Text S1. Previous evidence of hominin occupation in the Western Rift Valley
Two relatively well-studied regions of the Western Rift Valley (the Upper Semliki and the Ugandan side of Lake Albert) have yielded long geological sequences with rich fauna and some archaeological remains. 

In the Upper Semliki Valley of the Democratic Republic of Congo, the sequence includes a Plio-Pleistocene fluvial lacustrine series (Lusso Formation), a Lower to Middle Pleistocene fluviatile series (Semliki Formation) followed by the Middle to Upper Pleistocene initiation and development of terrace formation along the South flowing Semliki (Kasaka Formation, Katanda Formation, Ishango Gravels Formation, Museya Gravels Formation) [1]. Biface industries with spheroids and some evidence of Levallois technology are documented in several localities within the Semliki Formation [2] or on the subsequent Upper Terrace (Kasaka Formation) of the river. At Katanda, 6 km north of Ishango, in two locations, excavation of an Oldowan assemblage, associated with Elephas recki in the upper part of the Semliki Formation indicate that the Semliki Formation in large part does not postdate ca. 500 ka, and is likely much older toward the base [3]. These finds and abundant evidence of artefacts in the Ugandan sites of the Albertine Rift Valley [4] indicate consistent occupation of the Western Rift, presumably by Homo erectus, during the late Lower to early Middle Pleistocene.

At Nyabusosi on the Ugandan side of Lake Albert, towards the top of the Behaga Member of the Nyabusosi Formation, cranial fragments and a worn upper molar, cemented into a ferricrete block and attributed provisionally to “Homo cf. erectus” were recovered in 1986 by Pickford and Senut [5]. The remains were first dated to 0.7 to 1.8 Ma with a preference for the older age [6], and later revised to "ca. 1.5 Ma" [4] on the basis of the presence of Kolpochoerus majus and Elephas recki in the fauna collected near the fossil. 
The 2.85 - 0.4 Ma time-range of “classic” E. recki [7] as well as early Middle Pleistocene dates for both Elephas recki and especially Kolpochoerus majus, at other east African sites [8-11] suggest that this hominin specimen could also derive from horizons around or even younger than the Lower/Middle Pleistocene boundary at 780 ka.
However, a tuff in the uppermost Kagusa Member, which overlies the Behaga Member of the Nyabusosi Formation, was potentially correlated chemically with a tuff in the Turkana Basin Natoo Member of the Nachikui Formation (1.65 - 1.3 Ma) implying an older age [12]. Therefore some questions remain concerning the age of this hominin specimen.  

While hominin presence during the time span of Homo erectus is uncontroversial, earlier Plio-Pleistocene hominin occupation is more debated. Within the Semliki Valley, lithic artefacts provisionally associated with the Lusso Formation were described from two locations: Kanyatsi 2 on the lake shore ca. 3 km east of Ishango, and Senga 5A, ca. 10 km north of Ishango along the Semliki River. At Kanyasti, a very small number of core artefacts were recovered either in situ or with adhering matrix suggesting attribution to the Lusso Formation. These could also be derived from younger deposits through slumping, although the 1988 excavations did not support this hypothesis [13]. 

The Senga 5A site is located on a low ca. 11 m terrace comparable to the Ishango terrace, ca. 10 km north of Ishango [13-15]. The entire site exhibits indications that it was formed or at least affected by Upper Pleistocene and Holocene sedimentary processes. However, a large collection (>5000) of diagnostic Plio-Pleistocene mammalian and fish fossils (e.g. Tragelaphus  nakuae, Notochoerus euilus and Metridiochoerus jacksonii) suggesting contemporaneity with the Omo Valley Shungura Formation F-G in the Eastern Rift (2.0 - 2.35 Ma) were recovered from a derived ironstone rubble. These were associated with a much smaller number of artifacts, some of which exhibit typical Lusso Formation iron-staining in the cracks, suggesting possible contemporaneity with the Plio-Pleistocene fossil assemblage [15]. Sediments in the site contained the heavy mineral perovskite, which is a marker of Upper Pleistocene volcanic activity in the nearby Katwe volcanic field. The western portion of the site contained a mixture of Lusso-age fossils and more sub-fossilized specimens of probable Holocene age. On the other hand, faunas from the eastern portion were overwhelmingly of Lusso age and contained little evidence of mixing with extant species. As a whole, the Senga 5A site suggests but does not confirm the possible presence of tool-making hominins in the Semliki by 2 Ma. 

Text S2. Ishango site
Text S2.1 History of excavations
The site was first identified by Damas during his 1935-1936 expedition in the Upper Semliki, which focused on recent lake fauna and flora [16]. Damas collected some bone material at Ishango that included a fragment of human mandible at a level equivalent to 180-200 cm below the surface in a partially cemented matrix with large mammal bones [17]. 

In 1950, a new expedition was set up by de Heinzelin in order to find more archaeological sites and human fossils in the Upper Semliki region [2, 18-19]. At Ishango, he excavated two trenches, one parallel (N143GE) and the other perpendicular (N43GE) to the river shoreline (Figure S1). The southeastern edge of the N143GE trench bordered the 1935 survey of Damas [18]. The two trenches met up northwestward at the border of the lake cliff. To the west of their junction, limited by gully erosions, an area of 100 m2 preserved only the lower parts of the archaeological levels (Ishango Gravels Formation, TT). De Heinzelin started his excavation on the 23th of April 1950 in this western zone (Corner W), noting later [18] that most of the human remains, fauna and artefacts came from the area west of the junction between his two trenches (zones A & B on Figure S1). He observed that the archaeological levels gradually disappear all around, though large remnants remain present in both trenches and between the trench N43GE and the cliff. 

Further excavations at Ishango include the 1959 extension of the N43GE trench by Splingaer, whose material is unpublished. In 1985-1986, two four-meter-square excavations, one near the junction of the two trenches and one further into the cliff, were carried out by Brooks and members of the Semliki Research Expedition to obtain materials for dating [20-21].
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Figure S1. The excavation plan at Ishango 11, modified following de Heinzelin [18].

A: area preserving only the basal part of the Ishango Gravels Formation (excavated first, between the 23th of April and the 9th of May 1950. This area was initially named "Field E", then "Field W" and finally "Corner W" in de Heinzelin's notes). B: area where the tuffaceous levels where present in addition to the latter ones (excavated between the 17th and 19th of July 1950). No grid system was laid out in areas A and B.

Text S2.2 Stratigraphy and Dating
The lithostratigraphic units identified at the Ishango 11 (Figure S2) are as follows from top to bottom: R/TP/TT/L [1]. 
The top part of the sequence are Recent deposits (symbol R) correlated to the uppermost Holocene. At Ishango 11, they include the Post-Emersion Zone (ZPEm) occupation level which was first described by de Heinzelin [19] and dated between 1,680 ± 80 CalBP to 3,170 ± 90 CalBP by 14C on charcoals [3]. 
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The informal Semliki Lower Terrace Complex (Symbol T) which precedes the Recent deposits regroups the Ishango Gravels Formation (symbol TT) and the Museya Gravels Formation (symbol TP). These fluvial deposits are located at about 9 to 12 m above the present-day Semliki river [1]. The Museya Gravels Formation (symbol TP) is correlated with the middle Holocene and immediately posterior to the volcanic tuffs [1,19]. The stratotype of the Ishango Gravels Formation (symbol TT) has been defined at IS-11 [19]. This fluvial deposit with linked deltaic and slope deposits, and volcanic admixture, is dated to the uppermost Pleistocene to the lower Holocene [1]. At the time of its deposition, the course of the Semliki River was inverted (south-flowing) compared to the present day [18,22].

Figure S2. Schematized stratigraphic section of the ten first meters of Ishango N43GE trench, modified following de Heinzelin [1,19]. 

R: Recent Formation; TP:  Museya Gravels Formation; TT: Ishango Gravels Formation; L: Lusso Formation. ZPEm: Post Emersion Zone; N.TUF: Tuffaceous levels; SD-SFM: Hardened Sand - Fine Micaceous Sand; NFPr: Principal Fossiliferous level; G.INF: Inferior Gravels. Stars: archaeological assemblages containing human remains.

The detailed lithological and stratigraphic description of the Ishango Gravels Formation is given by de Heinzelin [18-19]. Four major levels are shown on the trench sections (Figure S2): 

· N.TUF (Tuffaceous Levels) refers to a group of layers made of silty fine sand, small white gravels, accumulated shells, all cemented by carbonatation and tuffaceous material. It contains some remains of Late Stone Age assemblages characterized by quartz and quartzite lithic artefacts (i.e. microliths, mortars, and grindstones), a bone industry (points and harpoons) and ochre [18-19]. The base of the tuffaceous level has been directly dated by 14C on mollusc shell to 20,155 ± 245 CalBP [3].
· SD-SFM (Hardened Sand - Fine Micaceous Sand) corresponds to interstratified, variably cemented, bank of sand. Debris of shell and bones are present with harpoons with one barbed row, some with a few barbs on the opposite side. The contact with the NFPr is variably indurated.
· NFPr (Principal Fossiliferous Level) is the main human occupation layer of the site, consisting of a dense accumulation of bone debris and shells. All the remains are encrusted in their upper part by cement made of fine and saline materials which percolated from the higher layers and precipitated at this level. The bones are heavily mineralized [3]. This level includes abundant early Late Stone Age lithic and bone artefacts, faunal remains (mammal, fish and mollusks) and human remains [18, 21, 23-29]. A series of five radiocarbon dates on ostrich eggshells (OES) and mollusc shell all fall between 25,570 ± 350 CalBP and 19,920 ± 450 CalBP [21, 3, 30]. Analyses of amino acid diagenesis in both the eggshell and mollusk shell samples [21] indicated that these are more appropriate ages than originally thought, especially in the case of ostrich eggshell (alloisoleucine/isoleucine ratio = 0.43 ± 0.04), as OES is unaffected by high levels of non-biogenic carbon in Lake Edward.
· G.INF (Inferior Gravels) are vaguely stratified gravels containing numerous fragments of reworked fossils from the Lusso Formation [19, 24, 27] together with some Later Stone Age artifacts including bone harpoons. 
At IS-11, the lower level of the Ishango Gravels Formation (G.INF) cuts the oldest fossiliferous deposits identified in the Upper Semliki basin, the Lusso Formation (symbol L). The Lusso Formation, first identified as Kaiso beds [31], is lake deposit mudstones with sands and ironstones [15-16]. They are rich in mammal, fish and mollusk fossils as well as fossil wood. The faunal assemblages at several sites support an age from the later Pliocene to the earliest Pleistocene. The mollusk assemblage of the Lusso Formation has been correlated to the associations GX and GX' from the Kaiso/Hohwa beds, dated to 2.6 - 2 Ma [4, 32-33]. Some divergences between the Lusso mollusk assemblage and the Ugandan references have been underlined by Pickford et al. [4]. They could be related to a slightly earlier age of the Lusso assemblage or to the pene-contemporaneous fragmentation of the Lake Obweruka into two sub-basins (the basins of the proto-lake Edward and of the proto-lake Albert), also suggested by the ichthyofauna [34]. The mammalian fauna indicates a biostratigraphic correlation with the fauna from Members F and G of the Shungura Formation in Ethiopia, between 2.35 and 2 Ma [35-37]. The base of the Lusso Formation has not been observed and the top of the beds is an erosive contact [37].
Text S2.3 Origin of #Ish25 upper molar 
De Heinzelin recorded for each geological sample a clear description of contents, which facilitates partial reconstruction of the spatial organization of the human remains. However, no mention of an isolated tooth was found within any of the human samples described in de Heinzelin's notebooks. By cross-checking the information of several archives from the 1950s excavation (Figures S3-S8) the authors were able to establish the origin of #Ish25. Below are selected translations of hand written letters from de Heinzelin to Twiesselmann dated to the very first days of the excavation at Ishango, and the first page of de Heinzelin's notebook:
- Letter to Mister Twiesselmann dated to Sunday 23rd of April 1950 (Figures S3-S4).
Front page - Black ink:
Sunday 23/IV/50

Mister Twiesselmann

Here ends the first day of excavation. Or rather of clearing. The stratigraphy starts to show up and we already have two harpoons and some worked quartz. the Director must come tomorrow with the headquarters from the Parcs. It's why I have opened the steam from today. Not yet of humans.
(...)

At the bottom of the front page, under de Heinzelin signature, but with a Turquoise ink:
Good news. I have the base of a human tibia and maybe some teeth. Results from 1/4 of m3 from the fossiliferous gravel. Tuesday 25th at 10h the Director has not yet arrived.
Back page - Turquoise ink:
Report Tuesday night 25:

26 harpoons

21 fragments of worked quartz unrolled

8 fragments of rolled worked quartz
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Hundreds of broken or worked bone fragments

1 complete tibia

1 huge base of tibia
1 tibia head of a immature individual, detached from the cartilage

2 femoral heads very partial





 human or humanoïd
1 humerus fragment






 Unbelievable mix of human   2 radius fragments






 and robust traits
1 cubitus fragment







5 complete or partial foot bones






1 parietal or frontal fragment
5 portions of cranium probably belonging to a large primate

One hundred kg or so of mammal bones, sauria, fishes and maybe birds.

I'm crumbling under the weight of the samples and am eaten by the sun, which is a blessing. I suggest that the first cleaning is done on the premises, despite that mobilize workers, otherwise we will never cope in the lab.

Not yet any sight of the administrative staff.
JdeH.
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Figure S3. Letter from de Heinzelin to Twiesselmann dated to Sunday 23rd of April 1950. Recto.

"Dimanche 23/IV/50. Monsieur Twiesselmann. Voici achevées les premières journées de fouilles. Ou plutôt de déblaiement. La stratigraphie commence à apparaître et nous avons déjà deux harpons et des quartz taillés. Mr le Directeur doit venir demain avec tout l'état-major des Parcs. C'est pourquoi j'ai ouvert la vapeur dès aujourd'hui. Pas encore d'humain. Je vous assure que c'est une école pas ordinaire que d'entamer ces fouilles : pas de langage commun avec les travailleurs (20), matériel grossier et  incomplet, climat équatorial, avec biana(?) tendu du au climat et à la proximité des éléphants et des hippo qui viennent patrouiller jusque dans le camp. Ne pourriez-vous me faire expédier toute notre provision de petits ?acs. Ces petits ? sont l'un de mes meilleurs soutiens. Journaux et caisses sont presque des denrées rares. Et il faut nourrir des piocheurs. J'espère vivement pouvoir vous donner  un jour de bonnes nouvelles. J'arrête d'écrire car suis dans une tempête d'éphémères. Avec mes salutations et meilleur souvenir au laboratoire. J. de Heinz. 
Bonne nouvelle. J'ai la base d'un tibia humain et peut-être des dents. Résultat d'1/4 de m³  de gravier fossilifère. 

Mardi 25 à 10 h. Mr le Directeur n'est pas encore venu."

[image: image8.jpg]I

102

i e A'Eé'fr/fwiurw ET Rt'caue.r 4 o w} g il
{ . : . /1N A
2t ‘ LMN Mits | ras /»‘Aw._“r | |
Fa A Vm. 5 T.Jw/ e s pl
2 it Trume ﬁb\ M/’ﬁvt-‘ il
: P A9 TATL \ |
: 3 ‘Ni k/%i.r f",'ﬂ. A éf.nof WA\
L 14 P.N.ﬁ./ n \"MLT/ fer i l//‘r;}
5 PhA SR LE s e Bufe b
6 Ix(,x.r/ qu:[l_ ¥ g /N '
i ' |
? M‘T/Mhh b podos iyl
| ? LL.TM #M— - /-—“vma_l‘L 7.&.«-\;-\7'? B .q,',fnt ryk, vl 41|/|V
‘ a1 T .
[ | %:-U»‘/md;v»geow H Ao ade L T { N’M&Nﬁ% rdoti Vet oo I 24/n/
10 MLT | M TS o wlhih o Vie - 'MT 21-3w
11 d/-\i)ww Mo L AN (‘F)A)y o N B 1) -4
U W= oy -{“ £.1 ol ’7Mh" i wdni
’:;43 T e B mu..:& lu % «uV qum Il ﬂf,n::.j" J‘i.fmr.»:h reanchs | 24-25
14 . L 2ypon FAZET e ot 24
Ul 45 i 21 ...awz T“"‘?J 1ol u\LnIZT— 24-21‘/”
1¢ i0, : ’t ..n-n 7“ 3t 4 :!-MJ.. det 3 24-15‘/1«(,
13 i, 4o ..da O it Ykt awrihy 245 20)w
[ 11 V. Sewmd R ra-,'u., 7% &wl */L ........ ’ﬁ“ ﬂ&: ’bamp\.ﬂ«u‘:? “)nv.::\) 2.5 /l!/
', . ' " o~ Th“-"‘m | iy T W’ >
: 45 ;q- ;S & v = -ﬁ.’ff‘& ,0:;!.'“_./ rv‘ip\., {.’;u‘ h'l?t‘;c~ 2(‘/1\/
: b a i Tk ¢ S
; Le 5. : .irc-./ts 'l: & for )«.’uca;f’c‘ Cane 'h-\..,.. £
24‘ Focd, ML.r . uff)'vz W, 1’7&4?1“01:59 4"0/ - Z[//V
2 || Rl MA-.T dihio W T Puf 22,60 20,% 1/
13 Forcl, o IGP RN 24 26/v
‘7'/ VR ARMEE mvﬁ:w&/ i TE /
14 . b Hopem o bl‘;...»s_ Le /1
15 ,z{, W ot cntsed [Tt Do 1 14
U h. | forarly by fac L/ 1/
13 28 " o L e 2/
| % 4 :'5¢ M*ﬁ e, T Lo, LG /tv
"" 3 0. #., = Raed | 1 7:115 Cadde! LC/IV
. },, | i, L (,a:.:tj 12 Ld(?c-, coilrh d’“m 28/1&"
: T . L gx | v “‘T“"’bm‘“ TML.JL A ZI/I_V
it - l





Figure S4. Letter from de Heinzelin to Twiesselmann dated to Sunday 23rd of April 1950. Verso.

" Bilan mardi soir 25 : 

26 harpons

21 fragments de quartz taillé non roulés

8      ''              ''     ''         ''     roulés

Des centaines de fragments d'os éclatés ou travaillés

[image: image9.jpg](.

__/W Lawyp 1972
INSTITUT ROYAL DES :

SCIENCES NATURELLES
DE BELGIQUE BruxReulLe\s/ir;i:? 31/‘.][/75-/

—

h‘ U A/ s '( AM“"’

I(J" A dée D L‘( M VU . )
(,o'gr»(j_bd...\ 1 \1/4&:“7; A pemaiin (3'&%7,«
P o w«?amy 'LM Ten h\..‘;u/ J/ A Vo ‘é‘/""’“} £ (/,jr._r

w.“)f' ot A ,ﬁ__‘«ﬂ-;ﬁ J. &cw‘ﬂ//./vt,

( 4 4 A P"ﬁ »&lofva‘)c._
- LA AE T Vot s . 5y
* vaavj_/‘éh—-/ /‘tmj:,«}-.,‘j‘ 77):],‘%/ /-...Jt
,év[m’nj_n‘m »—. Ikt/wj'/&"-f
Y AA g Ags . .‘ o

B Lj;rarﬁ_ahw poft Pk, AN

st e t«?)\ + :
Z‘«W-&““Z;@ﬁ;ﬁ M%muﬂ Cog On #n A
L/Q\F"«_’ —'Zm... /L




1 tibia complet

1 base de tibia énorme






humains ou

1 tête de tibia de jeune individu, détachée du cartilage


humanoïdes.

2 têtes de fémur très partielles





Invraisemblable 

1 fragment d'humérus






mélange de traits

2 fragments de radius






humains et brutaux

1 fragment de cubitus







5 os de pied, partiels ou complets







1 fragment de pariétal ou de frontal

5 portions de crâne appartenant probablement à un grand primate une centaine de kilo d'ossements de  mammifères, sauriens, poissons et peut-être oiseaux.

Je croule sous le poids des échantillons et suis mangé de soleil, que c'en est une bénédiction. Je vous propose

d'effectuer le premier nettoyage sur place, malgré les travailleurs que cela mobilisera, car on n'en sortirait jamais au labo. Pas encore d'état-major en vue. JdeH.(...)"
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Figure S5. First page of the Heinzelin notebook. Verso.
"Liste d'échantillons et récoltes (1ère liste)

	N° échant.
	Localité, altitude, nbre de prélèvement
	Nature
	Date



	(...)
	(...)
	(...)
	(...)

	9
	Ishango, Chantier E au début, sous couche terre noire, vers 50 cm de profondeur
	Restes humains relativement complets (Vieux-Ishango)
	24/IV

	10
	Ishango. Chantier E, prof. 0-50cm (début)
	Industrie et déchets du Vieux-Ishango
	22-25/IV

	11
	Ishango. Chantier W, prof. 0-50cm (début)
	Industrie et déchets du Vieux-Ishango
	22-25/IV

	12
	Ishango, première coupe face au lac, gravier fossilifère consolidé et zones (v...?) - (Z. à harpons) et nettoyage coin 
	Echantillons en vrac

non triés
	22-28/IV

	13
	Fouilles Ishango, progression à la base du coin W, gravier fossilif.
	
	24-25/IV

	(...)
	(...)
	(...)
	(...)

	18
	Id., sommet du gravier, banc fossilifère
	Restes humanoïdes ou supposés tels dont on trouvera la liste au verso
	25/IV

	(...)
	
	(...)
	(...)"


- First page of de Heinzelin notebook (Figure S5).
List of the samples and pickings (Black ink) - (1st list) (Turquoise ink)
	N° sample
	Locality, altitude, number of sampling
	Nature
	Date



	(...)
	(...)
	(...)
	(...)

	9
	Ishango, Beginning of E field, under the black layer of earth, around 50 cm depth
	Human remains relatively complete (Old-Ishango)
	24/IV

	10
	Ishango. E field, depth 0-50cm (beginning)
	Industry and waster material from Old-Ishango
	22-x/IV
("x" later corrected to 25 with Turquoise ink) 

	11
	Ishango. W field, depth 0-50cm (beginning)
	Industry and waster material from Old-Ishango
	22-x/IV

("x" later corrected to 25 with Turquoise ink)

	12
	(Start of use of the Turquoise ink) Ishango, first section (...), fossiliferous gravel (...) - (Z. with harpoons) and cleaning corner 
	Unsorted samples
	22-28/IV

	13
	Ishango excavations, progression at the base of W corner, fossiliferous gravels
	
	24-25/IV

	(...)
	(...)
	(...)
	(...)

	18
	Id., summit of the gravel, fossiliferous level
	Humanoid remains or supposed so, whose detailed list is given on back page (
)
	25/IV

	(...)(
)
	(...)
	(...)
	(...)


There is a change of ink in the written documents that occurs at the end of Monday 24th of April and this is observed coherently on both types of archives. Teeth are only mentioned in the letter to Twiesselmann and their discovery can be dated between the night of the 23rd and the morning of the 25th of April. The idea that the teeth mentioned could have been associated to a mandible fragment can be ruled out since there is no indication of a mandible in the list of sample N°18, while the base of the tibia is present. Therefore, there is strong evidence to suggest that the two isolated teeth discovered in the fossiliferous level at Ishango come from the human sample N°9, the only one without a clear description of its content. An alternative scenario is that the tooth was not recognized on site and identified later in the laboratory when the collection was in Belgium. However, it is unlikely for two reasons: 
First, all human remains identified out in the field on the site were sent together to the Laboratory of Anthropology of the RBINS beginning of February 1951 (Figure S6). 
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Figure S6. Letter from de Heinzelin to the director of the RBINS dated to the 16th of February 1951.

"Ishango 1950. Institut royal des Sciences naturelles de Belgique. Bruxelles 4, le 16 II 1951 rue Vautier 31.

Monsieur le Directeur. Les caisses d'Ishango sont arrivées au complet dans le début de la semaine. Le déballage est aujourd'hui terminé et si vous désirez la voir la collection dans cet état brut, la collection elle est accessible, partie au laboratoire des vertébrés fossiles, partie au laboratoire des Invertébrés secondaires et tertiaires, partie au laboratoire des Invertébrés récents et partie au laboratoire d'Anthropologie. Il n'y a guère de dégât matériel, sinon quant à la mandibule humaine, facturée en plusieurs morceaux. On a possiblement tous les fragments. Ces dégâts sont réparables car on en a récupéré tous les fragments. Le naturaliste. J de Heinzelin."

- Letter from de Heinzelin to the Director of the RBINS (Figure S6).
Royal Belgian Institut of Natural sciences – Brussels 4, 16 II 1951 – Rue Vautier, 31

Mister the Director

The Ishango boxes arrived in full beginning of this week. The unpacking is now finished and if you would like to see the collection in its raw state, it is accessible, partly in the Laboratory of Vertebrate fossils, partly in the Laboratory of secondary and tertiary Invertebrates, partly in the Laboratory of recent Invertebrates and partly in the Laboratory of Anthropology.

There is no damage except for the human mandible, broken in several pieces. We possibly have all the fragments. The damages are reversible because we have collected all the fragments.

The naturalist,

J.de Heinzelin
As mentioned in this letter (Figure S6), vertebrate and invertebrate fauna remains were separately stored in the different laboratories of the same institution right after their arrival in Belgium. Moreover, the inventory number on #Ish25 is identical to the other human remains, suggesting it was part of the same lot. 

Second, the identification of the human remains made out in the field was extremely accurate and resulted in keeping small identifiable fragments, for instance perinatal remains. This lends support to the probability that isolated teeth would have been recognized right away. 

This hypothesis in combination with the fact that most human remains were found during the first stages of the 1950-excavation in the western area, strongly argues for #Ish25 to have been found on April 24th, the second day of excavation, in the South-western part of the western corner (zone A in Figure S1). The first sketch of a stratigraphical section with the definition of the archaeological layers dates to May 9th 1950 (cf. Figure S7). The NFPr layer was at that time designated as GF (Fossiliferous Gravel), as written on the first pages of the notebook. The first map of the Ishango excavation dates from between the 5th to the 9th of May 1950 and the western area is indicated as "Progression of cleanup corner in the notebook until the 9/V" (Figure S8). Since the area excavated the first days in the western corner only yielded the remains of the basal levels of the Ishango Gravels Formation (G.INF and the basal part of NFPr) and that the stratigraphy was not yet clearly established the 24th of April, it can be argue that #Ish25 was found either in G.INF or in the NFPr.
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Figure S7. First sketch of a stratigraphical section with the definition of the archaeological layers. 
It is dated to the 9th May 1950. "(...) GF = gravier fossilifère à harpons et homo. G.INF = gravier inf à fossiles rares, harpons exceptionnels et fossiles Kaiso remaniés. K.B = Kaiso beds. 9/V/50"
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Figure S8. First map of the Ishango excavation dated from the 5th to 9th of May 1950. 
"CHANTIER W (il vaudrait mieux dénommer N) - 17-19/VII - NETTOYAGE COIN - mandib x compl. - Progr. ds G.F. jusq'au 9/V (tibia, humerus frag cubitus radius, etc) (...) ISHANGO 5/V/1950 à 9/V - Plan des travaux"
Text S3. Raman spectroscopic analysis
As a calcified tissue, dentine is composed of approximately 70% of inorganic mineral (crystalline hydroxylapatite, Ca10(PO4)6(OH)2) and 30% of organic matter (collagen, CH). As soon as diagenetic processes take place, the interaction with the environment (i.e. sedimentary matrix) leads to biodegradation of the organic matter contained in the teeth and to the integration of new inorganic compounds like sulphates or carbonates of calcium and magnesium according to the environmental deposit chemistry [38]. Because its structure is more porous, dentine is more prone to be altered by diagenesis than enamel [39]. Person et al. [40-41] have shown that the composition and structural changes of fossil bone carbonate hydroxylapatite occurs early in the diagenetic process and depends on the burial environment. They observed a correlation between the increase in crystallinity and the decrease of CO3 amount, but not with the preservation of the organic matter. Thus, diagenetic changes in the dentine are independent of the age of the sample, they only relate to the taphonomic conditions [40-42]. 

We selected three well-preserved teeth from the NFPr layer (#Ish16, #Ish22 & #Ish24) that best represented the observable range of taphonomical alteration in the LSA sample (Figure S9). Moreover, #Ish24 is the only other isolated maxillary tooth from the site, supposedly discovered the same day as #Ish25. Then, we applied the same procedure as for #Ish25 to test, based on the Raman response, whether all teeth experienced the same taphonomic history. Several spectra (~ 10) were collected on the dentine surface of each tooth and the average results are given in the Figure 3. The Raman bands in the range of 1200-3000 cm-1 are mainly related to the organic matter (protein component, CH) [43]. No peaks are observable in this section of the spectra.
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Although the Lusso Formation has yielded numerous fossils in the Semliki valley, at Ishango these layers that lie beneath the G.INF level have not been excavated. The reworked Lusso fossils found in the TT Formation at Ishango were shells, mammal or fish bones. Therefore, no teeth unambiguously associated to the Lusso beds were available for comparable analysis.
Figure S9. Photographs of the teeth from the LSA human assemblage (NFPr level) that were used as comparative samples for the Raman spectroscopic analyses. 
From left to right, top to bottom: #Ish24= left central upper incisor, buccal, lateral, lingual, medial and occlusal views; #Ish22=fragment of a right mandibular corpus with the second lower molar included, occlusal, lingual and buccal views; #Ish16= right hemi-mandible with the two lower premolars and three lower molars included, occlusal, lingual and buccal views. In the latter case, the analysis was performed on the right first lower molar.
Text S4. Morphometric comparison
Text S4.1 Crown dimensions
The exceptional mesio-distal and vestibulo-lingual dimensions of #Ish25 M1 crown were first noticed by Twiesselmann in 1958 in his monograph ("Les dimensions considérables de la dent d'Ishango rejoignent celles des fossiles de Swartkrans; son gabarit humanoïde la rapproche, autant que j'en puisse juger, de la dent de I'Australopithèque de Taungs; trouvée isolément, elle aurait pu conduire à supposer une parenté rapprochée avec les australopithèques"; [23], p.89), then by Orban et al. [44]. Table S1 gives the crown dimensions of Ishango M1 as well as the mean and range of variation of the comparative groups. Figure S10 represents the scatterplot of the mesiodistal and buccolingual M1 diameters of #Ish25 and the comparative sample. For better graphic readability, and because overlap in crown dimensions has been stated by various authors [45-47], we grouped together all the gracile and robust Australopiths M1 dimensions. 

Measurements are compiled from published data [48-122] and from personal measurements on original fossils from B.M. (Monsempron, Petit-Puymoyen) and I.C. on original fossils (Taforalt, Jebel Sahaba, Lothagam, Wadi Halfa & NEO). 

Adjusted Z-Scores [123] were computed to compare the dimensions of the #Ish25 to the mean and standard deviations of the comparative groups.
Table S1: Crown dimensions (mm) of #Ish25 and the comparative group means and standard deviations

	
	#Ish25
	AUSGR*
	EH
	HERG
	HROD
	HHEID
	ATER
	NEAN
	MPHS
	UPHS
	LUPA
	NEO
	RMH

	MD#
	
	
	
	
	
	
	
	
	
	
	
	
	

	mean
	13.10
	13.12
	13.16
	12.45
	11.44
	11.65
	11.60
	11.17
	11.37
	10.86
	11.08
	10.82
	9.64

	stdev
	
	1.10
	0.80
	0.44
	0.82
	0.54
	
	0.85
	0.55
	0.73
	0.61
	0.61
	0.97

	n
	
	83
	23
	4
	7
	11
	2
	50
	31
	93
	85
	123
	538

	Adjusted Z-Scores
	-0.008
	-0.038
	
	0.772
	1.158
	
	1.110
	1.514¤
	1.523¤
	1.659¤
	1.871¤
	1.806¤

	BL#
	
	
	
	
	
	
	
	
	
	
	
	
	

	mean
	14.20
	14.31
	13.14
	12.87
	12.26
	12.05
	13.25
	12.09
	12.06
	12.24
	12.26
	11.86
	10.95

	stdev
	
	1.23
	0.72
	
	0.93
	0.73
	
	0.71
	0.65
	0.75
	0.57
	0.62
	0.68

	n
	
	80
	22
	3
	8
	11
	2
	52
	30
	94
	85
	128
	535

	Adjusted Z-Scores
	-0.045
	0.693
	
	0.647
	1.268
	
	1.455¤
	1.570¤
	1.309
	1.699¤
	1.879¤
	2.412¤

	BL/MD
	
	
	
	
	
	
	
	
	
	
	
	
	

	mean
	108.4
	109.00
	99.79
	103.40
	110.10
	103.40
	121.00
	108.60
	106.40
	112.90
	110.80
	110.00
	114.40

	stdev
	
	5.79
	4.28
	
	7.13
	4.39
	
	7.88
	8.13
	5.79
	5.72
	5.33
	10.08

	n
	
	79
	22
	3
	7
	11
	2
	49
	30
	93
	85
	123
	531

	Adjusted Z-Scores
	-0.051
	0.946
	
	-0.099
	0.489
	
	-0.015
	0.118
	-0.394
	-0.207
	-0.152
	-0.304


*AUSGR: Gracile and Robust Australopiths from Afar, Bouri, Chesowanja, Drimolen, Kanapoi, Kokiselei, Koobi Fora, Kromdraai, Lomekwi, Makapansgat, Olduvai Gorge, Omo Valley, Sterfontein, Swartkrans, Taung; EH: Early Homo (Homo habilis, Homo rudolfensis, Homo georgicus) from Afar, Cornelia-Uitzoek, Dmanisi, Drimolen, Koobi Fora, Olduvai Gorge, Omo Valley, Swartkrans; HERG: Homo ergaster (KNM-WT 15000, KNM-ER807, KNM-ER3733; KGA11-350); HROD: Homo rhodesiensis (Middle Pleistocene Homo from Africa including Eyasi1, Kabwe (Broken Hill), Laetoli H18, Rabat 1 & 2, Salé, Ternifine (Tighenif)); HHEID: Homo heidelbergensis (Middle Pleistocene Homo from Europe including Arago, Bilzingsleben, Petralona, Sima de los Huesos, Steinheim); ATER: Specimens associated to Aterian levels in North Africa (Dar-es-Soltan II (H4) & El Haroura); NEAN: Specimens attributed to Neandertal lineage from Eurasia (Amud, Arcy, Baume Néron, Châteauneuf, Combe Grenal, Cotencher, Hortus, Krapina, Kulna, La Chaise, La Côte Sainte-Brelade, La Ferrassie, La Quina, Le Moustier, Monsempron, Petit-Puymoyen, Pontnewydd, Saccopastore, Shanidar, Subalyuk, Teshik-Tash, Visogliano); MPHS: Middle Pleistocene/Middle Palaeolithic Homo sapiens from Africa and Southwest Asia (Herto, Qafzeh, Skhul); UPHS: Upper Pleistocene/Upper Palaeolithic Homo sapiens from Europe and Africa (Abri Pataud, Arene Candide, Cap-Blanc, Dolni vestonice, Fontéchevade, Gazel, La Crouzade, Lagar Velho, La Madeleine, Les Hoteaux, Mladec, Montgaudier, Muierii, Nazlet Khater, Paglicci, Pavlov, Pestera cu Oase, Pont d'Ambon, Predmosti, Roc de Cave, Romiton, Saint-Germain, San Teodoro, vado All'Arancio); LUPA: Late Upper Pleistocene-Early Holocene populations from Africa (Jebel Sahaba, Lothagam, Taforalt, Wadi Halfa); NEO: Neolithic populations from Europe and Africa; RMH: Recent modern humans. #Measurements from Martin [124]; MD = Mesio-distal diameter of the crown (M.81); BL = Bucco-lingual diameter of the crown (M.81(1)). m: mean; s: standard deviation; n: number. Adjusted Z-scores (0: mean; +1/-1: upper and lower limits of the comparative group at 95%). The values in bold represent a probability less than 0.05 for #Ish25 to belong to the comparative sample. ¤ p < 0.01.
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Figure S10. Bivariate plot of the crown diameters of #Ish25 and the comparative sample (cf. Table S1).
Text S4.2 Cusp area analysis
The cusp area proportions of #Ish25 were assessed following the method described by Quam et al. [125]. However, given the complexity of the mesial marginal ridge with its two large mesial accessory cuspules, the cusp area analysis of #Ish25 is somewhat ambiguous. Following the standard protocol, the division was made to include one in each the protocone and the paracone, with the largest cuspule attributed to the protocone. 
Values of #Ish25 M1 and comparative sample means are displayed in the Table S2. The crown base area of #Ish25 is large (158.2 mm2), falling between the mean of gracile (150.6 mm2) and robust (161.5 mm2) australopithecines, and at the high end of the range for early Homo (
[image: image1.wmf]X

= 135.5 mm2, range 161.5-110.4 mm2). The cusp areas of the Ishango molar have the following relationships: protocone > paracone > metacone > hypocone. In nearly all Australopithecus and Paranthropus the paracone was between 85% and 95% the size of the metacone. Most of the early Homo also exhibited this presumed primitive (metacone > paracone) pattern.  In contrast, in nearly all later Homo fossils the paracone was found to be larger than the metacone (5%-27% larger).  This derived pattern was observed in 83.3% of the Homo erectus sample, 100% of the Neandertal sample and 85.7% of the Middle Pleistocene H. sapiens sample (note the remaining 14.3% of the Middle Pleistocene H. sapiens sample had equally sized paracone and metacone, not the primitive condition). #Ish25 M1 possesses the derived pattern with a paracone nearly 5.5% larger than the metacone. This places it to the right of the diagonal line representing equal sized paracone and metacone (Figure S11), in the later Homo conformation. The derived condition was also observed in the robust australopithecine sample (3%; one individual) and in the early Homo group (11.1%; OH39 and KNM-ER 1813) while one individual from the gracile australopithecine sample had cusps of equal size within 1% of each other) (see [125]).  
A principal components analysis of relative cusp areas shows a great deal of variation both within and between hominin species (Figure S12). PC1 (43.3% of the variation) primarily separates individuals with the primitive (negative scores) versus derived (positive scores) metacone/paracone relationship.  PC2 is more difficult to interpret, but separates, at least to some extent, those individuals with a relatively large hypocone from those with a relatively small hypocone. #Ish25 has positive scores for PC1 and PC2. Other individuals with positive scores for PC1 and PC2 include primarily Middle Pleistocene and Upper Paleolithic H. sapiens, which possess a smaller metacone relative to paracone and a smaller hypocone relative to metacone.
Table S2: Comparison of crown and cusp areas between Ishango (#Ish25) and comparative fossil groups (mm2).

	GROUPS*
	TCA
	PROTO
	PARA
	META
	HYPO
	PROTO%
	PARA%
	META%
	HYP%
	PAR/MET

	#Ish25
	158.2
	49.3
	38.7
	36.63
	33.6
	31.1
	24.4
	23.2
	21.3
	108.3

	
	
	
	
	
	
	
	
	
	
	

	SAFGRA (n=7)
	150.6
	45.9
	31.1
	36.6
	36.9
	30.5
	20.7
	24.45
	24.3
	85.25

	EAFGRA (n=3)
	150.9
	49.6
	34.05
	36.0
	31.3
	32.8
	22.6
	23.8
	20.7
	95.3

	PooledGRA
	150.6
	46.7
	31.7
	36.2
	35.7
	31.0
	21.2
	24.3
	23.5
	87.5

	
	
	
	
	
	
	
	
	
	
	

	SAFROB (n=17)
	156.7
	45.1
	34.7
	39.9
	37.1
	28.8
	22.1
	25.4
	23.6
	87.4

	EAFROB (n=3)
	188.65
	56.7
	41.1
	46.4
	44.1
	30.1
	21.8
	24.6
	23.3
	88.65

	PooledROB
	161.5
	46.8
	35.6
	40.9
	38.1
	29.0
	22.1
	25.3
	23.6
	87.6

	
	
	
	
	
	
	
	
	
	
	

	SAFEH (n=4)
	144.7
	43.1
	34.4
	35.4
	31.8
	29.7
	23.8
	24.5
	22.1
	97.1

	EAHEH (n=14)
	132.9
	38.6
	30.2
	33.3
	30.9
	29.1
	22.8
	25.4
	23.1
	91.5

	PooledEH
	135.5
	39.6
	31.1
	33.7
	31.1
	29.2
	23.0
	24.9
	22.8
	92.8

	
	
	
	
	
	
	
	
	
	
	

	HANT (n=4)
	125.4
	37.2
	31.0
	26.45
	30.75
	29.7
	24.75
	21.1
	24.5
	119.4

	HER S.L. (n=6)
	112.8
	33.7
	28.45
	26.4
	24.3
	29.9
	25.3
	23.4
	21.5
	108.9

	HHEID (n=5)
	115.8
	34.9
	28.9
	23.9
	28.1
	30.9
	25.1
	20.0
	23.9
	126.6

	NEAN (n=21)
	112.3
	33.7
	28.8
	22.9
	26.8
	29.9
	25.8
	20.6
	23.7
	126.7

	MPHS (n=7)
	111.3
	34.7
	27.5
	23.7
	25.8
	31.3
	24.8
	21.3
	22.8
	117.6

	UPHS (n=18)
	103.3
	32.7
	25.8
	23.3
	21.5
	32.2
	25.75
	22.7
	20.8
	115.2

	
	
	
	
	
	
	
	
	
	
	

	Adjusted Z-Scores
	
	
	
	
	
	
	
	
	
	

	Ish - GRA
	0.2
	0.4
	1.2
	0.1
	-0.1
	0.0
	0.9
	-0.2
	-0.3
	0.9

	Ish - ROB
	-0.1
	0.2
	0.3
	-0.4
	-0.3
	0.5
	0.6
	-0.6
	-0.5
	0.9

	Ish - EH
	0.7
	0.8
	0.9
	0.3
	0.2
	0.4
	0.3
	-0.4
	-0.3
	0.6

	Ish - LH
	1.4
	1.4
	1.4
	1.5
	0.7
	0.0
	-0.2
	0.3
	-0.2
	-0.3


*SAFGRA: South African Gracile Australopiths, EAFGRA: East African Gracile Australopiths, SAFROB: South African Robust Australopiths, EASROB: East African Robust Australopiths, SAFEH: South African early Homo, EASEH: East African early Homo, HANT: Homo antecessor, HER S.L.: Homo erectus sensu lato (H. ergaster, n=1; Asian Homo erectus, n=5), HHEID: Homo heidelbergensis; NEAN: Neandertals, MPHS: Middle Pleistocene H. sapiens, UPHS: Upper Paleolithic H. sapiens; LH: Late Homo. Details of the sample composition can be found in Quam et al. [125]. Four H. antecessor individuals (ATD6-10, ATD6-69,ATD6-103 and ATD6-11), one H. heidelbergensis specimen (Rabat), and three Upper Paleolithic H. sapiens specimens (Cisterna, Sunghir 2 and Sunghir 3) were added for this study. TCA: Total cusp area; PROTO: protocone; PARA: paracone, META: metacone; HYPO: hypocone. n: number. Adjusted Z-scores (cf. Table S1).
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Figure S11. Bivariate plot of the relative paracone area in relation to the relative metacone area. Comparative samples as in Table S2.
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Figure S12. Scatter plot of the first and second principal components of the PCA on relative cusp areas. Comparative samples as in Table S2.
Text S4.3 Two- and three-dimensional dental tissue proportions
Micro-computed tomography allows the non-destructive two- and three-dimensional analyses of dental tissue proportions of fossil teeth that cannot be physically sectioned (e.g. [126-128]). The enamel and dentine crown proportions of #Ish25 are given in Table S3 and Table S4 with the mean and range of variation of the comparative samples. The values of the closest first upper molar to #Ish25 in the Figure S14 (Australopithecus africanus, Sts 57) is displayed for information in the Table S4.

In Figure S13, three variables stand outside the upper limit of the recent modern human variation (A, the total area of the tooth crown section; B, the area of dentine under the enamel cap; E, the perimeter length of the enamel-dentine junction). #Ish25 clusters with early hominins from East and southern Africa regarding the raw values (A to E). The relative enamel thickness (RET2D) of #Ish25 attests to thicker enamel than the modern human average, as it has been characterized for Australopithecus and Paranthropus [129-131], but lies within the modern human range of variation range, like Sts 57 (dashed green line). The specimens of Middle to Upper Pleistocene Homo are closer to the modern human proportions as underlined by Smith et al. [132].   
The Figure S14 illustrates the significant negative correlation between the relative enamel thickness and the coronal dentine and pulp volume [133], showing that reduced dental size implies thicker enamel by millimeter units in the modern human sample. The position of #Ish25 is characterized by a proportionally high enamel thickness compared to modern humans. In this respect, it lies close to two early hominins M1s from Sterkfontein (Sts 57) and Swartkrans (SK 832). 
Table S3: Two-dimensional dental tissue proportions of M1 #Ish25 and the first upper molar comparative samples.
	
	A*

(mm2)
	C

(mm2)
	B

(mm2)
	E

(mm)
	BCD

(mm)
	AET2D

(mm)
	RET2D

	#Ish25
	84.89
	32.34
	52.55
	22.27
	13.8
	1.45
	20.03

	SAFGRA
	
	
	
	
	
	
	

	Sts 57
	80.54
	33.93
	46.61
	22.05
	-
	1.54
	22.54

	RMH
	
	
	
	
	
	
	

	m
	64.32
	23.23
	41.09
	18.52
	11.19
	1.18
	17.65

	s
	8.69
	5.30
	5.03
	1.06
	0.52
	0.26
	3.99

	n
	18
	18
	18
	15
	31
	16
	18

	Adjusted Z-Scores
	
	
	
	
	
	

	Ish-RMH
	1.092
	0.793
	1.051
	1.596
	2.423¤
	0.477
	0.275


*Measurement definitions following Martin [134], A: total area of the tooth crown section; C : area of the enamel cap; B : area of the dentine under the enamel cap enclosed by the enamel-dentine junction and the bi-cervical diameter; E : perimeter length of the enamel-dentine junction between the buccal and lingual cervical margins; BCD : bi-cervical diameter; AET2D: average enamel thickness; RET2D: scale-free relative enamel thickness. SAFGRA: Australopithecus africanus (Sterkfontein, [131]); RMH: Recent modern humans (pooled data, [134-136]). m: mean; s: standard deviation; n: number. Adjusted Z-scores values in bold represent a probability inferior to 0.05 for #Ish25 to belong to the comparative sample. ¤ p < 0.01.
Table S4: Three-dimensional dental tissue proportion of M1 #Ish25 and the pooled upper molar comparative samples.
	
	CVOL*

(mm3)
	EVOL

(mm3)
	DPVOL

(mm3)
	EDJsa

(mm2)
	AET3D

(mm)
	RET3D

	#Ish25
	869.03
	414.22
	454.81
	271.04
	1.53
	19.87

	SAFGRA
	
	
	
	
	
	

	Sts 57
	873.37
	382.29
	491.08
	240.58
	1.59
	20.14

	NEAN
	
	
	
	
	
	

	m
	570.08
	232.14
	337.94
	220.73
	1.06
	15.27

	s
	69.84
	22.20
	54.80
	23.37
	0.09
	1.76

	n
	10
	10
	10
	10
	10
	10

	RMH
	
	
	
	
	
	

	m
	427.78
	211.77
	216.00
	158.08
	1.41
	24.31

	s
	89.16
	36.67
	63.48
	47.90
	0.29
	6.69

	n
	24
	24
	24
	24
	24
	24

	Adjusted Z-Scores
	
	
	
	
	

	Ish-NEAN
	1.804¤
	3.457¤
	0.899
	0.907
	2.201¤
	1.102

	Ish-RMH
	2.344¤
	2.615¤
	1.782¤
	1.117
	0.196
	-0.314


*Measurement definitions following Kono [135] & Olejniczak [137]. CVOL: volume of the crown; EVOL: volume of the enamel cap; DPVOL: volume of the crown dentine & pulp; EDJsa: surface area of the enamel-dentine junction; AET3D: the average enamel thickness; RET3D: the scale-free relative enamel thickness.
SAFGRA: Australopithecus africanus (Sterkfontein); NEAN: Specimens attributed to Neandertal lineage from Eurasia (Engis, Le Moustier, Scladina, El Sidron); RMH: Recent modern humans. m: mean; s: standard deviation; n: number. Adjusted Z-scores values in bold represent a probability inferior to 0.05 for #Ish25 to belong to the comparative sample. ¤ p < 0.01.
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Figure S13. Adjusted Z-scores of the two-dimensional dental tissue proportions of #Ish25. 

It is compared to the mean and the range of variation of pooled recent modern human samples. Adjusted Z-scores of specimens or average values of comparative groups of australopiths and fossil Homo are also displayed. The number of specimens for the fossil comparative groups is given between brackets. The zero-line represents the mean of the RMH sample, the -1 / + 1 lines represents the 95% lower and upper limits of the RMH variation. Comparative samples are defined in Table S2, and the measurements in Table S3.
[image: image17.jpg]Shape only Size and shape

Ishango (blue) vs Ishango (blue) vs Ishango (blue) vs
Mean post-Lower Pleistocene (brown)  Mean post-Lower Pleistocene (brown) Mean post-Lower Pleistocene (brown)

Z O

Ishango (blue) vs Ishango (blue) vs Ishango (blue) vs
Mean Plio-Pleistocene (red) Mean Plio-Pleistocene (red) Mean Plio-Pleistocene (red)

{buccal view} {occlusal view} {occlusal view}



[image: image18.jpg]Relative enamel thickness (RET3D)

28

18

Volume of coronal dentine (DPVOL)

0 200 400 600 800

Dental Tissue Proportions

w #Ish25
€ SAFGRA
O SAFROB

O NEAN
2 RMH =-0.8168; p<107(-6)





Figure S14. Bivariate plot of the volume of coronal dentine (DPVOL) and the relative enamel thickness (RET3D). 

The regression line for the recent modern human sample is illustrated. Comparative samples as in Table S2.
Text S4.4 Enamel-dentine junction (EDJ) morphology
Since, it has been demonstrated that the shape of the EDJ reliably discriminates between closely related species of extant apes [138], as well as of fossil hominins [139], landmarks and semilandmarks were used to characterize and compare the EDJ morphology of the Ishango molar. This analysis involved the following steps: microtomographic scanning and EDJ surface generation, geometric morphometric analysis, principal components and canonical variates analysis, and visualization of shape differences between #Ish25 and comparative taxa. Table S5 lists the first molar comparative sample and Table S6 lists the second molar comparative sample. The latter was only used to confirm that #Ish25 is a first molar (see below).

Microtomography and EDJ surface generation
Each molar was microCT scanned at the Max Planck Institute for Evolutionary Anthropology in Leipzig, Germany using either an industrial or desktop microCT system with a resultant voxel resolution ranging from 14 – 70µm. The image stacks of each tooth were filtered (using a computer programmed macro that employs a three-dimensional median and mean-of-least-variance filter) to improve tissue grayscale homogeneity and then manually segmented into enamel and dentine components using Avizo (v6.1). The EDJ of each molar was extracted as a digital surface model (.ply format).
Geometric morphometric analysis
The EDJ surface models were imported into Avizo for the collection of three sets of 3D anatomical landmarks (Figure S15). The first set (referred to as ‘MAIN’) included four landmarks: one on the tip of the dentine horn of each primary cusp. The second set includes 50 to 70 landmarks along the tops of the ridges that connect the four dentine horns. This set of points forms a continuous line, beginning at the tip of the protocone and moving in a buccal direction. The third set includes about 40 landmarks along the cervix of the molar, beginning at the midpoint of the buccal face and continuing in a lingual direction. As the ridge and cervix curves were later resampled (see below), it was not initially necessary that the same number of points be placed along the curve for each specimen. Thus, the spacing of points was dictated such that they did not touch adjacent neighbours, but was not so far apart as to misrepresent aspects of the curve (as represented in Figure S15).
The process by which a corresponding set of landmarks and semilandmarks [140-141] was generated for each specimen was as follows. First, for the ridge and cervix landmarks a smooth curve was fitted by starting at an initial point (the first collected landmark) and moving lingually around the curve. A cubic spline was used so that the curve is forced to pass through each measured coordinate. The four MAIN homologous landmarks were projected onto the ridge curve, dividing it into four sections. For each section, a large sample of very closely spaced coordinates was computed along the curve, and the distances between adjacent coordinates were calculated and summed together to approximate the length along the curve segments between the MAIN landmarks. Each length was divided by a given number based on an estimate of the relative contribution of each section of the ridge curve across the molars in the study sample (protocone-paracone = 18; paracone-metacone = 15; metacone-hypocone = 12; hypocone-protocone = 15), and the coordinate location at each equally spaced distance was recorded (Figure S15). This step was repeated for the cervix curve, but in this case 30 equally spaced landmarks were derived. Thus, at this stage, all specimens had the same total number of landmarks (i.e. the homologous, fixed, landmarks on the tips of the dentine horns, plus equal numbers of semilandmarks on the ridge and cervix curves). We used the algorithm described by Gunz et al. [141-142], which allows semilandmarks to slide along tangents to the curve. These tangents were approximated for each semilandmark as the vector between the two neighbouring points. Semilandmarks were iteratively allowed to slide along their respective curves to minimize the bending energy of the thinplate spline interpolation function computed between each specimen and the Procrustes average for the sample. After the application of the sliding algorithm, the four fixed landmarks and the 90 semilandmarks for the curves were considered homologous among each of the study specimens. 
Each set of landmarks and semilandmarks was converted to shape coordinates by generalized least squares Procrustes superimposition [143-144]. This removed information about location and orientation from the raw coordinates and standardized each specimen to unit centroid size; a size-measure computed as the square root of the sum of squared Euclidean distances from each semilandmark to the specimen’s centroid [145]. All data processing was done in Mathematica v6.0 (www. wolfram.com) using a software routine written by Philipp Gunz.


Figure S15. Illustration of landmarks collected on the ridge curve, cervix curve and main dentine horns. 

Numbers in brackets represent the number of resampled landmarks for each curve (see text for details). The enamel cap has been made transparent.
Table S5: First molar sample used to analyze EDJ shape of the #Ish25 molar.
	Group*
	N
	Specimens

	SAFGRA
	10
	Sterkfontein: Sts 1, 8, 24, 56, 57, Stw 183, 252J, 402, 450

Taung: Taung 1

	SAFROB
	13
	DNH 57B, 60A

Swartkrans: SK 13.14, 16.1591, 47, 48, 52, 102, 829, 832, 838a, 89a

Kromdraai: TM 1517

	EH
	5
	Drimolen: DNH 39, 70

Koobi Fora: KNM-ER 1590L

Swartkrans: SKX 268

Sterkfontein: STW 151

	HER
	2
	Sangiran: S4, S7 3b

	NEAN
	14
	Krapina: KPR 45, 46, D100, D134, D136, D171

La Quina: H18

Kebara: KMH 21

Combe-Grenal: XIII

Bourgeois-Delaunay: BD8

Roc de Marsal: Roc de Marsal 1

Scladina : 4A

El Sidron : SD 1105

Steinheim : Steinheim 1

	MPHS
	5
	Qafzeh: Qafzeh 9, 10, 11, 15

Skhul: Skhul 1

	RMH
	19
	National Museum of Natural History: 10 molars of unknown provenience

MPI-EVA: 5 molars from clinical extractions from Germany

Royal Belgian Institute of Natural Sciences RBINS, Belgium : 4 Neolithic specimens

	Total
	68
	


*SAFGRA: Australopithecus africanus; SAFROB: Paranthropus robustus; EH: Early Homo; HER: Homo erectus; NEAN: Specimens attributed to Neandertal lineage from Eurasia; MPHS: Middle Palaeolithic Homo sapiens from Southwest Asia; RMH: Recent modern humans. N: number.
Principal components and canonical variates analysis

To assess the taxonomic affinity of the Ishango molar, based on EDJ shape, we performed a principal component analysis in shape space on the Procrustes coordinates of each specimen. We then assessed the classification of #Ish25 as a first or second molar using a cross-validated canonical variates analysis using 5-20 PCs. Table S7 summarizes the classification accuracy of the comparative sample. Classifications to tooth position (92-100%), taxon (92-100%) and tooth position AND taxon (83-100%) are very high and suggest that EDJ morphology can be used to determine the tooth position and taxonomic affinity of #Ish25. 

When classified in the combined M1/M2 comparative sample #Ish25 classifies as follows (see Table S5 for group abbreviations): 47% MPHS first molar, 23% MPHS second molar, 18% EH first molar, 11% SAFGRA first molar, and 11% SAFROB first molar. Regarding tooth position this suggests that #Ish25 is a first molar, which is consistent with other qualitative aspects of tooth crown morphology (see main text). 

Treating #Ish25 as a first molar, we then assessed its taxonomic affiliation using a cross-validated canonical variates analysis of the principal components of shape variation (using each of 5-20 PCs). In this case #Ish25 classifies 68% to a combined EH/ERECT group and 32% as MPHS or, if we exclude the two Sangiran specimens 58% to EH, 31% to MPHS and 11% to SAFROB. 

Table S6: Second molar sample used to assess the classification of #Ish25 as a first molar.

	Group*
	N
	Specimens

	SAFGRA
	12
	Sterkfontein: Sts 8, 22, 28, 30, 52a, 56, Stw 183, 188, 252I, 280, 498a, TM 1511

	SAFROB
	10
	Swartkrans: SK13.14, 16.1591, 47, 48, 49, 52, 826a2, 834, SKW 33,

Kromdraai: TM 1517

	EH
	5
	Koobi Fora: KNM-ER 1590, 1808H, 1813

Swartkrans: SK 27

Sterkfontein: SE 1508

	NEAN
	18
	Krapina: D96, D98, D101, D135, D165, D166, D169, D175, D177

Combe-Grenal: IX

Bourgeois-Delaunay: BD8

Le Moustier: Le Moustier

Scladina: 4A

El Sidron: SD 4, 407, 551

Saint-Césaire: Saint-Césaire 1

Steinheim: Steinheim 1

	MPHS
	7
	Qafzeh: 9, 10, 11, 15

Equus Cave: EQ H10

Combe Capelle: Combe Capelle

Oberkassel: D999

	RMH
	22
	National Museum of Natural History: 1 molar of unknown provenience

MPI-EVA: 9 molars from clinical extractions from Germany, 8 archeological specimens

Royal Belgian Institute of Natural Sciences RBINS, Belgium : 4 Neolithic specimens

	Total
	74
	


*Abbreviation as in Table S5.
Table S7. Classification of the M1/M2 comparative sample using a cross-validated CVA.

	Taxon
	N
	Tooth position
	Taxon
	Tooth and Taxon

	RMH
	41
	98%
	95%
	93%

	MPHS
	12
	92%
	92%
	83%

	NEAN
	32
	94%
	100%
	94%

	EH
	10
	100%
	100%
	100%

	SAFGRA
	23
	100%
	95%
	95%

	SAFROB
	23
	100%
	96%
	96%


*Abbreviation as in Table S5. Note that the HER specimens from Sangiran were not included in this assessment of overall classification accuracy.

Visualization of #Ish25 EDJ shape relative to comparative taxa

By calculating the mean shape of the first molar EDJ ridge and cervix curves for Plio-Pleistocene (including SAFGRA, SAFROB, EH) and Upper Pleistocene (including NEAN, MPHS, RMH), we are able to visualize the shape similarity of #Ish25 to these two groups. Figure S16 illustrates the fact that in both shape and form space #Ish25 more closely resembles the EDJ of the Plio-Pleistocene sample. 


Figure S16. Comparison of the EDJ shape of #Ish25. 

The blue lines represent the measured EDJ ridge and cervix curves of #Ish25. The mean shape of the post-Lower Pleistocene sample is given in brown (top), and the mean shape of the Plio-Pleistocene sample in red (bottom). 
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� The back page list from the notebook is identical to the one given on the back page of the previous letter under the mention "Report Tuesday night 25".


� Up to the 400th sample, which marks the end of the 1950's excavation at Ishango (the 18/VII) all the samples containing human remains where detailed the same way as sample 18. Although two isolated teeth were found at Ishango and marked as belonging to the NFPr layer, neither are mentioned in de Heinzelin’s notebook.
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