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Text S1: Method details

Up to 36 ASUDAS (Arizona State University Dental Anthropology System) traits [refer list to Table S1 below; definitions in Scott & Irish (2017)] were used in the study. These are the same intra-oral morphological features used in prior studies by the first author (references provided in Irish 2005; Irish & Usai 2021). Their recording entails referencing standardized expressions on an ordinal, i.e., rank scale to minimize inconsistency among observers, which is not an issue here because all data were collected by the first author. Other advantages of ASUDAS traits include: 1) little or no sexual dimorphism to permit pooling of the sexes for greater sample sizes, 2) observability despite some crown wear, and 3) conservative evolution, which is critical for diachronic analyses (Scott & Irish 2017). To simplify the tabular presentation of percentages, and as required for the mean measure of divergence (MMD) (Irish 2010), all data were then dichotomized into standard present/absent states (e.g. see Irish & Usai 2021). Dichotomization has also been shown to increase trait heritability (Stojanowski et al. 2019). The MMD calculates affinities between sample pairs, where high values indicate dissimilarity and vice versa. The formula helps correct for low (≤0.05) or high (≥0.95) trait frequencies and small samples (n < 10). To determine if two samples differ significantly, MMD distances are compared with their standard deviations to test the null hypothesis that Population 1 = Population 2, with rejection at a 0.05 alpha (details and references in Irish 2010; Sołtysiak 2011). 
	Although the MMD is a robust statistic, deletion of problematical traits can provide finer grain resolution. Such traits include those which: 1) comprise fewer observations than the mathematical correction is designed for, 2) exhibit strong pairwise correlations, and/or 3) are invariant across samples. Following standard protocol (Irish & Guatelli-Steinberg 2003), the first step is to identify and remove traits of very small sample size, e.g. only one of the Kadero specimens was recorded for the palatine torus (see Table S1). Second, correlations are assessed by submitting the ordinal level data to Kendall’s tau-b correlation coefficient, to identify and remove affected traits as necessary. Third, traits fixed at/near 0% or 100% across samples are deleted; for those that are less obvious yet provide minimal variation, principal components analysis (PCA) is used, where those with low PC loadings are dropped. 
	Finally, beyond matrices of inter-sample MMD distances, the phenetic affinities are visualized here in two ways. First, using interval-level 3D multidimensional scaling (MDS) (Kruskal & Wish 1978) and second, to afford more detail concerning the Neolithic samples only, via hierarchical agglomerative cluster analysis (Aldenderfer & Blashfield 1984); both methods were accessed and imaged using SPSS statistical software (v. 28.0).
Text S2: Results details
The presence/absence breakpoints, percentages of presence, and total observations for the 36 ASUDAS traits were tabulated for all 19 samples (Table S1). To gain a preliminary indication of affinities this suite of traits was submitted to the MMD, to provide a distance matrix (Table S2) as visualized with MDS in the main text (Figure 2). Noticeable uniformity among samples is implied by a quick review of trait percentages and relatively low MMD values, all <0.16, excluding the regional outlier Jebel Moya (JEM). This is evident by the proximate grouping of samples regardless of date or location within the Middle Nile Valley region. Focusing on the Neolithic samples only, Upper Nubian R12 and Central Sudanese Ghaba (GHB), Kadero (KAD) and Al Khiday (AKN) share low insignificant distances. Gebel Ramlah (GRM), from Lower Nubia, differs significantly from all of them (p-values ≤0.03). Kruskal’s Stress 1 and R2 values of 0.167 and 0.819, respectively, for the MDS are not particularly strong, which is not unexpected with low inter-sample distances (Kruskal & Wish 1978). However, a scree stress plot (not shown) indicates that a 3D solution is most practical. That is, additional dimensions would improve the two values, but they contribute mostly non-systemic noise (Borgatti 1997) and complicate visual interpretation. 
	The 36 traits were then edited as described. Given the study’s focus, three traits were removed straightaway because of few observations for three Neolithic samples: 1) palatine torus [GHB, 3 observations (k), AKN, k=8, KAD, k=1], 2) mandibular torus (KAD, k=4), and 3) rocker jaw (GHB, k=5, KAD, k=4). Next, high pairwise correlations of τb≥|0.8| prompted the deletion of five additional traits: 4) UI1 winging, 5) UI1 shovelling, 6) UI2 interruption groove, 7) LM1 cusp number, and 8) LM1 C1-C2 crest. Lastly, no traits are fixed across samples, so percentages (Table S1) for the remaining 28 were submitted to PCA; across eight components with eigenvalues >1.0—accounting for 81.34% of the total variance, loadings of ≤|0.5| dictated removal of three more traits, namely: 9) UI1 midline diastema, 10) LP2 lingual cusp, and 11) LM1 deflecting wrinkle (Table S3). This left 25 traits for the final analysis (indicated in Table S1). 
	The full 19-sample MMD matrix is presented in Table S4. General among-sample similarity is again implied, though with all distances now <0.17, excluding Jebel Moya (JEM). Some increases, while slight, are also seen across samples, with a mean MMD of 0.05 vs. 0.04 for the 36-trait comparison, again excluding JEM. These changes are visualized by the MDS configuration in the main text (Figure 3), which still shows one large grouping but with some shifting of samples. For this solution the Kruskal’s Stress 1 value of 0.164 improved, but the R2, 0.810, decreased, in both cases slightly. As before, a stress scree plot signposts the practicality of three dimensions (Figure S1). 
A noteworthy change in the MDS plot is the indication of regionality. Lower Nubian samples are positioned on the near side, while Upper Nubians, Central Sudanese, plus JEM are largely on the far side. Neolithic Upper Nubian R12 and Central Sudanese GHB, KAD and AKN are closer together relative to the other regional samples. That said, although the MMD distances are relatively low, GHB does differ significantly from R12 (MMD=0.050, p=0.03) and AKN (MMD=0.058, p=0.05). Neolithic Lower Nubian GRM is farther from the grouping, remaining significantly different from all of the other Neolithic samples (MMD=0.068-0.112, p=0.00) (Table S4). These distances were submitted to hierarchical cluster analysis, which can be helpful for visualizing more specific affinities in a fewer number of samples (Irish 1993). A single-linkage dendrogram is provided in the main text (Figure 4). However, all common cluster methods (i.e. complete-, between groups-, within groups-, Ward’s, etc.) return identical results, indicating that the affinities are suitably rendered and not an artefact of the particular method. 



10


Table S1. Percentages and numbers of individuals scored for the 36 ASUDAS traits in each of the 19 dental samples.1 

	TRAIT/
GRADES PRESENT
	 
	GRM2
	AGR
	CGR
	HCG
	PHA
	MER
	XGR
	CHR
	AKH
	GHB2
	R122
	AKN2
	KAD2
	KAM
	KMC
	SOL
	TOM
	KUS
	JEM

	Winging UI1
	%
	0.00
	2.56
	6.12
	0.00
	3.33
	12.82
	5.71
	7.69
	0.00
	0.00
	0.00
	0.00
	5.88
	6.25
	5.36
	8.33
	4.88
	4.17
	9.09

	(+=ASU 1)
	n
	36
	39
	49
	29
	30
	39
	35
	26
	11
	8
	18
	16
	17
	32
	56
	24
	41
	48
	33

	Labial Curvature UI13
	%
	45.45
	43.48
	57.89
	33.33
	40.00
	24.39
	38.89
	53.85
	63.64
	22.22
	36.00
	55.00
	62.07
	40.00
	38.46
	50.00
	37.50
	15.63
	39.29

	(+=ASU 2-4)              
	n
	44
	23
	19
	18
	5
	41
	18
	13
	22
	27
	25
	20
	29
	35
	13
	8
	16
	32
	28

	Palatine Torus
	%
	0.00
	0.00
	0.00
	0.00
	0.00
	10.71
	10.20
	8.82
	0.00
	0.00
	7.69
	0.00
	0.00
	7.14
	1.82
	10.34
	2.33
	3.13
	0.00

	(+=ASU 2-3)              
	n
	30
	24
	42
	23
	29
	84
	49
	34
	30
	3
	13
	8
	1
	28
	55
	29
	43
	32
	31

	Shovelling UI1
	%
	45.00
	15.79
	10.53
	25.00
	25.00
	38.89
	25.00
	8.33
	21.05
	5.00
	0.00
	0.00
	15.00
	46.67
	22.22
	11.11
	14.29
	26.92
	0.00

	(+=ASU 2-6)              
	n
	40
	19
	19
	16
	4
	36
	12
	12
	19
	20
	22
	16
	20
	30
	9
	9
	14
	26
	25

	Double Shovelling UI13
	%
	4.55
	0.00
	0.00
	0.00
	0.00
	4.55
	6.67
	15.38
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	3.70
	0.00

	(+=ASU 2-6)              
	n
	44
	21
	17
	17
	3
	44
	15
	13
	20
	31
	28
	22
	28
	32
	7
	8
	15
	27
	27

	Interruption Groove UI2
	%
	22.22
	4.35
	25.00
	0.00
	20.00
	36.17
	40.00
	26.67
	16.67
	10.00
	21.05
	15.38
	9.09
	15.38
	9.09
	30.77
	18.18
	26.09
	0.00

	(+=ASU +)           
	n
	36
	23
	20
	10
	5
	47
	15
	15
	24
	20
	19
	13
	22
	26
	11
	13
	11
	23
	35

	Tuberculum Dentale UI23
	%
	54.05
	13.04
	35.00
	27.27
	20.00
	40.48
	42.86
	21.43
	34.78
	22.22
	26.32
	15.38
	29.41
	61.54
	8.33
	25.00
	27.27
	50.00
	5.88

	(+=ASU 2-6)              
	n
	37
	23
	20
	11
	5
	42
	14
	14
	23
	18
	19
	13
	17
	26
	12
	12
	11
	22
	34

	Bushman Canine UC3
	%
	11.43
	11.54
	0.00
	0.00
	0.00
	19.61
	10.00
	33.33
	35.00
	6.25
	0.00
	9.09
	4.00
	0.00
	16.67
	0.00
	0.00
	10.00
	10.00

	(+=ASU 1-3)              
	n
	35
	26
	26
	11
	8
	51
	20
	12
	20
	32
	19
	11
	25
	30
	18
	11
	11
	20
	40

	Distal Acc. Ridge UC3
	%
	46.43
	33.33
	12.50
	11.11
	50.00
	30.95
	21.43
	22.22
	21.43
	40.00
	35.29
	10.00
	38.89
	20.83
	18.18
	0.00
	0.00
	42.86
	11.54

	(+=ASU 2-5)              
	n
	28
	18
	16
	9
	4
	42
	14
	9
	14
	30
	17
	10
	18
	24
	11
	7
	6
	14
	26

	Hypocone UM23
	%
	93.75
	73.68
	76.09
	90.48
	83.33
	78.48
	85.71
	72.73
	72.73
	92.19
	93.75
	80.00
	84.85
	84.85
	91.67
	78.95
	92.59
	87.88
	73.33

	(+=ASU 3-5)              
	n
	48
	38
	46
	21
	24
	79
	35
	22
	33
	64
	32
	20
	33
	33
	48
	19
	27
	33
	45

	Cusp 5 UM13
	%
	16.67
	12.00
	40.00
	37.50
	16.67
	10.94
	21.21
	25.00
	0.00
	13.33
	8.70
	5.56
	5.26
	30.00
	24.14
	14.29
	9.09
	28.57
	5.26

	(+=ASU 2-5)              
	n
	30
	25
	25
	8
	12
	64
	33
	20
	20
	30
	23
	18
	19
	20
	29
	7
	11
	14
	38

	Carabelli's Trait UM13
	%
	88.57
	73.08
	75.00
	72.73
	78.57
	58.62
	60.71
	75.00
	42.11
	33.33
	73.91
	41.18
	30.43
	82.35
	51.61
	12.50
	53.85
	55.00
	18.18

	(+=ASU 2-7)              
	n
	35
	26
	24
	11
	14
	58
	28
	16
	19
	36
	23
	17
	23
	17
	31
	8
	13
	20
	33

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Parastyle UM33
	%
	2.50
	0.00
	2.50
	0.00
	4.35
	0.00
	4.00
	0.00
	4.55
	0.00
	0.00
	0.00
	0.00
	6.06
	5.41
	0.00
	5.00
	0.00
	0.00

	(+=ASU 1-5)              
	n
	40
	40
	40
	16
	23
	58
	25
	20
	22
	62
	27
	21
	34
	33
	37
	15
	20
	29
	38

	Enamel Extension UM13
	%
	7.89
	5.00
	2.33
	9.09
	0.00
	13.48
	6.67
	4.17
	0.00
	28.57
	4.17
	0.00
	15.38
	0.00
	4.00
	10.00
	13.04
	12.50
	2.63

	(+=ASU 1-3)              
	n
	38
	40
	43
	11
	27
	89
	45
	24
	15
	7
	24
	16
	13
	19
	50
	20
	23
	32
	38

	Root Number UP13
	%
	69.05
	72.41
	82.98
	84.21
	72.00
	53.85
	70.73
	73.08
	85.71
	35.71
	82.61
	83.33
	66.67
	63.16
	80.39
	69.23
	78.26
	57.14
	77.27

	(+=ASU 2+)               
	n
	42
	29
	47
	19
	25
	78
	41
	26
	21
	14
	23
	12
	15
	38
	51
	13
	46
	49
	22

	Root Number UM23
	%
	66.67
	77.78
	86.67
	69.23
	84.21
	81.67
	90.32
	100.00
	90.48
	83.33
	92.00
	92.86
	79.17
	80.00
	90.24
	90.91
	78.79
	61.54
	96.30

	(+=ASU 3+)               
	n
	39
	27
	30
	13
	19
	60
	31
	24
	21
	24
	25
	14
	24
	35
	41
	11
	33
	39
	27

	Peg-Reduced UI23
	%
	6.12
	4.76
	0.00
	3.70
	11.11
	1.85
	4.76
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	4.65
	1.59
	0.00
	2.22
	0.00
	0.00

	(+=ASU P or R)
	n
	49
	42
	56
	27
	36
	54
	42
	31
	41
	33
	31
	21
	20
	43
	63
	24
	45
	54
	49

	Odontome P1-P23
	%
	2.94
	0.00
	5.26
	4.35
	0.00
	0.00
	0.00
	0.00
	6.90
	1.22
	0.00
	0.00
	0.00
	2.94
	0.00
	0.00
	9.68
	2.63
	0.00

	(+=ASU +)           
	n
	34
	36
	38
	23
	21
	82
	31
	19
	29
	82
	23
	21
	38
	34
	41
	12
	31
	38
	50

	Congenital Absence UM33
	%
	11.54
	4.44
	7.14
	3.70
	3.03
	5.00
	9.76
	6.45
	3.03
	1.41
	0.00
	0.00
	0.00
	2.50
	16.67
	11.54
	2.17
	9.62
	1.96

	(+=ASU -)           
	n
	52
	45
	56
	27
	33
	80
	41
	31
	33
	71
	36
	24
	37
	40
	60
	26
	46
	52
	51

	Midline Diastema UI1
	%
	10.81
	5.88
	0.00
	3.85
	3.03
	8.70
	3.57
	0.00
	11.11
	0.00
	0.00
	0.00
	0.00
	2.63
	3.33
	0.00
	4.88
	8.51
	2.94

	(+>0.5 mm)              
	n
	37
	34
	52
	26
	33
	23
	28
	23
	9
	9
	19
	16
	16
	38
	60
	25
	41
	47
	34

	Lingual Cusp LP2
	%
	64.29
	80.00
	72.41
	75.00
	75.00
	86.00
	100.00
	83.33
	80.00
	84.48
	93.10
	76.47
	85.71
	66.67
	86.36
	44.44
	86.36
	75.00
	48.72

	(+=ASU 2-9)
	n
	28
	35
	29
	16
	8
	50
	18
	12
	25
	58
	29
	17
	28
	24
	22
	9
	22
	28
	39

	Anterior Fovea LM13
	%
	47.62
	20.00
	81.25
	40.00
	0.00
	40.00
	57.89
	33.33
	46.15
	37.04
	47.37
	50.00
	54.55
	45.45
	43.75
	40.00
	12.50
	58.33
	64.00

	(+=ASU 2-4)
	n
	21
	15
	16
	10
	2
	35
	19
	9
	13
	27
	19
	10
	22
	11
	16
	5
	8
	12
	25

	Mandibular Torus
	%
	2.13
	0.00
	0.00
	0.00
	0.00
	1.23
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	2.17
	0.00
	0.00
	0.00
	0.00
	0.00

	(+=ASU 2-3)
	n
	47
	43
	50
	31
	24
	81
	52
	39
	38
	10
	28
	22
	4
	46
	60
	31
	49
	52
	45

	Groove Pattern LM23
	%
	64.44
	63.41
	50.00
	50.00
	25.00
	10.53
	28.95
	33.33
	37.50
	45.45
	42.86
	68.18
	44.12
	45.71
	41.30
	52.94
	22.86
	45.45
	48.89

	(+=ASU Y)
	n
	45
	41
	46
	24
	16
	76
	38
	18
	32
	77
	35
	22
	34
	35
	46
	17
	35
	44
	45

	Rocker Jaw
	%
	18.18
	5.88
	27.27
	15.15
	11.11
	21.95
	13.21
	25.64
	0.00
	20.00
	0.00
	5.88
	0.00
	2.38
	5.26
	10.71
	2.08
	18.18
	2.13

	(+=ASU 1-2)
	n
	44
	34
	44
	33
	18
	82
	53
	39
	37
	5
	21
	17
	4
	42
	57
	28
	48
	44
	47

	Cusp Number LM1
	%
	11.76
	3.13
	5.71
	5.88
	0.00
	6.94
	5.71
	9.09
	5.00
	2.17
	13.79
	5.56
	6.25
	15.79
	0.00
	0.00
	0.00
	5.71
	6.52

	(+=ASU 6+)
	n
	34
	32
	35
	17
	9
	72
	35
	11
	20
	46
	29
	18
	32
	19
	28
	8
	15
	35
	46

	Cusp Number LM23
	%
	78.95
	32.14
	56.25
	47.37
	25.00
	33.33
	33.33
	33.33
	64.29
	64.06
	50.00
	45.00
	72.41
	54.55
	41.18
	26.67
	50.00
	51.61
	50.00

	(+=ASU 5+)
	n
	38
	28
	32
	19
	16
	75
	33
	18
	28
	64
	28
	20
	29
	22
	34
	15
	26
	31
	38

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Deflecting Wrinkle LM1
	%
	34.78
	12.00
	36.36
	38.46
	50.00
	7.02
	11.11
	0.00
	19.05
	11.43
	7.14
	16.67
	0.00
	11.76
	11.11
	0.00
	0.00
	20.69
	18.92

	(+=ASU 2-3)
	n
	23
	25
	22
	13
	6
	57
	27
	8
	21
	35
	28
	18
	25
	17
	27
	4
	9
	29
	37

	C1-C2 Crest LM1
	%
	0.00
	0.00
	0.00
	0.00
	0.00
	4.92
	0.00
	0.00
	0.00
	0.00
	3.85
	0.00
	20.00
	0.00
	0.00
	0.00
	0.00
	3.57
	0.00

	(+=ASU +)
	n
	28
	26
	26
	13
	8
	61
	28
	8
	20
	37
	26
	17
	25
	17
	27
	4
	9
	28
	41

	Protostylid LM13
	%
	29.41
	2.94
	32.26
	44.44
	14.29
	49.28
	27.50
	28.57
	15.00
	14.29
	21.88
	5.00
	31.03
	21.05
	11.54
	28.57
	37.50
	25.00
	2.44

	(+=ASU 1-6)
	n
	34
	34
	31
	18
	7
	69
	40
	14
	20
	42
	32
	20
	29
	19
	26
	7
	8
	32
	41

	Cusp 7 LM13
	%
	6.82
	7.14
	11.63
	12.50
	0.00
	3.53
	14.58
	0.00
	25.00
	14.81
	20.00
	8.33
	13.89
	13.79
	17.14
	0.00
	8.33
	14.29
	19.61

	(+=ASU 2-4)
	n
	44
	42
	43
	24
	12
	85
	48
	17
	32
	54
	40
	24
	36
	29
	35
	17
	24
	42
	51

	Tome's Root LP13
	%
	9.30
	15.38
	19.57
	19.35
	8.70
	6.00
	2.86
	17.24
	70.00
	9.52
	16.67
	33.33
	33.33
	34.15
	25.00
	10.53
	20.41
	13.46
	14.29

	(+=ASU 3-5)
	n
	43
	26
	46
	31
	23
	50
	35
	29
	10
	21
	24
	12
	15
	41
	52
	19
	49
	52
	21

	Root Number LC3
	%
	3.92
	2.63
	8.16
	6.06
	4.17
	1.54
	0.00
	0.00
	0.00
	2.63
	3.13
	5.56
	0.00
	0.00
	1.92
	5.56
	4.26
	1.82
	0.00

	(+=ASU 2+)
	n
	51
	38
	49
	33
	24
	65
	43
	33
	25
	38
	32
	18
	19
	47
	52
	18
	47
	55
	24

	Root Number LM13
	%
	0.00
	2.70
	2.56
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	6.25
	0.00
	0.00
	0.00
	2.04
	0.00
	3.13
	2.08
	0.00

	(+=ASU 3+)
	n
	51
	37
	39
	23
	15
	45
	29
	17
	29
	44
	32
	17
	24
	38
	49
	16
	32
	48
	26

	Root Number LM23
	%
	84.00
	84.62
	91.18
	92.31
	91.67
	89.58
	92.00
	89.47
	81.25
	88.89
	96.55
	90.91
	89.29
	84.21
	94.00
	80.00
	80.49
	88.89
	100.00

	(+=ASU 2+)
	n
	50
	26
	34
	26
	12
	48
	25
	19
	16
	36
	29
	11
	28
	38
	50
	20
	41
	45
	20

	Torsomolar Angle LM33
	%
	7.69
	4.88
	4.76
	14.29
	0.00
	16.67
	16.67
	11.11
	6.06
	0.00
	6.25
	4.55
	0.00
	7.69
	15.69
	5.26
	11.11
	4.35
	2.38

	(+=ASU +)
	n
	52
	41
	42
	28
	20
	60
	30
	18
	33
	57
	32
	22
	30
	39
	51
	19
	45
	46
	42



1Samples are listed in the same order as Table 1 in the main text. See the latter for sample information. 
2The five Neolithic samples. 
3The 25 traits used for the final MMD analysis. See Text S2 for details. 



Table S2. Matrix of MMD distances (bottom diagonal) and their p-values (top diagonal) based on 36 dental traits among the 19 samples.1 

	 
	GRM
	AGR
	CGR
	HCG
	PHA
	MER
	XGR
	CHR
	AKH
	GHB
	R12
	AKN
	KAD
	KAM
	KMC
	SOL
	TOM
	KUS
	JEM

	Gebel Ramlah
	
	0.00
	0.00
	0.68
	0.84
	0.00
	0.00
	0.00
	0.00
	0.002
	0.00
	0.00
	0.03
	0.08
	0.00
	0.00
	0.00
	0.31
	0.00

	A-Group
	0.074
	
	0.00
	0.65
	1.00
	0.00
	0.00
	0.27
	0.00
	0.29
	0.09
	1.00
	0.36
	0.00
	1.00
	0.28
	0.18
	0.01
	0.00

	C-Group
	0.065
	0.086
	
	1.00
	0.45
	0.00
	0.00
	0.02
	0.00
	0.00
	0.00
	0.51
	0.09
	0.02
	0.02
	0.33
	0.00
	0.01
	0.00

	C-Group HK
	0.009
	0.011
	0.000
	
	1.00
	0.00
	0.11
	0.06
	0.00
	0.24
	0.19
	0.60
	0.34
	1.00
	1.00
	0.57
	1.00
	1.00
	0.00

	Pharaonic
	0.008
	0.000
	0.032
	0.000
	
	0.48
	0.86
	1.00
	0.07
	0.56
	0.55
	0.82
	0.29
	0.94
	1.00
	0.76
	0.95
	0.94
	0.00

	Meroitic
	0.116
	0.109
	0.139
	0.081
	0.027
	
	0.80
	0.43
	0.00
	0.00
	0.00
	0.00
	0.13
	0.00
	0.00
	0.10
	0.01
	0.02
	0.00

	X-Group
	0.081
	0.064
	0.055
	0.039
	0.008
	0.004
	
	1.00
	0.00
	0.04
	0.12
	0.02
	0.27
	0.02
	0.92
	0.33
	0.33
	0.43
	0.00

	Christian
	0.106
	0.026
	0.056
	0.057
	0.000
	0.016
	0.000
	
	0.00
	0.05
	0.13
	0.82
	0.45
	0.01
	0.96
	1.00
	0.30
	0.03
	0.00

	Al Khiday LP
	0.123
	0.062
	0.112
	0.086
	0.081
	0.157
	0.107
	0.081
	
	0.00
	0.00
	1.00
	0.63
	0.00
	0.23
	0.01
	0.05
	0.00
	0.00

	El Ghaba
	0.093
	0.027
	0.093
	0.036
	0.027
	0.071
	0.054
	0.060
	0.116
	
	0.31
	0.70
	1.00
	0.00
	0.23
	0.67
	0.26
	1.00
	0.00

	R12
	0.116
	0.031
	0.056
	0.033
	0.026
	0.107
	0.030
	0.038
	0.080
	0.028
	
	1.00
	1.00
	0.01
	0.30
	0.09
	0.59
	0.00
	0.00

	Al Khiday Neo
	0.108
	0.000
	0.015
	0.016
	0.011
	0.135
	0.056
	0.007
	0.000
	0.012
	0.000
	
	1.00
	0.02
	1.00
	1.00
	0.55
	0.01
	1.00

	Kadero
	0.103
	0.043
	0.080
	0.048
	0.065
	0.067
	0.052
	0.038
	0.024
	0.000
	0.000
	0.000
	
	0.45
	0.58
	1.00
	0.92
	0.58
	0.13

	Kerma A/M
	0.028
	0.052
	0.041
	0.000
	0.004
	0.090
	0.044
	0.068
	0.067
	0.091
	0.052
	0.056
	0.036
	
	0.03
	0.13
	0.20
	0.20
	0.00

	Kerma C
	0.091
	0.000
	0.048
	0.000
	0.000
	0.074
	0.002
	0.001
	0.027
	0.032
	0.021
	0.000
	0.027
	0.044
	
	0.90
	1.00
	0.13
	0.01

	Soleb 
	0.129
	0.036
	0.032
	0.022
	0.017
	0.048
	0.033
	0.000
	0.090
	0.016
	0.057
	0.000
	0.000
	0.052
	0.004
	
	1.00
	0.34
	0.16

	Tombos 
	0.112
	0.032
	0.077
	0.000
	0.003
	0.049
	0.024
	0.032
	0.053
	0.034
	0.013
	0.018
	0.005
	0.031
	0.000
	0.000
	
	0.03
	0.00

	Kushite 
	0.015
	0.047
	0.042
	0.000
	0.003
	0.030
	0.014
	0.053
	0.101
	0.000
	0.054
	0.059
	0.026
	0.023
	0.029
	0.031
	0.051
	
	0.00

	Jebel Moya
	0.245
	0.071
	0.129
	0.112
	0.127
	0.232
	0.173
	0.129
	0.094
	0.071
	0.090
	0.000
	0.071
	0.175
	0.051
	0.043
	0.130
	0.149
	 



1Samples are listed in the same order as Table 1 in the main text. See the latter for sample information. 
2Boldface numbers in matrix identify Neolithic pairwise distances and p-values.
Table S3. Component loadings, eigenvalues, and variance explained for 28 of the 36 traits (after initial editing1) for the 19 samples. 

	Trait
	Comp 1
	Comp 2
	Comp 3
	Comp 4
	Comp 5
	Comp 6
	Comp 7
	Comp 8

	Labial Curvature UI1
	   -0.5912
	0.409
	0.277
	-0.116
	-0.098
	-0.220
	-0.006
	0.377

	Double Shovelling UI1
	0.192
	-0.445
	0.613
	0.076
	0.040
	-0.146
	0.343
	0.324

	Tuberculum Dentale UI2
	0.613
	0.315
	0.094
	0.361
	0.012
	-0.226
	0.232
	0.156

	Bushman Canine UC
	-0.246
	-0.109
	0.695
	0.400
	-0.213
	-0.043
	0.254
	0.014

	Distal Accessory Ridge UC
	0.420
	-0.196
	-0.216
	0.218
	-0.606
	0.323
	0.294
	0.215

	Hypocone UM2
	0.575
	0.070
	-0.408
	0.143
	0.250
	0.332
	-0.150
	-0.153

	Cusp 5 UM1
	0.504
	0.147
	0.046
	-0.390
	0.391
	-0.115
	0.397
	0.044

	Carabelli's Trait UM1
	0.624
	0.273
	0.267
	-0.300
	-0.102
	0.300
	0.185
	0.389

	Parastyle UM3
	0.229
	0.536
	0.412
	-0.020
	-0.085
	0.230
	-0.241
	-0.330

	Enamel Extension UM1
	0.313
	-0.464
	-0.464
	0.509
	0.163
	-0.197
	-0.208
	-0.008

	Root Number UP1
	-0.391
	0.563
	0.313
	-0.430
	0.226
	0.211
	-0.026
	0.074

	Root Number UM2
	-0.731
	-0.268
	0.371
	-0.194
	0.115
	0.168
	-0.065
	0.024

	Peg-Reduced UI2
	0.563
	0.122
	0.130
	-0.452
	-0.559
	0.162
	-0.126
	-0.085

	Odontome P1-P2
	0.211
	0.710
	0.073
	0.246
	0.239
	-0.141
	-0.368
	0.062

	Congenital Absence UM3
	0.308
	-0.028
	0.316
	-0.163
	0.210
	-0.244
	0.342
	-0.527

	Midline Diastema UI13
	0.409
	0.339
	0.306
	0.384
	-0.334
	-0.080
	0.095
	-0.279

	Lingual Cusp LP23
	0.237
	-0.164
	0.268
	0.298
	0.176
	0.641
	-0.154
	0.296

	Anterior Fovea LM1
	-0.261
	0.192
	-0.152
	0.217
	0.459
	-0.093
	0.708
	-0.002

	Groove Pattern LM2
	-0.305
	0.312
	-0.489
	-0.200
	-0.093
	-0.238
	0.371
	0.004

	Cusp Number LM2
	0.020
	0.497
	-0.396
	0.604
	-0.016
	-0.017
	0.236
	0.184

	Deflecting Wrinkle LM13
	0.326
	0.442
	-0.179
	-0.469
	-0.330
	0.079
	0.315
	-0.010

	Protostylid LM1
	0.577
	-0.032
	0.173
	0.141
	0.487
	-0.301
	-0.122
	0.312

	Cusp 7 LM1
	-0.298
	0.405
	-0.165
	0.506
	0.186
	0.501
	0.237
	-0.255

	Tome's Root LP1
	-0.488
	0.632
	0.218
	0.384
	-0.120
	0.035
	-0.101
	0.091

	Root Number LC
	0.146
	0.283
	-0.391
	-0.598
	0.298
	-0.246
	-0.172
	0.144

	Root Number LM1
	0.033
	0.125
	-0.193
	-0.086
	0.398
	0.555
	-0.178
	0.128

	Root Number LM2
	-0.191
	-0.305
	-0.167
	-0.261
	0.175
	0.593
	0.476
	-0.040

	Torsomolar Angle LM3
	0.358
	-0.066
	0.648
	-0.007
	0.501
	0.078
	0.015
	-0.214

	
	 
	 
	 
	 
	 
	 
	 
	 

	Eigenvalue
	4.604
	3.503
	3.332
	3.158
	2.447
	2.269
	2.109
	1.353

	Variance (%)
	16.444
	12.510
	11.899
	11.280
	8.741
	8.103
	7.533
	4.834

	Total Variance
	16.444
	28.954
	40.853
	52.133
	60.874
	68.976
	76.510
	81.343



1See Text S1 for trait editing process.
2Boldface numbers indicate strong PC loadings (i.e., ≥|0.5|) to retain traits. 
3The three out of 28 traits deleted due to low PC loadings. See Text S1 and S2 for details. 

Table S4. Matrix of MMD distances (bottom diagonal) and their p-values (top diagonal) based on 25 dental traits among the 19 samples.1 

	 
	GRM
	AGR
	CGR
	HCG
	PHA
	MER
	XGR
	CHR
	AKH
	GHB
	R12
	AKN
	KAD
	KAM
	KMC
	SOL
	TOM
	KUS
	JEM

	Gebel Ramlah
	
	0.00
	0.00
	0.58
	0.73
	0.00
	0.00
	0.00
	0.00
	0.002
	0.00
	0.00
	0.00
	0.23
	0.00
	0.00
	0.00
	0.28
	0.00

	A-Group
	0.084
	
	0.00
	0.36
	1.00
	0.00
	0.01
	0.64
	0.00
	0.00
	0.37
	1.00
	0.00
	0.00
	0.92
	0.11
	0.20
	0.00
	0.00

	C-Group
	0.069
	0.101
	
	1.00
	0.19
	0.00
	0.01
	0.02
	0.00
	0.00
	0.15
	0.41
	0.00
	0.62
	0.04
	0.21
	0.03
	0.01
	0.00

	C-Group HK
	0.015
	0.026
	0.000
	
	1.00
	0.34
	0.71
	0.36
	0.00
	0.02
	1.00
	0.72
	0.20
	1.00
	1.00
	0.97
	1.00
	1.00
	0.00

	Pharaonic
	0.018
	0.000
	0.070
	0.000
	
	0.75
	0.69
	1.00
	0.01
	0.31
	1.00
	1.00
	0.24
	1.00
	0.94
	0.74
	1.00
	0.58
	0.01

	Meroitic
	0.078
	0.062
	0.122
	0.023
	0.016
	
	0.70
	0.58
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.10
	0.04
	0.20
	0.00

	X-Group
	0.079
	0.057
	0.058
	0.011
	0.021
	0.007
	
	0.88
	0.00
	0.00
	0.56
	0.10
	0.00
	0.01
	0.94
	0.04
	0.17
	0.17
	0.00

	Christian
	0.087
	0.013
	0.068
	0.033
	0.000
	0.013
	0.004
	
	0.01
	0.00
	0.07
	0.91
	0.00
	0.01
	1.00
	0.37
	0.13
	0.01
	0.00

	Al Khiday LP
	0.160
	0.099
	0.130
	0.124
	0.137
	0.172
	0.146
	0.084
	
	0.00
	0.00
	1.00
	0.25
	0.00
	0.04
	0.00
	0.01
	0.00
	0.00

	El Ghaba
	0.111
	0.065
	0.155
	0.069
	0.053
	0.064
	0.089
	0.125
	0.169
	
	0.03
	0.05
	0.94
	0.00
	0.00
	0.05
	0.02
	0.51
	0.00

	R12
	0.068
	0.019
	0.030
	0.000
	0.000
	0.059
	0.013
	0.052
	0.100
	0.050
	
	1.00
	0.50
	0.16
	0.82
	0.01
	0.65
	0.08
	0.00

	Al Khiday Neo
	0.112
	0.000
	0.023
	0.013
	0.000
	0.077
	0.048
	0.004
	0.000
	0.058
	0.000
	
	1.00
	0.18
	1.00
	1.00
	0.90
	0.02
	1.00

	Kadero
	0.083
	0.070
	0.070
	0.040
	0.063
	0.078
	0.078
	0.093
	0.031
	0.002
	0.016
	0.000
	
	0.00
	0.02
	0.21
	0.16
	0.08
	0.00

	Kerma A/M
	0.022
	0.061
	0.010
	0.000
	0.000
	0.091
	0.059
	0.077
	0.098
	0.117
	0.031
	0.039
	0.067
	
	0.01
	0.04
	0.32
	0.21
	0.00

	Kerma C
	0.099
	0.002
	0.050
	0.000
	0.004
	0.063
	0.002
	0.000
	0.056
	0.073
	0.005
	0.000
	0.057
	0.062
	
	0.44
	0.55
	0.06
	0.02

	Soleb 
	0.147
	0.059
	0.046
	0.002
	0.023
	0.053
	0.077
	0.040
	0.128
	0.071
	0.099
	0.000
	0.049
	0.079
	0.031
	
	1.00
	0.08
	0.49

	Tombos 
	0.085
	0.037
	0.061
	0.000
	0.000
	0.050
	0.041
	0.056
	0.090
	0.065
	0.014
	0.004
	0.043
	0.029
	0.019
	0.000
	
	0.03
	0.00

	Kushite 
	0.020
	0.061
	0.058
	0.000
	0.030
	0.020
	0.031
	0.078
	0.149
	0.014
	0.039
	0.070
	0.041
	0.028
	0.046
	0.066
	0.063
	
	0.00

	Jebel Moya
	0.247
	0.096
	0.134
	0.137
	0.132
	0.181
	0.160
	0.128
	0.109
	0.105
	0.104
	0.000
	0.078
	0.179
	0.050
	0.025
	0.147
	0.149
	 



1Samples listed in the same order as Table 1 in main text. See latter for sample information. 
2Boldface numbers in matrix identify Neolithic pairwise distances and p-values. 
Table S5. 25-trait MMD distances 
between Egyptian Badari and five 
Middle Nile Valley Neolithic samples1 

	 
	Badari

	  Gebel Ramlah
	0.092

	  R12
	 0.0372

	  El Ghaba
	0.084

	  Kadero
	0.094

	  Al Khiday 
	 0.0182



1See the main text for details. 
2Not significantly different (p>0.05). 






[image: ]
Figure S1. Scree plot of stress for MDS dimensions 2-4 based on the 25-trait MMD distance matrix. The ‘elbow’ in the stress line indicates the optimal solution, which here is three dimensions. See Text S2 for details. 


[image: ]
Figure S2. Single-linkage cluster dendrogram of 25-trait MMD distances among Egyptian Badari and the five Middle Nile Valley Neolithic samples. See main text for details.


References
ALDENDERFER, M.S. & BLASHFIELD, R.K. 1984. Cluster analysis. Beverly Hills (CA): Sage.
BORGATTI, S.P. 1997. Multidimensional scaling. Available at: www.analytictech.com/borgatti/mds.htm (accessed 1 October 2023)
IRISH, J.D. 1993. Biological affinities of late Pleistocene through modern African aboriginal populations: the dental evidence. Unpublished PhD dissertation, Arizona State University.
– 2005. Population continuity vs. discontinuity revisited: dental affinities among late Paleolithic through Christian‐era Nubians. American Journal of Physical Anthropology 128: 520–35. https://doi.org/10.1002/ajpa.20109
– 2010. The mean measure of divergence: its utility in model‐free and model‐bound analyses relative to the Mahalanobis D2 distance for nonmetric traits. American Journal of Human Biology 22: 378–95. https://doi.org/10.1002/ajhb.21010
IRISH, J.D. & D. GUATELLI-STEINBERG. 2003. Ancient teeth and modern human origins: an expanded comparison of African Plio-Pleistocene and recent world dental samples. Journal of Human Evolution 45: 113–44. https://doi.org/10.1016/S0047-2484(03)00090-3
IRISH, J.D. & D. USAI. 2021. The transition from hunting–gathering to agriculture in Nubia: dental evidence for and against selection, population continuity and discontinuity. Proceedings of the Royal Society B 288. https://doi.org/10.1098/rspb.2021.0969
KRUSKAL, J.B. & M. WISH. 1978. Multidimensional scaling. Beverly Hills (CA): Sage.
SCOTT, G.R. & J.D. IRISH. 2017. Human tooth crown and root morphology. Cambridge: Cambridge University Press.
SOŁTYSIAK, A. 2011. An R script for Smith’s mean measure of divergence. Bioarchaeology of the Near East 5: 41–44.
STOJANOWSKI, C.M., K.S. PAUL, A.C. SEIDEL, W.N. DUNCAN & D. GUATELLI‐STEINBERG. 2019. Quantitative genetic analyses of postcanine morphological crown variation. American Journal of Physical Anthropology 168: 606–31. https://doi.org/10.1002/ajpa.23778
image1.png




image2.tiff
Normalized Raw Stress

o
>

0.03

0.02

o
e

3

Dimensionality





image3.tiff
Al Khiday

R12

Kadero

Ghaba
Badarian

Gebel Ramlah




