(b only), the line represents a range
of body mass values (Supplementary Note
1). Reduced major axis regression lines are given for the
extant hominids, hylobatids (a only),
cercopithecids, and strepsirrhines (a
only). Data from refs 43,
44, 45, 54 and Supplementary Note
1 and Supplementary Table
1. câ€“n, Lateral (câ€“h) and superior
(iâ€“n)
views of the left bony labyrinth of P.
troglodytes (c, i), G. gorilla
(d, j), Pongo abelli (e, k), KNM-NP
59050 (f, l), Symphalangus
syndactylus (g, m), and H.
muelleri (h, n). Scale bar, 5â€‰mm. The extant species are
represented by mean shapes of between 6 and 39 specimens per species
(Supplementary Table
1).


Extended Data Figure 8 Phylogenetic analyses of N.
alesi.
Strict consensus trees of the unscaled (a) and scaled (b) analyses
showing the placement of KNM-NP 59050 as part of the Nyanzapithecus clade. Trees show the summary of
ten most parsimonious trees (unscaled: 1382; consistency indexâ€‰=â€‰0.289;
homoplasy indexâ€‰=â€‰0.711; retention indexâ€‰=â€‰0.597) and three most
parsimonious trees (scaled: TLâ€‰=â€‰1274.25; consistency indexâ€‰=â€‰0.288;
homoplasy indexâ€‰=â€‰0.712; retention indexâ€‰=â€‰0.599). Numbered nodes
correspond with clades listed in Extended Data
Table 2. Bootstrap support values >50% (1,000
replicates) are shown below nodes. Note that in the unscaled analysis, aSivapithecusâ€‰+â€‰Pongo clade is supported in 72% of bootstrap
replicates, but not found in the strict consensus tree.


Extended Data Table 1 Dental and cranial dimensions comparedFull size table


Extended Data Table 2 Selected synapomophies suggested by character transformational
analysisFull size table





Supplementary information
Supplementary Information
This file contains Supplementary Note 1, Supplementary Tables
1-3 and additional references. (PDF 263 kb)


Reporting Summary (PDF 76 kb)

Supplementary Data 1
This zipped file contains unerupted tooth crowns of KNM-NP
59050. Three-dimensional surface models of the left and right
I1, M1 and
M2 are provided as 3D PDFs. Surfaces
rendered from segmented synchrotron microtomographic images. (ZIP 14911
kb)


Supplementary Data 2
Comparative cranial and dental measurements. This file
contains measurements of KNM-NP 59050 and all individual juvenile and
adult specimens in the comparative sample. (XLSX 49 kb)


Supplementary Data 3
40Ar/39Ar
incremental-heating data and analytical conditions for sample 15-NPD-03.
(XLSX 23 kb)


Supplementary Data 4
Calculation sheet for dental development of KNM-NP 59050. The
calculations to determine the age at death and the general developmental
timing of Nyanzapithecus alesi based
on dental increments. (XLSX 43 kb)


Supplementary Data 5
Morphological Characters used in Phylogenetic Analyses. This
spreadsheet lists the characters scored in this study along with
character state definitions, character type designations, and the source
of each character. (XLSX 38 kb)


Supplementary Data 6
The matrix used in phylogenetic analysis. This file contains
the Nexus file with the character matrix used in this study, written
with Mesquite version 2.75, build 566 (www.mesquiteproject.org ). The
file can be read with any text editor. (TXT 32 kb)





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4

PowerPoint slide for Fig. 5




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Nengo, I., Tafforeau, P., Gilbert, C. et al. New infant cranium from the African Miocene sheds light on
ape evolution.
                    Nature 548, 169â€“174 (2017). https://doi.org/10.1038/nature23456
Download citation
	Received: 19 March 2017

	Accepted: 04 July 2017

	Published: 10 August 2017

	Issue Date: 10 August 2017

	DOI: https://doi.org/10.1038/nature23456


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        The Miocene primate Pliobates is a pliopithecoid
                                    
                                

                            
                                
                                    	Florian Bouchet
	ClÃ©ment Zanolli
	David M. Alba


                                
                                Nature Communications (2024)

                            
	
                            
                                
                                    
                                        A new ape from TÃ¼rkiye and the radiation of late Miocene hominines
                                    
                                

                            
                                
                                    	Ayla Sevim-Erol
	David R. Begun
	M. Cihat AlÃ§iÃ§ek


                                
                                Communications Biology (2023)

                            
	
                            
                                
                                    
                                        Palaeoecological differences underlie rare co-occurrence of Miocene European primates
                                    
                                

                            
                                
                                    	Daniel DeMiguel
	Laura Domingo
	David M. Alba


                                
                                BMC Biology (2021)

                            
	
                            
                                
                                    
                                        Early anthropoid femora reveal divergent adaptive trajectories in catarrhine hind-limb evolution
                                    
                                

                            
                                
                                    	Sergio AlmÃ©cija
	Melissa Tallman
	Erik R. Seiffert


                                
                                Nature Communications (2019)

                            
	
                            
                                
                                    
                                        Wrist morphology reveals substantial locomotor diversity among early catarrhines: an analysis of capitates from the early Miocene of Tinderet (Kenya)
                                    
                                

                            
                                
                                    	Craig Wuthrich
	Laura M. MacLatchy
	Isaiah O. Nengo


                                
                                Scientific Reports (2019)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Ancestral ape evolution
The Earth in the Miocene epoch (23â€“5.3 million years ago) was a planet
of the apes, with more than 40 species in at least 30 genera. Very few, however, are
known from complete cranial evidence. Only a handful of species are known from any
part of the skull beyond the face and palate, limiting the information about the
state of the skull in the immediate relatives of hominins and modern apes. The
dearth is particularly acute in Africa, where no cranial remains are known from
between 14 and 10 million years ago. Isaiah Nengo and colleagues describe the skull
of an infant ape recovered from Kenya. The 13-million-year-old specimen is assigned
to a new species in the genus Nyanzapithecus. The
evidence shows that, although the creature shares some similarities with gibbons,
these resemblances are very likely convergent and the new species is a close
relative of the common ancestor of extant apes.
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