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• Cranial variation is known to be affected by genetic, environmental and dietary factors(1).
• Variation dietary practices is hypothesized to affect the masticatory structures, especially the mandible (2).
• Farmers present smaller and less robust skulls and mandibles than hunter-gatherers attributed to the reduction in

functional demands related to mastication, with increased consumption of softer and processed foodstuff(3).
• The history and diversification of populations along the Nile valley during Middle and Late Holocene, as well as the

adaptation and their biological interactions between chrono-cultural groups have been long debated. Three main
hypotheses have been suggested to explain the biological variation observed among Lower Nubian groups:
 Population continuity : no changes in population from Mesolithic to Christian period(4).
 Masticatory-functional: differences on facial and mandibular morphology between Mesolithic hunter-gatherers

and farming populations(5).
 Population influx: post-Pliocene biological discontinuity due to population movements and admixture among

surrounding groups(6).

BACKGROUND

AIM OF THE STUDY
Assess morphological changes associated with diet composition and evaluate how the skull and
mandible behave differently in response to subsistence change. By integrating 3D geometric
morphometric methods and carbon and nitrogen stable isotopes we addressed these hypotheses:
1) Can we detect morphometric and isotopic patterns from data collected on the same individuals
corroborating the chrono-cultural distinction in four groups?

2) Were there significant change on dietary patterns between early and intensive farmers?

3) How cranial and mandibular variations are impacted by diet variation among these farming
communities?

4) Do our data support the continuity hypothesis in Lower Nubia from A-group to Meroitic Nubians?

5) How our data fit with the suggested affinities between (i) A-group Nubians and Badari Egyptians;
(ii) C-group, Pharaonic Nubians and Egyptians; (iii) C-group Nubians and Kerma Nubians?

MATERIAL AND METHODS

Chrono- cultural 
groups Subsistence Locality N 

Crania
N 

Mand.
N

Collagen 
A-group Early farmers L. Nubia 11 21 5
C-group Early farmers L. Nubia 28 27 13

Pharaonic Farmers L. Nubia 13 23 13
Meroitic Farmers L. Nubia 10 8 2(7)

Kerma Farmers U. Nubia 15 16 49(8)

Predynastic
Badari Early farmers Egypt 27 12 3(9)

Predynastic
Naqada Early farmers Egypt 24 26 4(9)

Figure 3. Extraction of 39 (crania) and 33 (mandible) landmarks. Cranial shape data
were then collected by a single observer (MG) by using Landmark Editor software.

RESULTS AND DISCUSSION

1) Our results show differences among the Lower Nubia chrono-cultural groups from
morphometric and isotopic data , despite their similar locality and chronological proximity.
2) The isotopic results suggest different dietary patterns: A-group individuals consumed a
higher varied diet; some C- group might had similar diets to Pharaonic Nubians, together with
Predynastic Egyptians; Meroitic individuals consumed higher quantities of C4 plant resources.
3) Skulls and mandibles behave differently regarding diet changes confirming previous
studies (10, 11). No significant change are detected for the skull contrary to the mandible in Lower
Nubia. For all samples geography has more effects than diet on morphological variation. Results
are also congruent with previous observations with farming communities showing shorter and
wider mandibles (10).
4) Some of our results can support the regional continuity as most groups overlap. However
results also demonstrate the Egyptian influence and affinities between Kerma and Pharaonic
Nubians suggesting a general continuity in the area plus populations movements and
exchanges.
5) Our results do not show particular affinities between A-group and Badari Egyptians, they
suggest closer affinities between Pharaonic and Kerma Nubians than C-groups and Kerma
Nubians. Egyptian influence is more suggested by isotopic data than morphometric data.

MANOVA - All samples Skull Mandible
R2 p R2 p

Group (7 groups) 0.090 *** 0.097 ***

Locality (Egypt/Upper
Nubia/ Lower Nubia) 0.049 *** 0.046 ***

Diet (Early Farmers/ 
Intensive Farmers) 0.017 * 0.027 ***

Comparison δ¹³C δ¹5N
A-Group-C-Group 0.874 0.292
A-Group- Pharaonic 0.160 0.562
A-Group-Meroitic 0.381 0.857
C-Group-Pharaonic 0.100 0.002
C-Group- Meroitic 0.315 0.022
Pharaonic-Meroitic 0.022 0.036
Early-Intensive farmers 0.183 0.014

Table 2. Mann-Whitney pairwise comparison p values
between isotopic mean ratios of the groups compared;
p<0.05 in bold.

Figure 4. Scatter plot of of the data for δ13C and δ15N
values from Lower Nubians bone collagen samples,
combined with previously published data for Meroitic*
Nubians (only mean was available) (7), Upper Nubians
from Kerma (8) and Predynastic Egyptians from Badari and
Naqada (9).

Tables 3 and 4. Results of MANOVA performed on the skull and
mandible from the chrono‐cultural, geographical and dietary groups.
Significant results are in bold.

Figure 1. Map showing the area of the samples analysed.

Figure 2.  Chart showing 
the chronology of the 
main groups included in 
this study and the possible 
biological relationships 
among them .

Figure 5. Between-group PCA based on Procrustes residuals of landmark configurations among Lower Nubians and
shape changes along the first two axes observed for the skull (a) and the mandible (b). Landmark configurations (lateral,
frontal and superior views) represent the highest (black) and lowest (grey) PC scores.

Figure 6: Between‐group PCA based on Procrustes residuals of landmark configurations
among all samples and shape changes along the first two axes observed for the skull (a) and
the mandible (b). Landmark configurations (lateral, frontal and superior views) represent the
highest (black) and lowest (grey) PC scores. Only the centroid of each group is represented.
Polygons outline the distribution of the three geographical areas as well as of Meroitic Nubians
for the mandible.

Table 1. Description of the samples used in this study.  Isotopic ratios 
from published data (7), (8), (9).
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MANOVA – Lower Nubia Skull Mandible
R2 p R2 p

Group (4 groups) 0.055 ns 0.050 *

Diet (Early Farmers/
Intensive Farmers) 0.021 ns 0.026 **


