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ABSTRACT Much of the earlier work on the prehistory of Sudanese Nubia has 
emphasized discontinuity between early Nubian populations. However, recent in- 
vestigations suggest the converse - that a remarkable degree of cultural and biolog- 
ical continuity exists among indigenous Nubian groups, perhaps as far back as the 
Paleolithic. Thus, cultural and biological differences between Nubian populations 
can be most effectively perceived as the result of in situ evolutionary development. 

The present analysis has two major purposes: (1) to describe the morphological 
differences in the craniofacial complex between indigenous Nubian populations ex- 
tending from the A-Group (c. 3,400 B.C.) through the Christian (c. 1,500 A.D.) 
horizons; and (2) to account for these differences within an evolutionary frame- 
work. The multiple discriminant analysis of radiographically derived variables 
revealed a trend from a substantially lower and more elongated cranial vault to a 
shorter and taller vault throughout the almost 5,000 year time span. Associated 
with this pattern was a tendency for the face to become more inferiorly-posteriorly 
located with respect to the vault in the latter groups. Finally, the masseter and 
temporalis muscles underwent a reduction and slight relocation through time. We 
speculate that this trend may be associated with behavioral changes associated 
with transition from a hunting and gathering to a totally agricultural subsistence 
pattern. 

The extent of archeological investigation 
of Lower Nubia over the past century has 
led some authors to  conclude that, arche- 
ologically, Lower Nubia is one of the best 
known areas in the world (Adams, ’66; 
Lasker, ’72). A considerable amount of the 
early interest in human skeletal remains 
from the prehistoric Nile River Valley was 
brought about by questions relating to the 
racial composition of early Nilotic peoples. 
Primary concern here rested on the origin 
of ancient Egyptian populations, and pre- 
cipitated investigation of the racial com- 
position of prehistoric Nubians for com- 
parative purposes (Collett, ’33; Stoessiger, 
’27). As a result, anthropometric analysis of 
Nubian populations, both skeletal and con- 
temporary, has been closely intertwined 
with archeological investigation of the cul- 
ture history of the Nile River valley. In- 
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deed, a consistent element in virtually ev- 
ery study of Nubian culture history, espe- 
cially prior to 1960, is a concern for the ori- 
gin and “racial identity” of Nubian popula- 
tions, 

The prevailing opinion during the earlier 
half of this century among Nubian scholars 
was that two racial “types” existed in the 
Nile River valley. Morant (’25, ’35) sug- 
gested that an earlier “Upper Nile type,” 
which exhibited a high concentration of 
“Negroid traits,” and a later “Lower Nile 
type”, which was largely lacking in 
“Negroid” features, existed in Nubia. Like 
several of his contemporaries (Stoessiger, 
’27, Derry, ’091, Morant noted a continuity 
between earlier Badarian populations, dat- 
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ing from c. 4,000 B.C. in Upper Egypt, and 
later predynastic populations in both 
Egypt and Lower Nubia. The decrease in 
“Negroid traits” from the Badarian to the 
predynastic populations was interpreted as 
evidence for admixture between the two 
basic types, “Negroids” to the south and 
“Caucasoids” to the north (Morant, ’35). 
This basic theme of racial admixture to ex- 
plain morphological changes repeats itself 
throughout the history of Nubian archeolo- 
gical investigation, and remains well repre- 
sented in the recent literature (e.g. 
Baumgartel, ’65; Burnor and Harris, ’65; 
Crichton, ’66; Wiercinski, ’67; de Villiers, 
’68; Strouhal, ‘71; Rightmire, ’74). 

Interpretations of the succession of 
cultural traditions in Lower Nubia were, 
similarly, based on what Adams (’66) has 
termed the  “multiple migration hy- 
pothesis.” The suggestion that culture 
change in Lower Nubia was the result of 
migrations of alien peoples led to a search 
for racial differences between the skeletal 
populations associated with the major 
cultural traditions during the past 5,000 
years as an explicit or implicit explanation 
of cultural development (e.g. Reisner, ’09; 
Junker, ’28; Batrawi, ’35; Arkell, ’61). “Ad- 
vances” in Nubian culture tended to be 
perceived as coincident with an increase in 
Caucasoid (Egyptian) types. Similarly, 
cultural “decline” or “degeneration” was 
explained by an increase in “Negroid ele- 
ment.” The racist ideas on which these 
assumptions are founded are clearly evi- 
dent. 

The theoretical foundation for the use of 
the racial model to explain culture change 
in skeletal morphology in Nubia has re- 
ceived widespread criticism only recently 
(Adams, ’66; Van Gerven, Carlson and Ar- 
melagos, ’73). MacGaffey (’661, for exam- 
ple, noted that anthropologists have 
helped to maintain and perpetuate the 
“racial myths” particular to Nubian pre- 
history by failing to dispel the biological in- 
consistencies inherent in the typological 
approach. Similarly, Adams (’66, ’67, ’68, 
’70) has been extremely critical of the use 
of the racial model to account for culture 

change in early Nubia, noting that the 
archeology of Nubia demonstrates a “con- 
tinuum of cultural evolution ... involving the 
same basic population from beginning to 
end” (’66: p. 29). 

Several analyses of skeletal remains from 
Lower Nubia have cast considerable doubt 
on the multiple-migration view of Nubian 
prehistory. In a craniometric analysis of 
Nubian populations Batrawi (’461 con- 
cluded that the indigenous populations of 
Lower Nubia were a single biological pop- 
ulation extending from the A-Group (c. 
3,400 B.C.) to the Christian horizons (c. 
1,500 A.D.). Mukherjee et al. (’55) re- 
analyzed the same material using the 
Mahalanobis D2 and similarly concluded 
that all of the indiginous populations of 
lower Nubia could be considered as a 
single biologically homogeneous popula- 
tion. This general conclusion was recently 
re-affirmed by Nielsen (’701, who noted 
that the A-Group and C-Group, in particu- 
lar, were probably composed of a single 
homogeneous population. Those cra-  
niometric differences which do occur be- 
tween the A-Group and C-Group are most 
likely due to evolutionary change rather 
than to hybridization between biologically 
distinct peoples. Nielsen further concluded 
that, despite some differences in the X- 
Group population, the Meroitic, X-Group, 
and Christian horizons all form a common 
biological population. 

Recent analyses of discrete skeletal and 
dental variants in early Nubian populations 
have led to similar conclusions (Greene, 
’66, ’72; Berry et al., ’67; Berry and Berry, 
’72). In fact, Greene (’721 noted that the 
appearance of rare cusp variants, such as 
split maxillary hypocone, in the dentition 
of populations from the Nubian Mesolithic 
through the later groups suggests a much 
longer continuity than previously realized. 

In sum, several independent analyses of 
skeletal remains from early Nubian popula- 
tions and recent considerations of the 
archeology of Lower Nubia are in agree- 
ment that there is no evidence for any in- 
trusion by alien peoples for well over the 
last 5,000 years. Skeletal remains from an- 
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cient Nubian populations thus offer unique 
opportunities for research in human biol- 
ogy. The Nile River valley is perhaps the 
only area where one can obtain vast 
amounts of biological data from relatively 
homogeneous human populations, and 
where "the stages of microevolution and 
adaptation can be foIlowed accurately in 
time and space with few outside influ- 
ences" (Masali, '72: p. 196). While most re- 
search using ancient Nubian skeletal re- 
mains has followed primarily a historically 
oriented approach to problems of cultural 
and biological change, it is clearly ap- 
propriate to use ancient Nubian remains in 
problems of an evolutionary, processual 
design. 

The general purpose of this research is 
to re-evaluate Nubian craniofacial mor- 
phology in light of our current understand- 
ing of Nubian prehistory. The more specific 
goals are two-fold: (1) to describe the 
biometric relationships exhibited by the 
populations, and; (2) to account for these 
relationships on the basis of differences in 
specific morphological features. Variation 
between the temporally successive Nubian 
populations over almost a 5,000 year time 
period is quantified within a multivariate 
framework, through the utilization of the 
technique of multiple discriminant analy- 
sis. The differences between populations 
are discussed via a detailed examination of 
the extracted discriminant functions. This 
approach provides a means of describing 
interpopulation variation and identifying 
factors accounting for such variation. This 
analysis, furthermore, provides an under- 
standing of morphometric differences be- 
tween Nubian populations as time-related 

phenomena, thus providing a foundation 
for more complete analyses of temporal 
variation in the recent human skull. 

MATERIALS 

The cranial remains used in this analysis 
were recovered by the Scandinavian Joint 
Expedition to Sudanese Nubia (Nielsen, 
'701. The Scandinavian concession in 
Lower Nubia extended 60 km along the 
east bank of the Nile River, beginning at 
the Sudanese-Egyptian border to the north 
(fig. 1). The entire concession was exten- 
sively surveyed, and the 73 sites dis- 
covered were all completely excavated. 

The burials represent the time span be- 
tween c. 3,400 B.C. and 1,500 A.D., and in- 
clude all the  major Nubian cultural 
horizons during that time (table 1). All 
cultural assignments of the burials were 
made on the basis of grave goods and 
burial type. A more detailed account of the 
excavations can be obtained in the reports 
of the Scandinavian Joint Expedition 
(Nordstrom and Haland, '72; Nordstrom 
and Ojamaa-Koskinen, '73; Holthoer e t  al., 
'73; Save-Soderbergh, '62, '63, '64' Msl- 
lerup and Oldenburg, '73). 

Only complete non-senile adult crania 
with no obvious pathological deformity 
that might affect cranial shape were in- 
cluded in the analysis. Male and female 
crania were found in approximately equal 
proportions for each culture group, and 
were therefore combined for analysis. 

METHODS 

Crania were radiographed in the median 
sagittal plane with each skull held in place 
by a Bjork cephalostat (Krogman and Sas- 

TABLE 1 

Sample size and dates of the five Nubian archeological populations 

Sex 
Population 

N Male Female Dates 

Christian (Ch) 39 21 18 550-1,500 A.D. 
X-Group (XI 67 35 32 350- 550A.D. 

C-Group (C)  40 20 20 2,400-1,200 B.C. 
A-Croup (A) 12 5 7 3,400-2,400 B.C. 

Meroitic (MI ij7 27 30 0- 350A.D. 
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SUDAN 

Fig. 1 Map of the Nile River valley through the 6th Cataract. The Scandinavian Joint Expedition 
concession area extended from the Egyptian-Sudanese border to the north through the 2nd Cataract 
and the town of Semna to the south. 

souni, '57). Distance between the x-ray points for each skull were recorded as 
anode and skull was kept constant at 155 spatial coordinates, which were then trans- 
cm, maintaining magnification at or below formed into linear and angular dimensions 
5% (Krogman and Sassouni, '55). between designated sets of points for 

Following the procedures recently de- statistical analysis (fig. 2). 
veloped by Walker for the analysis of 
roentgenographic cephalograms (Walker, Cephalometric variables 
'72; Walker and Kowalski, '731, reference A total of 37 linear and angular measure- 
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ments were determined from the ra- 
diographic cephalogram of each complete 
skull. 

Cranial base 
Anterior Cranial Base Length: the dis- 

tance from sella (s) to nasion (n). 
Posterior Cranial Base Length: the dis- 

tance from sella (s) to opisthocranion (op). 
Median Cranial Base Length: the dis- 

tance between sella (s) and basion (bal. 
Median Cranial Base Angle: the angle 

between the nasion-sella line (NSL) and a 
line connecting basion Iba) and sella (s). 

Cranial vault 
Anterior Cranial Fossa Length: the 

distance from sella (s) to the midfrontal 
point (mfp). 

Median Cranial Fossa Height: the dis- 
tance from sella (sl to bregma h). 

Posterior Cranial Fossa Length: the dis- 
tance from sella (s) to lambda (la). 

Total Cranial Length: the distance 
from glabella (8) to opisthocranion (op). 

Cranial Height: the distance from ba- 
sion h a )  to bregma (b). 

Frontal Chord: the straightline dis- 
tance from nasion (n) to bregma 6). 

Parietal Chord: the straightline dis- 
tance from bregma h) to lambda (la). 

Midfrontal Angle: the angle formed at 
glabella (g) by lines from the midfrontal 
point (mfp) and nasion (n). 

Prognathim 
Maxillary Basal Prognathim: the angle 

formed by NSL and a line through nasion 
(n) and subspinale (ss). 

Maxillary Alveolar Prognathism: the 
angle formed by NSL and a line through 
nasion (nl and prosthion (pr). 

Mandibular Basal Prognathism: the 
angle formed by NSL and a line through 
nasion (n) and supramentale (smf. 

Mandibular Alveolar Prognathim: the 
angle formed by NSL and a line through 
nasion (nl and infradentale (id). 

Maxillary and mandibular size and 
relations 

Maxillary Length: the distance from 
the posterior nasal spine (pns) to subspinale 
(ss). 

Posterior Facial Angle: the  angle 
formed by NSL and a line connecting sella 
(sl with the posterior nasal spine (pns). 

Znclination of Maxilla to NSL: the 
angle formed by the nasal line and NSL. 
Posterior Upper Face Height: the dis- 
tance from sella (s) to the posterior nasal 
spine (pns). 

Upper Face Length: the distance from 
basion h a )  to prosthion (pr). 

Ramus Height: the distance from artic- 
ulare (ar) to gonion (go). 

Corpus Length: the distance from go- 
nion (go) to gnathion (gn). 

Symphyseal Height: the distance from 
gnathion (gn) to infradentale (id). 

Symphyseal Thickness: the distance 
from pogonion (pol to the lingual sym- 
physeal point (syp). 

Ramal Width: the distance from the 
midramal point (mrp) to the midcoronoid 
process (mcp) point. 

Sigmoid Notch Height: the distance 
TABLE 2 

Number of individuals classified into each of thefive Nubian groups (in percent) 

Predicted Group 
Cldssification A-Group C-Group Meroitic X-Group Christian 

Actual Group 
Classification: 

- - A-Group 40 - 60 
C-Group - 42 26 15 15 
Meroitic 9 4 46 19 19 
X-Group 8 - 20 56 14 
Christian 6 6 13 13 59 
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NSP 

NSL 

Fig. 2 Diagram indicating the location of the 48 anatomical and derived roentgenographic 
cephalometric reference points used in this analysis. Each point was recorded as spatial coordinates. 
Selected sets of reference points were transformed into linear and angular dimensions for statistical 
analysis. See text for identification of points. 
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from gonion (go) to the sigmoid notch point 
(snpl . 

Coronoid Process Height: the distance 
from gonion (go) to the coronoid point (cp). 

Mandibular Angle: the angle formed 
by the mandibular line and a line through 
articulare Iar) and gonion (go). 

Face height and zygomatic process shape 
Upper Face Height: the distance from 

nasion In) to prosthion (pr). 
Morphological Face Height: the dis- 

tance from nasion (n) to gnathion (gn). 
Cheek Height: the distance from or- 

bitale (or) to the zygomaxillary root point 
(zrp) . 

Cheek Angle: the angle formed by NSL 
and a line running through orbitale (or) and 
the zygomaxillary root point (zrp). 

Skel eta1 -muscular relations 
Anterior Position of Temporalis: the 

shortest distance from the anterior tem- 
poralis point (atp) to nasion-sella perpen- 
dicular INSPI. 

Temporalis Height: the shortest dis- 
tance from the superior temporalis point 
tstp) to NSL. 

Anterior Position of Zygomaxillary Root 
Point: the shortest distance from the zy- 
gomaxillary root point (zrp) to NSP. 

Masseteric Origin Length: the length of 
the origin of the masseter muscle, defhed 
as extending from the zygomaxillary root 
point (zrp) to the inferior zygomaticotem- 
poral suture (izp). 

Statistical procedures 
Analysis of the Nubian cranial material 

included both descriptive, summary statis- 
tical procedures and the multivariate tech- 
nique of multiple discriminant analysis 
(BMD07M: Dixon, '73). Multiple discrimi- 
nant analysis provides a means for studying 
the statistical relationships between popu- 
lations on the basis of relatively large sets 
of variable measurements. It identifies and 
describes major sources of interpopula- 
tional variation in terms of discriminant 
functions, or canonical variates, as well as 
computing both a measure of the contribu- 

tion of each variable to a given variate and 
a measure of the proportion of the total 
variation explained by each function. A 
detailed explanation of the mathematical 
bases and computational procedures in- 
volved in the technique of multiple dis- 
criminant analysis can be obtained in Mor- 
rison ('671, Seal ('641, and Dixon ('73). Two 
very recent and excellent discussions of the 
techniques of multiple discriminant analy- 
sis and canonical analysis from an anthro- 
pological perspective are available in 
Howells ('72, '73) and Oxnard ('72, '73). 

RESULTS 

In a discriminant function between 
widely distinct populations, only a rela- 
tively small amount of overlap among in- 
dividuals, and thus of misclassification, is 
likely to occur. In the present study, how- 
ever, a good deal of overlap between pop- 
ulations is to be expected due to the tem- 
poral and hypothesized genetic continuity 
of the groups. Thus, the degree of dis- 
crimination between crania from all five 
Nubian populations was relatively poor, 
44.2% (table 2). The only interpopulation 
differences which proved to be significant 
at the 95% confidence level occurred be- 
tween the C-Group and the X-Group sam- 
ples, the C-Group and the Christian sam- 
ples, and the X-Group and Christian sam- 
ples. It is important to note however, that 
statistical significance does not necessarily 
indicate widespread biological differ- 
ences, but only that those interpopulation 
differences which do occur do so in a con- 
sistent manner. Thus, it is critical to ex- 
amine the patterns of morphological dif- 
ferences between the groups in detail by 
close inspection of' the discriminant func- 
tions, or canonical variates. 

Dscriminant functions 
A maximum of four, (k - 11, discriminant 

functions was possible for consideration in 
this analysis. Bartlett's Chi-square approx- 
imation (Rao, 'Ti2: p. 3731, however 
revealed that only three functions were 
significant at at least the 95% confidence 
level. Thus, only the first three functions, 
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TABLE R 

Summary table of the three statistically significant (P < .05) discriminant functions, including those 
variables judged to be significant for the interpretation of each axis 

Function I I1 111 

Eigen value 
Percent of dispersion 
Cumulative percentage 

Measurement 

2.55 0.99 0.94 
45.7 20.0 19.0 
45.7 65.7 84.7 

Scaled vector values 

Median fossa height 
Posterior base length 
Posterior fossa length 
Anterior base length 
Temporalis height 
Maxillary length 
Median base length 
Upper facial height 
Umer  facial length 

- 54.74 
- 43.42 
- 19.20 
- 11.12 

9.77 
8.64 

- 7.86 
7.63 

- 7.54 - 
Lferior positionof 

Masseter origin length 
Cranial height 
Mandibular corpus length 
Frontal chord 
Anterior position of' 

temporalis 

zygomaxillary root point 

which combine to account for 84.7% of the 
total discrimination (table 31, receive fur- 
ther attention. 

First function. The first canonical vari- 
ate was most effective in separating the A- 
Group and X-Group populations, account - 
ing for nearly half (45.7%) of the total dis- 
persion. In addition, with the exception of 
the Christian population, the groups were 
ordered according to their appropriate 
temporal positions along this vector. As 
seen in figure 3, the individual discriminant 
scores for the entire sample overlapped ex- 
tensively, although the ranges of variation 
for the A-Group and X-Group were most 
distinct. 

Four measurements of the cranial vault 
and base were of primary importance in 
the discrimination of A-Group and X- 
Group individuals (table 3) .  These in- 
cluded measurements of median cranial 
fossa height, posterior cranial fossa height, 
anterior cranial base length, and posterior 
cranial base length. Variables describing 
the upper face were also represented but 
were of substantially less discriminatory 

22.02 4.97 
- 4.84 

- 4.16 

15.05 
52.14 18.14 

17.10 
- 5.08 

6.08 - 45.25 

82.59 21.50 
- 19.13 

10.05 
- 6.17 

5.50 

value than the vault and base measure- 
ments. All of the vault and base measure- 
ments with high scaled vector values ex- 
hibited negative signs, indicating that this 
set of measurements most effectively 
defined the low (X-Group) end of the first 
discriminant function. The variables from 
the upper face were positive, indicating 
that they were most effective in defining 
the positive (A-Group) end of the variate. 

Second function. The second discrimi- 
nant function was less than half as effective 
as the first variate in accounting for inter- 
population variation (20%). The major dis- 
tinctions along this axis were drawn be- 
tween the X-Group and the Christian pop- 
ulations. As with the first function, all of the 
groups except one, the X-Group in this 
case, were ordered in the appropriate tem- 
poral sequence (fig. 3). 

Five variables clustered to account for 
the Christian end of the second variate (ta- 
ble 3): the length of the origin of masseter, 
median cranial base length, maxillary 
length, median cranial fossa height, and 
the length of the mandibular corpus. Only 
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Fig. 3 Plot of the group centroids for the first three discriminant functions (I, 11,111). The ranges 
of variation of the individual discriminant scores to the first standard deviation are indicated for the 
first two axes. 

three variables defined the negative (X- 
Group) end of the variate: cranial height, 
upper face length, and the frontal chord. 

Third function. The third discriminant 
function tended to isolate the C-Group 
population from all of the other groups, but 
most notably from the Christian population 
(fig. 3) .  As with the first two axes, however, 
the third variate ordered the populations 
according to their temporal positions with 
the exception of a single group, the A- 
Group in this case. This function accounted 
for the least amount of the total dispersion 
among the Nubian populations (19%). 

The major differences between crania 
from the C-Group population and the 
Christian population, according to this 
variate, occurred with respect to only 
three variables: the anterior position of the 
zygomaxillary root point, masseter origin 
length, and median cranial base length. 
The remaining five variables with scaled 
vector values greater than 4.0 were sub- 
stantially less important along this axis. 

However, it should be noted that the an- 
terior position of temporalis was among 
them, so that three of the eight highly 
weighted variables along this axis were di- 
rectly related to the masticatory muscula- 
ture. 

Interpretation 
The interpretation of the first discrimi- 

nant function, as well as of subsequent vec- 
tors, was facilitated by the graphic display 
of the means for the craniofacial configu- 
rations of each group. The mean spatial 
coordinates for 48 anatomical and derived 
points were plotted for each Nubian popu- 
lation. The craniofacial morphologies were 
then superimposed using a fixed point at 
sella and the nasion-sella line for purposes 
of orientation. There are obvious problems 
related to the use of mean values in an 
analysis of morphological structure. Im- 
plicit within a reliance on mean values is 
the concept of “type.” The present utiliza- 
tion of mean configurations, however, 
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served to enhance the understanding of in- 
terpopulation variation among the Nubian 
populations by providing graphic confirma- 
tion to the statistical patterns, as well as 
providing clues to the total morphological 
pattern associated with these differences. 
Furthermore, because the graphic displays 
of the means for each population were con- 
structed on the basis of mean spatial coor- 
dinates for each recorded anatomical 
point, differences in shape as well as size 
were maintained within each diagram. 

The mean configurations for A-Group 
and X-Group crania are graphically dis- 
played in figure 4A. Concentrating on 
those cranial vault measurements with the 
highest negative scaled vectors scores, 
some distinct morphological differences 
between the two populations are apparent. 
Not only is the A-Group cranial vault 
generally smalIer, but there are differ- 
ences in the shape of the vault as well. 
Specifically, the A-Group vault is relatively 
low and long, with more pronounced 
glabellar protrusion and a somewhat more 
pronounced occipital region. The X-Group 
vault, on the other hand, exhibits a rela- 
tively larger anterior cranial fossa, indi- 
cated by a slightly more anterior position 
of the midfrontal point (mfp), and a rela- 
tively higher median cranial fossa. The lat- 
ter is indicated not only by the greater 
height of bregma (b) from sella (s), but also 
the fact that lambda (la) occupies an even 
higher position relative to bregma and 
lambda in the A-Group. The posterior 
aspect of the cranial vault for the X-Group, 
like the rest of the vault, is larger than that 
of the A-Group in absolute terms. However 
the shape of the posterior vault in the X- 
Group is somewhat flatter (more vertical) 
due to a more superior position of the en- 
tire occipital area. 

The less substantial positively scaled 
vector scores for variables relating pri- 
marily to the upper face revealed another, 
though much more subtle, contrast be- 
tween the A-Group and X-Group popula- 
tions. The superior temporalis point (stp) is 
slightly higher for the X-Group in absolute 
terms, although it is obviously relatively 

higher in A-Group crania owing to the 
lower cranial vault in the A-Group. The 
contrast in the length of the maxilla and in 
the anterior projection of the zygomaxil- 
lary root point (zrp) can be explained in 
terms of a more anterior projection of the 
entire zygomaxillary complex in the A- 
Group population. This accounts, in addi- 
tion, for the relatively high negative scaled 
vector score for the length of the upper 
face. Upper face height, as indicated by 
the graphic display, is roughly equal for 
both the A-Group and X-Group. As with 
the height of temporalis, however, the 
scaled vector value for upper face height 
along the first discriminant function ac- 
counted for the relative differences be- 
tween the two groups. Although upper 
facial height for the A-Group and X-Group 
was quite similar in absolute terms, the A- 
Group population had a relatively larger 
upper face height due to the relatively low 
height of the cranial vault. 

The major differences between the two 
extreme groups along the first canonical 
variate can thus be outlined as follows. Dis- 
tinction between A-Group crania and X- 
Group crania occurred with respect to the 
shape of the cranial vault. A-Group crania 
tended to be relatively lower and longer 
than X-Group crania. This was manifested 
by a smaller (more posterior) anterior cra- 
nial fossa and a relatively larger posterior 
cranial fossa for the A-Group. These char- 
acteristics, in addition, accounted for the 
more pronounced glabellar and occipital 
regions in the A-Group as compared with 
the X-Group population. The only other 
difference between the A-Group and X- 
Group occurred in the zygomaxillary re- 
gion, which was more anteriorly projected 
in the A-Group. 

Variation among the rest of the Nubian 
populations can be assumed to follow the 
same general pattern as that defined by the 
two extremes along the first variate. The 
C-Group was most closely associated with 
the A-Group extreme, while deviating 
toward the X-Group pattern. Conversely, 
the Meroitic population was most similar to 
the X-Group extreme, although it deviated 
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toward the A-Group end of the variate. 
Thus, factors within the cranial vault which 
contrasted the A- and X-Group popula- 
tions continued to be modified through the 
C-Group and Meroitic periods, such that 
there was a trend from a relatively long, 
low cranial vault and a slightly more an- 
teriorly projected upper face, to a higher, 
more anteriorly-superiorly located cranial 
vault, with a less anteriorly projected up- 
per face. This trend, furthermore, had its 
beginnings in the A-Group phase, approx- 
imately 5,000 years ago, and extended 
through the X-Group phase, approximately 
1,400 years ago. 

The mean configurations for the X- 
Group and the Christian populations (fig. 
4B) revealed the general pattern of inter- 
population variation described by the sec- 
ond function. The Christian population was 
characterized by  three major morphologi- 
cal features when compared with the X- 
Group: (1) a smaller origin for the masseter 
muscle, (2) a larger and slightly more an- 
teriorly placed maxilla, and (3) accom- 
panying a larger maxilla, a longer mandibu- 
lar corpus. Although variables from the 
cranial vault and base were relatively less 
important in the discrimination of the X- 
Group and Christian crania, the Christian 
population appeared to emphasize many of 
the features for the cranial vault and base 
described for the X-Group in the first func- 
tion. Specifically, the Christian popidation 
had a generally higher and more anteriorly 
placed cranial vault. 

The second discriminant function thus 
appears to emphasize some of the features 
related to the shape of the cranial vault ini- 
tially perceived along the first discriminant 
axis, while focusing upon variation in the 
length of the upper face and mandible. 
The increase in the size of these features 
took place primarily in their posterior 
aspects, with the mandibular ramus and 
the posterior nasal spine occupying a rela- 
tively more posterior position. 

The third variate was considerably more 
difficult to interpret than the previous two 
axes. Some inferences regarding the C- 
Group-Christian population distinction 

however, can be drawn from the com- 
parison of their mean configurations (fig. 
4C). Three of the eight substantially 
scored variables defined by the third vari- 
ate focused upon the muscles of mastica- 
tion. These included the length of the ori- 
gin of masseter, the anterior position of the 
zygomaxillary root point, and the anterior 
position of temporalis. Some differences in 
these areas, although subtle, do occur be- 
tween the (:-Group and Christian popula- 
tions. Specifically, the origin of masseter is 
more extensive along the zygomatic arch 
within the C-Group, and the position of the 
zygomaxillary root point is relatively more 
anteriorly placed in the C-Group due to 
the greater forward projection of the fron- 
tal bone and maxilla in the Christian popu- 
lation. And, finally, the most anterior 
aspect of the temporalis muscle is rela- 
tively more anteriorly placed in the C- 
Group owing to the more anteriorly lo- 
cated frontal region in the Christian 
population. Thus, the third discriminant 
function differentiated the C-Group from 
the later X-Group and Christian popula- 
tions primarily on the basis of the relative 
position and size of the masticatory muscu- 
lature. 

Two other variables bear consideration 
from the third function as they relate to 
the shape of the cranial vault. The general 
pattern describing cranial vault shape in 
the first and second functions appears to be 
re-affirmed by the relatively high scaled 
vector values for the height of the median 
cranial fossa. The C-Group contrasts with 
the Christian population by exhibiting a 
relatively lower and longer cranial vault. 
Similar to the A-Group along the first dis- 
criminant axis, C-Group crania tend to 
have a relatively more posteriorly located 
anterior cranial fossa as well as a more ex- 
pansive, but lower posterior cranial fossa. 

DISCUSSION 

The patterns of morphological variation 
and statistical ordering of the five Nubian 
populations revealed by the first three dis- 
criminant functions all lend support to the 
hypothesis that evolutionary change in Nu- 
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bian crania has taken place during the past 
5,000 years. The trends indicated by the 
three statistically independent variates can 
be summarized most effectively as repre- 
senting relatively distinct elements of only 
one broad morphological pattern of varia- 
tion over time. By far the most important 
element of the morphological pattern in 
accounting for variation among the Nubian 
groups was located along the first discrimi- 
nant function, and focused on the shape of 
the cranial vault. Specifically, there was a 
clear and consistent trend within the Nu- 
bian populations to go from a relatively 
low, elongated cranial vault with a more 
pronounced glabellar region and occipital 
area in the earlier groups, to a relatively 
more globular vault in the latter groups. 
This statistical observation receives added 
support from Nielsen's ('70) observation 
that the Nubian groups have tended to be- 
come less dolichocephalic over time. Al- 
though all of the populations studied fall 
within the range for dolichocephaly, the 
earlier A- and C-Groups are relatively 
longer and less broad than subsequent 
groups. Associated also with this change in 
the shape of the cranial vault over time, ac- 
cording to the second discriminant func- 
tion, was a less significant tendency for the 
maxillo-mandibular region to become 
somewhat more posteriorly located due to 
an expansion in a posterior dimension. 
Since the anterior aspect of the maxillo- 
mandibular complex remained in approx- 
imately the same position, the posterior ex- 
pansion of the mandibular ramus and of the 
posterior aspect of the maxilla brought 
about an overall increase in the length of 
both the maxilla and of the mandible. The 
earlier Nubian groups, as well as the X- 
Group, were also characterized by a 
slightly more anterior projection of the 
lower face. However, this projection 
tended to decrease through the C-Group 
and Meroitic phases, until the lower face 
was finally relatively more posteriorly lo- 
cated by the most recent, Christian, phase. 
The final element of this broad morpholog- 
ical trend is provided by the third canoni- 
cal axis, which defines temporal variation 

in the relative size and position of the mus- 
cles of mastication. The specific pattern of 
variation in this regard revealed a tenden- 
cy for the temporalis muscle to become 
relatively less anteriorly located as well as 
for a general reduction in the size of the 
masseter muscle through time. Thus, the 
earlier groups had a more anteriorly 
placed temporalis and larger masseter, 
while the later groups had a more poste- 
riorly located temporalis and a reduced 
masseter , 

The hypothesis that morphological 
change in the Nubian skull can be ac- 
counted for by the above trends is further 
supported by a simultaneous consideration 
of all three canonical axes. As seen in figure 
5, the first two variates maintain the A- 
Group, the C-Group and the Meroitic pop- 
ulations within a pattern corresponding 
closely to their relative temporal positions. 
The third canonical axis orders the later 
populations, beginning with the C-Group, 
in their appropriate temporal positions. 
The location of the A-Group along the 
third variate can be accounted for by sug- 
gesting that the morphological trend 
defined by the third axis was not complete 
during A-Group times, but that it culmi- 
nated during the C-Group and subse- 
quently reversed itself. More specifically, it 
is suggested that the trend toward a more 
robust and efficient masticatory muscula- 
ture was present during the A-Group pe- 
riod, that it reached a peak during C- 
Group times, and that the muscles of 
mastication underwent a reduction in the 
subsequent groups. 

A reduction in the robusticity of the 
muscles of mastication and their associated 
skeletal elements appears to be a gener- 
al phenomenon found with behavioral 
changes associated with change in subsis- 
tence patterns. Archeological evidence 
from Lower Nubia indicates that the A- 
Group and the early C-Group were not 
fully adapted to an agricultural economy, 
and that substantial hunting and gathering 
did occur (Butzer, '65, '71; Adams, '67). 
The later Meroitic, X-Group and Christian 
populations were entirely dependent on an 
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Fig. 5 Three-dimensional model of the distribution of'the five Nubian populations along the first 
three discriminant axes, accounting for 84.7% of the total variation among the groups. 

agricultural subsistence. Thus, the relative 
robusticity of the muscles of mastication 
among A- and C-Group peoples probably 
derives both from their exceptionally 
robust Mesolithic forebearers (Greene and 
Armelagos, '72) and their own lifestyle. 
With increased utilization of softer agri- 
culturally produced foodstuffs there was a 
concomitant decrease in masticatory ro- 
busticity through time. 

Recent work by Hylander ('72) adds to 
an understanding of the relationship be- 
tween masticatory stress and skeletal mor- 
phology. Hylander ('72) noted that a rela- 
tively more anterior position of temporalis 
and of the anterior origin of masseter (zy- 
gomaxillary root point) increases the 
biomechanical efficiency with which the 
muscles of mastication function. Thus, the 
relatively more anterior origins of tem- 
poralis and masseter in the A- and C- 
Groups adds further support to the hy- 

pothesis that individuals in these groups 
required greater functional efficiency in 
mastication, and that the subsequent mor- 
phological changes between these and 
later groups are due, in part, to altered 
masticatory function. 

The nature of craniofacial change in 
Nubia between the A-Group and Christian 
periods can be further evaluated through 
inspection of the mean spatial configura- 
tions from each culture group juxtaposed 
with its temporal predecessor and suc- 
cessor. As can be seen in figure 6A, the cra- 
nial vault in the transition from the A- 
Group to the C-Group became relatively 
higher and somewhat shorter. The maxillo- 
mandibular complex became more poste- 
riorly located, due primarily to an increase 
in the size of the maxilla and mandible at 
their posterior aspects. And iinally, the 
length of the origin of the masseter muscle 
appeared to have increased slightly in the 
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A-Group 
C-Group --- 

A 

Meroitic --- 

B 

Meroitic 
X-Group Christian --- 

Fig. 6 Plots of the mean spatial configurations of crania from five Nubian populations. Each is 
superimposed on its predecessor in order to indicate the morphological trends present throughout the 
approximately 5,000 year time span in Lower Nubia. The orientation is the same as in Figure 4. (A) 
Superimposition of mean spatial coordinates for A-Group and C-Group crania. (B) Superimposition of 
mean spatial co-ordinates for C-Group and Meroitic crania. (C) Superimposition of mean spatial coor- 
dinates for Meroitic and X-Group crania. (D) Superimposition of mean spatial coordinates for X- 
Group and Christian crania. 

C-Group, while the position of temporalis discriminant functions. This was reflected 
became slightly more anteriorly situated in the comparison of their graphic con- 
relative to the frontal region and to the zy- figurations (fig. 6B1, as well as in their rela- 
gomaxillary root point. tive group centroid locations along the first 

The C-Group and Meroitic populations three variates. Although some minor dif- 
were very similar with respect to all three ferences between these two groups can be 
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perceived on the basis of their mean 
values, the group centroids indicated a 
continuation of the trend away from a low, 
elongated vault as well as a continuation of 
the trend for a greater posterior expansion 
of the lower face and an alteration in the 
size and position of the muscles of mastica- 
tion. 

The transition from the Meroitic to X- 
Group populations was marked by the 
close similarities of their cranial vault 
shape. The morphology of the lower face 
in both groups was relatively distinct, how- 
ever, and indicated a tendency for a sub- 
stantial relocation of the maxillo-mandibu- 
lar complex to a more posterior position 
(fig. 6C). In addition, some difference with 
respect to the relative size and position of 
the temporalis muscle was indicated for 
these two groups by their locations along 
the third canonical variate. The Meroitic 
population appears to have a somewhat 
larger and more anteriorly located tem- 
poralis. No substantial differences in the 
size of the origin of the masseter muscle 
are apparent from their mean configu- 
rations. 

The X-Group and Christian populations 
(fig. 6D) were characterized by their close 
similarities along the third canonical vari- 
ate, and their relatively sharp distinctions 
with respect to the fist and especially the 
second axes. It is evident that the trend 
toward a shorter and higher cranial vault, 
as suggested along the first discriminant 
axis, continued into the Christian popula- 
tion. Similarly, the lower face tended to 
continue to become somewhat more poste- 
riorly located due to a posterior translation 
of the posterior border of the ascending 
ramus of the mandible of the posterior 
nasal spine. However, associated with this 
trend in the Christian population was an in- 
crease in the anterior projection of the 
maxilla and mandibular corpus. 

CONCLUSION 

Although several studies of skeletal re- 
mains of the indigenous populations of 
Lower Nubia have emphasized the likeli- 
hood of direct biological continuity be-‘ 

tween them, none of these studies have 
closely examined the patterns of inter- 
population variation over time. Most have 
simply provided an estimate of the proba- 
bility that each cultural horizon was bio- 
logically distinct from the others. The 
present analysis of the patterns of cra- 
niometric variation between temporally 
successive populations of Lower Nubia fur- 
ther supports the hypothesis that the 
groups are biologically continuous by 
focusing on the nature of morphological 
change over approximately 5,000 years. 
The added advantage of this approach is 
that questions concerning the factors re- 
sponsible for craniofacial change through 
time can be addressed more easily. 

Variation in the Nubian skull over the 
past 5,000 years has been maintained with- 
in one broad morphological trend which is 
composed of no more than three relatively 
independent morphological patterns. The 
trend from a relatively elongated and low 
cranial vault with a more prognathic lower 
face, to a shorter and higher (more globu- 
lar) vault and a less prognathic lower face 
indicate a general and progressive “rota- 
tion” of the entire craniofacial complex 
through time. The face of the indigenous 
Nubians became more inferior-posteriorly 
located with respect to the cranial vault. 
Additionally, there was a general reduc- 
tion in the robusticity of the muscles of 
mastication and a slight positional change 
in the origins of these muscles which could 
indicate changing demands on masticatory 
function through time. 

The precise relationship between the 
form and function of the Nubian cra- 
niofacial complex cannot be ascertained 
directly from this study. Elucidation of this 
problem is the subject of present research 
on the form and function of the masticatory 
complex both in early Nubians and under 
experimental conditions using laboratory 
animals. However, the present analysis 
does provide strong indirect evidence 
equating change in the Nubian craniofacial 
skeleton and functional-behavioral altera- 
tion, which provides a framework for pos- 
ing meaningful questions about the rela- 
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tionship of form and function in the cra- 
niofacial complex. For example, reduction 
of the prominence of the glabellar and oc- 
cipital regions, which have been related 
directly (Wolpoff, '75) to masticatory 
stress, is also the result of the spatial 
change between the cranial vault and face 
seen in the Nubians. Furthermore, the re- 
duction in masticatory robusticity and 
concomitant changes in craniofacial mor- 
phology between approximately 3,400 B.C. 
and 1,500 A.D. is a logical continuation of 
changing adaptations from the Nubian 
Mesolithic (Greene and Armelagos, '721, 
The present analysis thus draws more ex- 
plicit attention to two major points: (1) that 
the craniometric differences between the 
indigenous populations of Lower Nubia 
over the past 5,000 to 12,000 years can be 
perceived most effectively within an evo- 
lutionary, processual framework; and (2) 
that change in craniofacial morphology 
among the Nubians is most likely due to 
progressive changes in the functional de- 
mands placed on the masticatory complex. 
This latter conclusion now stands as a 
working hypothesis in need of further anal- 
ysis. 
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