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Abstract

This study investigates the degree to which the facial diversity of Amerindian hunter-gatherers reflects their evolutionary

history and their adaptation to the ecosystem whose resources they exploited. 417 undeformed skulls (231 male and 186 female),
from various collections and museums in Europe and America, were studied. The technique of W.W. Howells and discriminant
analysis were applied to 17 facial variables from four Amerindian series and the Greenland Eskimo series, in both sexes. Cranial size
(PENSIZE) and shape (C-Scores) were examined separately. By removing the cranial size, a hidden and new information emerged.
Both Amerindian marine and terrestrial hunters studied are well distinguished from the Eskimos. The main differential character in
facial variation are both subnasal and alveolar prognathisms, with wide ranges of intragroup diversity. Both prognathisms, alveolar
and subnasal, are variable, although more marked in the women of all the samples studied. The Selknam (Tierra del Fuego) and
Arikara (South Dakota) men are the least prognathic. The morphological variation found is not associated with a specific ecosystem
(marine or terrestrial). Our analysis reflects the evolutionary history of the Amerindians with significant differences due to

functional adaptation which modified their faces.
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Introduction

The American continent is an ideal place for studying the
evolution and adaptation of the human phenotype to different
ecosystems. The reason lies partly in the osteological variation of
the American hunter gatherers who are descendants of the first
settlers, given that they were the first humans to arrive there.
Thus, the cultural and biological differences between Amerindian
populations can be most effectively examined to test how much of
their variation is the outcome of in situ evolutionary development.

Current data supports the notion that the first American
settlers came from one or more populations in Central Asia in ca.
16,000 BP. Neither archaeological not genetic findings now support
an occupation of the Americas before 17.5 KYA. [1,2]. One trend of
the Amerindians is genetic unity [3] with concurrent morphological
diversity. Tierra del Fuego, at the southern tip of the continent,
was colonized by the ancestors of three ethnic groups whose
formation is unknown. Two groups were marine hunters (Alakaluf
and Yamana) while the third hunted on land (Selknam) [4-7]. The
two latter groups were isolated on Isla Grande when the Straits
of Magellan opened in ca 10,000 BP. The Yamana and Alakaluf

developed extreme physiological adaptations to resist cold [8,9].
Such changes were not shared by the robust, heavily-built Selknam
terrestrial hunters. A long period of geographical isolation made
the Fuegians a useful people for documenting biosocial factors,
resource exploitation and adaptation to an adverse environment,
and the outcomes of activities such as dragging trees or canoes,
carrying objects or paramasticatory activities. This functional
adaptation is of interest to archaeologists when reconstructing
prehistoric societies in cold environments in Europe, America
and Siberia. Today there is a large amount of archaeological,
ethnographic and craniological information, along with data from
molecular biology, on the descendants of the First Americans.
Paleogenetic studies have established that they are Asiatic in origin
[10-14]. There is an extensive abridged bibliography [15] on the
craniofacial diversity of Amerindians. Three issues should be borne
in mind to avoid potential bias or incorrect interpretation. The
first one is intentional or unintentional cranial deformation, which
is very common in American cultures. Slight cases of this process
often go unnoticed [16-19]. Secondly, the correct diagnosis of
gender, which requires quantitative criteria, preferably quantitative
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and specifically generated for the group being studied [20]. The
third issue is undetected interethnic mixes, as is the case of the
Dawsonians in Tierra del Fuego [18] which is a biologically mixed
group of Alakaluf and Selknam in the Straits of Magellan, with a
mixed language described by Anglican missionaries [21]. One or
more of these issues affects all the collections of crania, which are
necessary tools since they allow us to come closer to reconstructing
the human past.

On the other hand, scientific advances, especially in epigenetics,
have opened up new perspectives in research that have had an
impact on interpretations and conclusions. The great differences in
bodily features between human groups may be partly related to a
significant link with factors of genetic regulation and environmental
action, more than to any underlying phylogenetic effect. A case in
point is height, which involves a major hereditary component but
which can increase or decrease according to the type of diet. Other
characteristics, such as robustness of the forehead, shape of the
skull may be influenced by biomechanical and hormonal factors and
by secular change, which increase intra-population diversity [15].
Such factors may explain the overlapping between the most diverse
populations in the world in terms of length, height and width of the
human cranium, even when taking into account the high level of
genetic inheritance. It is also necessary to simplify analysis of the
Amerindians so as to understand them better. Once it is established
that there are no excessively deformed crania, it is then possible
to separate size from shape using reliable methods [22-24]. The
parameters used in this article are PENSIZE and C-Scores, designed
by Howells [25,26]. Two main aims are pursued: to establish the
morphological differences in the facial variables complex between
Amerindian hunter-gatherer populations that exploited coastal
and terrestrial ecosystems respectively, and to account for these
differences within an evolutionary framework. The relative
differences in the shape of the face (without size) should reflect the
functional adaptations caused by masticatory or non-masticatory
activities. The facial size can then be added as appropriate. The
first object of study is the Yamana canoeists of the Beagle Channel
and the Selknam terrestrial hunter-gatherers of Isla Grande of the
Tierra del Fuego. The second analysis considers the canoeists of
Santa Cruz Island (California) and the Arikara terrestrial hunter
gatherers (Dakota del Sur). The final subject of study is the whole
group plus the Greenland Inuit as an outgroup (Figure 1). The Inuit,

Table 1: Individuals studied in the present study.

despite not being Amerindians, belong to the group of circumpolar
populations of hunters and fishermen with canoes, and it would be
interesting to compare their functional adaptations to those of the
Yamana and the canoeists of Santa Cruz Island.

Material and Method

Data set and technique

The sample consists of 417 undeformed skulls (231 male
and 186 female), (Table 1). Samples from Eskimo (Greenland),
Arikara (South Dakota) and Santa Cruz Island (California) [27].
The Fueguian samples (67 of the Selknam, 71 of the Yamana ethnic
groups), from the following European and American collections:
Naturhistorisches Museum (Vienna); Istituto di Antropologia
(Florence); Universita degli Studi La Sapienza (Rome); The Natural
History Museum (London); Musée de 'Homme (Paris); Museo
Etnogréfico ].B. Ambrosetti (Buenos Aires); Museo de la Plata
(Argentina); Museo del Fin del Mundo Ushuaia (Argentina); Misién
La Candelaria, Rio Grande (Argentina); Instituto de la Patagonia,
Punta Arenas (Chile); Museo Mayorino Borgatello, Punta Arenas
(Chile); Museo Provincial de Tierra del Fuego F. Cordero Rusque,
Porvenir (Chile); Museo Martin Gusinde Puerto Williams (Chile);
National Natural History Museum (Santiago de Chile); American
Museum Natural History (New York) and National Museum Natural
History Smithsonian Institution (Washington D.C.) [18]. The
data base used consisted of 63 variables described in Howells’s
Craniometric Data Set [25,26,27]. The formation of the Magellan
Strait about 10,000 years ago separated Isla Grande from the
continent, isolating the island’s inhabitants and thus giving rise
to the Selknam, an ethnic group that subsisted by hunting. The
Yamana and Alakaluf on the other hand were hunter-gatherers
that used canoes and mainly inhabited the small islands to the west
and south of Tierra del Fuego. Both groups exploited the marine
resources, mainly seals and shellfish, and seabirds as a secondary
resource. In both ethnic groups the women were responsible for
gathering molluscs, basically the species mytilus [4-7]. The Early
Arikara sample (Table 1, Figure 1) is curated partly at U.S. National
Museum, Washington Museum of Natural History, University of
Kansas, Lawrence (Howells 1973, p. 29). This series comes from a
single village site (the Sully site, 39 SL 4) near the centre of South
Dakota, believed to have been occupied by proto-historic Arikara
from about 1600 to 1750 CE.

Male Female
Eskimo 53 55
Arikara 42 27
Santa Cruz 51 51
Selknam 46 21
Yamana 39 32
Total 231 186
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The Santa Cruz Island (California) sample (Table 1, Figure 1)
is the largest of the islands in the Santa Barbara Channel. At the
time of first contact, it was inhabited by Chumash. In 1875 Paul
Schumacher, under the auspices of the Smithsonian institution,
collected skeletal and cultural material from the islands, including
seven coastal sites on Santa Cruz. The humans remain are assignable
to the late Canalifio time period of a few recent centuries. The series
is thus judged to be relatively homogeneous genetically: not tightly
restricted temporally or locally, but nonetheless one restricted to a

single island, culture, and tradition [25]. The Eskimos studied here
[25] are all from a continuous area of west and southeast Greenland
as far as Scoresby Sound, and were all associated with the Inugsuk
culture (Table 1, Figure 1), following the early Norse settlement
but antedating Danish colonization about 1750. The specimens are
from graves giving no evidence of contemporaneity with Danish
settlement. They were collected on various expeditions, from
1898 to 1935. They are curated at the Anthropological Laboratory,
University of Copenhagen.

@ Arikara

Yamana

Figure 1: Geographic distribution of the ethnic groups studied.

Data processing

A rigorous ethnic identification of the biological interaction
between the Fuegian groups themselves and with other samples
from America and Australia was carried out. All the crania were
carefully examined and their origin and ethnic attributes were
recorded. Cases that were doubtful in terms of gender and ethnic
group were diagnosed with discriminant functions taken from
well documented specimens. Deformed crania were detected and
discarded [18,19], since deformation causes changes to the face
and the base of the cranium [16,17,28]. Seventeen facial variables
were selected from the 63 craniofacial variables that were initially
available, to make the multivariant analysis less difficult to interpret.
Itimportant not to introduce more than 31 variables so as to prevent
distortion in the covariance matrixes, given that the 32 Yamana
women (Table 1), are the sample with the fewest individuals in the
study. For both reasons it was felt that the best decision was to study
the facial variation using a set of 17 quantitative variables (Table 2).
The variables were initially standardized to prevent the magnitude
effect. Interferences between magnitudes of long dimensions (BNL,
BPL) with those of less range of variation (NLB) were therefore
avoided (Table 2). However, the standardization did not eliminate
the correlation with the original measurements in mm, since the

same r of Pearson is obtained, and the cranial size is shown. Thus,
the C-Scores were calculated as follows: from the standardized
variables (Z-Scores), the cranial size (PENSIZE) of each sample
studied was calculated, finding the individual value of each case
subtracting it from the general average of each sample divided by
the number of measurements. Then the Z-scores were centered
once again by subtracting from each of them that individual’s
PENSIZE, so that the sum of these deviated scores is zero [26].

Once the effect of the cranial size is removed, the inter- and
intra-population proportions can be interpreted: facial width,
subnasal flattening, alveolar prognathism, etc, both in frontal view
and in side view (Figure 2). Given that the aim is to establish the
facial differences, the appropriate method would be discriminant
analysis, which enables groups and as many variables as are
necessary to be differentiated in order to bring about the best
possible classification. At the same time, the objective of this
study is not to classify, since group membership has already been
established, but rather to detect the facial differences relating to
lifestyle in different ecosystems. The fact that there is a reduced
capacity for discrimination once facial size is removed should be
taken into consideration. Finally, the standard tests of normality
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and homoscedasticity were calculated. Most of the mathematical variation ellipses with a confidence of 95% were computed with
calculations were obtained with the IBM SPSS program v.26. The  PAST (Paleontological statistics software package v. 3.25) [29].

Figure 2: Main facial measurements studied (W.W. Howells technique).

Table 2: Measurements used in the present study. Technique of W.W. Howells (1973, 1989).

1 BNL Basion-prosthion length.
The facial length from basion to prosthion.
2 ZYB Bizygomatic breadth.
The maximum breadth across the zygomatic arches, wherever found, perpendicular to the median plane.
3 BPL Basion-prosthion length.
The facial length from basion to prosthion.
NPH Nasion-prosthion height.
4
Upper facial height from nasion to prosthion.
NLH Nasal height.
5
The average height from nasion to the lowest point on the border of the nasal aperture on either side.
NLB Nasal breadth.
6
The distance between the anterior edges of the nasal aperture at its widest extent.
OBH Orbit height, left.
7
The height between the upper and lower borders of the left orbit, perpendicular to the long axis of the orbit and bisecting it.
ZMB Bimaxillary breadth.
8
The breadth across the maxillae, from one zygomaxillare to the other.
EKB Biorbital breadth.
9
The breadth across the orbits from ectoconchion to ectoconchion.
IML Malar length, inferior.
10 The direct distance from zygomaxillare anterior to the lowest point of the zygotemporal suture on the external surface, on the left
side.
PRR Prosthion radius.
11
The perpendicular to the transmeatal axis from prosthion.
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ZOR Zygoorbitale radius.
12
The perpendicular to the transmeatal axis from the left zygoorbitale.
ZMR Zygomaxillare radius.
13

The direct distance from zygomaxillare anterior to the lowest point of the zygotemporal suture on the external surface, on the left

side

AVR Molar alveolus radius.

14
The perpendicular to the transmeatal axis from the most anterior point on the alveolus of the left first molar.

NAA Nasion angle (basion-prosthion).

15 Of the facial triangle, the angle at nasion, whose sides are basion-nasion and nasion-prosthion (the opposite side being basion-pros-

thion).

PRA Prosthion angle (basion-nasion).

16

Of the facial triangle, the angle at prosthion, whose sides are basion-prosthion and nasion-prosthion.
SSA Zygomacxillary angle.
17
The angle at subspinale whose two sides reach from this point to zygomaxillare anterior left and right.
Results correlations were: 0.79, (80.8%), 0.51 (96.7% accumulated),

The tests of normality and homogeneity of variances gave no
signs of notable deviations, with the exception of a few variables
related to prognathism when both sexes were jointly analysed. On
the other hand, when sexes were separated and five series were
joined in order to examine the set of samples of the American
continent, some variables were placed at 2% of significance
(Kolmogorov-Smirnov test). These were the variables related to the
forward projection of cheekbones (CZMB, CZMR), and prognathism
(CNAA), which were located at the limit of parametrical statistical
significance, due to a facial peculiarity of the Inuit. On the other
hand, Friedman’s non-parametric tests implied a null hypothesis
of non-deviation from normality in all the cases. The analysis of
the Fueguian sets by ethnic groups and combined genders (Figure
3) showed correct classification of 74.6% of cases. This rate is not
low, if one considers that the cranial size has been removed, and
that the phenotypes of both sexes were studied at the same time.
The covariance matrixes showed no distortion (Box test, p value:
0.24). The C-Scores of 4 variables of prognathism (CNAA, CPRA)
and of the width of the cheekbones (CZYB, CIML) explained the
100% variance of the three discriminant functions, whose canonic

and 0.26 (100% accumulated). The standardized coefficients of
alveolar prognathism (CNAA and CPRA) weighed more in the first
function; the width of the face and prognathism (CZYB and CNAA)
in the second and the prominence of the malar bone (CIML) in the
third (Table 3). The diversity of the facial form of the terrestrial
and marine hunters of Tierra del Fuego can be seen via confidence
regions of the first two discriminant functions (96.7%). Bearing in
mind that the facial size has been reduced to the same scale, the
Yamana and Selknam women are more prognathous than the men,
in alveolar (CNAA, CPRA) and subnasal (CSSA) terms (Figure 4).
The first two variables mentioned are the most significant ones in
the analysis. The Selknam women also tend towards prognathism,
when compared to men. The Selknam men show considerable
variation in the first discriminant axis, since there are men who
are less prognathous than others (Figures 5 and 6). When the first
two variables of prognathism are combined (CSSA, CNAA) with
the cranial size (PENSIZE) (Figure 7) the maximum separation
between the groups can be seen. On the other hand, the Selknam
men show a face with large dimensions due to high scores of CZYB,
CZMB and CNPH.

Table 3: Standardized coefficients of canonical discriminant functions explaining 100% of the variability of the Tierra del Fuego

samples, Yamana and Selknam ethnic groups of both sexes.

Functions
1 2 3
CZYB -,466 ,719 ,552
CIML ,272 ,259 -0.708
CNAA , 779 ,750 ,293
CPRA ,715 -218 ,553
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Figure 3: Ninety- five per cent confidence regions for the population scores of the first two canonical discriminant
functions, explaining 96,7% of the variability. Yamana and Selknam ethnic groups of both sexes.

Figure 4: Yamana female Fi 3117 (Istituto di Antropologia, Firenze, Italy) from the Beagle Channel (Ushuaia, Argentina)
exhibiting subnasal prognathism typical of women in this group (Figure 3).

Figure 5: Selknam male 33950 T.R-1 (Instituto de la Patagonia, Punta Arenas, Chile), with little or no subnasal prognathism.
Note that a Selknam male sector of the confidence region, in Figure 3, represents low values for the forward projection of the
face (CNAA, CSSA), compared to Selknam women.
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Figure 6: Selknam male L2-288 (Instituto de la Patagonia, Punta Arenas, Chile), showing some degree of subnasal prognathism

(see the Selknam male confidence region, in Figure 3).

CSSA

/\

Selknam M

Yamana M

w7 3
?ENS\IE

Figure 7: Variation of Fuegian skulls joining the facial variation (CNAA, CSSA) the cranial size (PENSIZE).

A combined analysis (including both sexes) of the ethnic groups
of the canoeists in Santa Cruz Island (California) (Figure 8) and the
Arikara terrestrial hunters (South Dakota) gave a similar result to
that of Tierra del Fuego. This time, eight variables were necessary
to explain the three resulting discriminant functions, which
correctly classified 81.3% of the cases. There is no distortion in the
covariance matrixes of the 17 variables combined by ethnic groups
and sex (Box test, p value: 0.6). The 95% ellipses of confidence
(Figure 8) that separate the canoeists of both sexes are caused by
alveolar prognathism (CNAA), and to a lesser extent by subnasal
flatness (CSSA), which are the major contributors to the first
discriminant canonic function (Table 4). This first function explains
the 72.3% variation, the second adds 26.5% (98.8% accumulated),
and the third 1.2% (100% accumulated). In the second discriminant
function, the variables with most weight are CAVR, related to
alveolar prognathism, and CZYB, associated with the width of the
face in the zygomatic arches, (i.e. the muscles that enable the mouth

to be closed) which reflects functional activity (Table 4). In the
second axis, CPRA, the other angle of facial prognathism, separates
men and women of both ethnic groups, and the women are more
prognathous. The main difference in the case of Tierra del Fuego is
that the Arikara women are less prognathous than the men of Santa
Cruz Island. The greatest degree of similarity is the gender division
of work shown in the greater prognathism of the women. When the
variables of prognathism (CSSA, CNAA) are combined with those
of cranial size (PENSIZE) (Figure 9), the gender division of work in
such ethnic groups and its association with subnasal prognathism
(CSSA) can be clearly seen. This is because, unlike the confidence
regions (Figure 8), the Arikara women are closer to the women of
Santa Cruz as a result of this feature, which was hidden in Figure 8
since CNAA weighs more than CSSAin the firstdiscriminant function.
The third scenario was the study (in separate genders) of the above
sets, by adding a non-Amerindian outgroup, the Greenland Inuit, to
compare them with the Yamana of Tierra del Fuego. This was done
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because both ethnic groups exploit the same marine resources in
cold environments and in different hemispheres (Figure 1). In the
above scenarios, Friedman’s non-parametric test did not show a
deviation from normality and, more importantly, the respective
Box tests were not significant in any of them. This time, the Box
test did show significance when the Greenland Inuit were included
(covariance of 5 samples of 17 variables each one, in each gender),
which indicates that the Inuit are really very different from the
Amerindians. The efficacy in the classification via discriminant

analysis (men 87.4%, women 85.9%), was greater than in the
previous scenarios, since the sexes had been studied separately.
Twelve variables were necessary to explain the four discriminant
functions (Tables 5 and 6) both in men and in women, although the
variables selected are not the same in terms of their selection or for
their statistical weight. The variation in the shape of the face shown
in figures 10 (men) and 11 (women) for the first two functions
explains the 81.1% in men and the 85.3% respectively.

Table 4: Standardized coefficients of canonical discriminant functions explaining 100% of the variability of Santa Cruz Island (Cali-

fornia) and Arikara (South Dakota) samples. groups of both sexes.

Functions
1 2 8
CZYB -0.205 ,573 ,547
CNPH 467 -,238 ,148
CNLB -0.285 -377 ,066
CEKB ,399 414 -,499
CAVR ,360 ,611 ,753
CNAA 1,128 -013 ,407
CPRA 430 -,466 ,675
CSSA ,544 216 -,233

Table 5: Standardized coefficients of the four canonical discriminant functions explaining 100% of the male variation of four ethnic

groups of Amerindian terrestrial and marine hunter-gatherers and Eskimos.

Function
1 2 3 4
CZYB 419 -,269 ,294 ,570
CBPL -,348 181 ,705 ,950
CNPH ,397 -,877 -,002 -018
CNLH -,180 ,804 ,517 ,024
CNLB ,372 224 ,790 ,147
CIML -, 144 -167 ,285 ,351
CPRR ,304 ,235 ,684 -,442
CZOR 158 -,524 ,030 ,588
CZMR -,459 ,130 ,036 -125
CNAA ,838 ,290 -,797 ,393
CPRA 415 ,089 ,681 ;711
CSSA -,466 ,285 ,254 -,155
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Figure 8: Ninety-five per cent confidence regions for the population scores of the first two canonical discriminant
functions, explaining 98,8% of the variability. Santa Cruz Island (California) and Arikara (South Dakota) groups of both
sexes.

CSSA

s

» i )
e

Figure 9: Variation of the skulls of marine hunters from California (Santa Cruz) and terrestrial hunters from South Dakota
(Arikara) combining the cranial size (PENSIZE) to the facial variation (CNAA, CSSA).

Selknam

45
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Arikara
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Figure 10: Male variation of five ethnic groups of American terrestrial and marine hunter-gatherers are represented. Ninety-
five per cent confidence regions for the population scores of the first two canonical discriminant functions, explaining 81,1%
of the variability.
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The Inuit are separated from the others in the first function
because of the extreme values of facial projection (CMR and CZOR)
and subnasal prognathism (CSSA) in both sexes, along an absence
of alveolar prognathism (CSSA). Howells [25:149] describes it as
the forward prominence of the whole facial mask, especially the
orbital margin, combined with flatness across the whole nasal
region, especially the nasal bones. On the other hand, the confidence
regions of the Amerindians overlap and are differentiated from the
Inuit because of the alveolar prognathism (CNAA) and the width
of the nose (CNLB) since the nasal bone of the Inuit is extremely
narrow, as are the nasalia [26:14). The Fueguian males (Yamana
and Selknam) are separated from the other two Amerindian
sets due to the second discriminant function (30.3% of the total
variation). The variables with most weight are height of the face
(CNPH, -0.877), height of the nose (CNLH, 0.804), which have a high
level of collinearity, along with CZOR (-0.524) in men (Table 5); and
CBNL (-1.223), CBPL (-1.182) and CPRA (-1.223) in women (Table
6). In other words, the Selknam have a proportionally higher and
broader face than the other Amerindians. Furthermore, the second
function separates the male sets because of the height of the face

(CNPH) and of the nose (CNLH), along with forward prominence
of the face (CZOR) (Table 5). On the other hand, the confidence
regions of the Fueguian women are concentrated in the center of
the axis of both discriminant functions (Figure 11), far away from
the “facial mask” of Inuit women. There is less intragroup variation
in women than there is amongst men (Figures 10 and 11). At the
same time, the Selknam women are separated from the other
women because of the second discriminating function. However,
the confidence regions of the Yamana and Selknam tend to overlap.
When the two variables of prognathism are combined (CSSA,
CNAA) with cranial size (PENSIZE) in the canoeists of Santa Cruz,
they are distinguished from the others in both sexes by high values
of alveolar prognathism (CNAA). This is also the case with the Inuit
in terms of subnasal prognathism (CSSA). The Arikara women show
a higher subnasal prognathism (CSSA) than the Yamana women,
but the Arikara ethnic group has much less alveolar prognathism
(CNNA) than the Yamana ethnic group. Finally, one notable feature
is that cranial size (PENSIZE) is large amongst the Inuit and
Selknam in both sexes, and small in the ethnic group of Santa Cruz
Island (California) (Table 7, Figure 12).

Table 6: Standardized coefficients of the four canonical discriminant functions explaining 100% of the female variation of four

ethnic groups of Amerindian terrestrial and marine hunter-gatherers and Eskimos.

Function
1 2 3 4
CBNL 1,408 1,609 ,682 -3,393
CZYB 466 ,572 ,193 ,294
CBPL -2,082 -1,182 -,792 5,069
CNPH ,718 271 ,598 ,120
CNLH ,459 -,058 -,798 ,378
CNLB ,365 277 -,609 426
CIML ,003 ,130 276 ,754
CZOR -,048 ,458 ,237 ,592
CZMR ,371 ,133 115 -,463
CNAA 1,422 ,246 ,834 -2,227
CPRA ,614 -1,223 -,628 3,373
CSSA -,796 176 ,149 ,341

Table 7: C-Scores of prognathism (CNAA, CSSA) and skull size (PENSIZE), by sex, represented in Figure 12.

PENSIZE CNAA CSSA

Male
Eskimo 0,39 -0,55 0,79
Arikara -0,10 -0,45 -0,27
Santa Cruz -0,48 1,22 0,35
Yamana -0,09 0,45 -0,23
Selknam 0,26 -0,70 -0,66
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Female
Eskimo 0,34 -0,33 0,64
Arikara -0,09 -0,47 -0,16
Santa Cruz -0,49 1,15 0,11
Yamana -0,02 0,15 -0,45
Selknam 0,52 -1,62 -1,01
Selknam

Eskimo

Santa Cruz

CNAA

-60 -45 -30

-15

0.0
Axs 1

15

30 45

60

Figure 11: Female variation of five ethnic groups of American terrestrial and marine hunter-gatherers are represented Ninety-
five per cent confidence regions for the population scores of the first two canonical discriminant functions, explaining 85,3 %

of the variability.
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Figure 12: Distribution of C-Scores, by sex, of prognathism (CNAA, CSSA) and cranial size (PENSIZE).
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Discussion
Epigenetic changes and cranial plasticity

An individual’s biological tissues undergo changes that start in
the embryonic phase and continue during bodily growth. After the
basic germ layers are formed (endoderm, mesoderm, ectoderm and
neural crest), the expression of homeobox genes such as Hox, Pax
and DIx operate to determine the position and identity of the basic
parts of the body. Gene expression has an influence on the size of
particular regions or the types of receptors that they contain, thus
changing the responses to growth inducers such as hormones [30].
Such changes, which are more visible during an individual’s growth,
can affect a large number of organs. The bone structure in turn
does not grow in isolation but rather interacts with the muscles
and other tissues, meaning that the system as a whole is affected
by epigenetic effects and physical activity. A classic example is the
Neolithic population of Nubia (Egypt), whose crania were studied
in sets that varied from each other by about 5,000 years (3,400-
1,200 BCE to 0-1,500 CE). According to the masticatory-functional
hypothesis proposed by Carlson and Van Gerven [31], after a
long debate with other authors who believed in the diffusionist
hypothesis, it was finally accepted that mastication of foodstuffs
that are generally softer led to a reduction of the mechanical load
of the craniofacial skeleton. General cranial size in this population
increased by approximately 6-9%, while some other facial
dimensions decreased by up to 21%, leading to less robustness and
a shorter masseter muscle insertion in both zygomatic arches on
each side of the face. This process has also been recorded in other
populations [30:276].

In short, the cranium undergoes changes in size and shape
caused by epigenetic actions and biomechanical forces. There are
other factors that can lead to facial changes, such as paramasticatory
activities, or gene flow between populations. Although the samples
studied here are not Neolithic and presumably exercised a great
deal of force with their teeth throughout their lives, the Nubian
example can act as a guide for the variations in the results of this
study, in particular where prognathism is concerned. Subnasal
prognathism is caused to a great extent by physical masticatory
or paramasticatory activity, given that the sets of male and female
crania from anywhere in the world are subnasally flat, except for
Bushmen and Europeans [25:137-138]. European orthognathy is
generally retracted and there is a small face [26:13], since they are
descendants of Neolithic populations who experienced the change
to a soft diet thousands of years ago.The populations of this article
are pre-Neolithic and therefore the differences are not expected
to be so marked as in those who experienced an evolution to the
Neolithic phase. However, the facial differences that are mentioned
below have been generated by the factors considered previously in
this paper.

The Amerindian Craniofacial Variation

What is notable in the first axis of the ethnic groups of Tierra
del Fuego is the prognathism (CNAA, CPRA) (Figure 3). The forward

projection of the face towards the masticatory muscles can be seen
in the second axis (CZYB), CNAA, CIML); the external ones (CZYB)
inserted in the zygomatic arches and the internal ones of the
mandibular ramus (CIML). The angles of the facial triangle (nasion
and prosthion) (Table 2, Figure 2), rather than absolute measures,
have the highest loadings in the functions. It is classic prognathism,
or relative projection of alveolar region and dentition as a whole,
the latter being registered by the radius to the first molar alveolus.
However, subnasal flatness (CSSA) also plays a partin the differences
in Tierra del Fuego, although the loading is lesser (Figure 3). The
facial triangle is independent of subnasal flatness. They are on a
different plane, and the coefficient of correlation between the
prosthion angle (PRA) and zygomaxillary angle (SSA) is negligible
(r = 0.18) in our samples when subnasal flatness is measured. This
includes all the cases of both ethnic groups from Tierra del Fuego,
and further reinforces the idea that both prognathisms depend on
biomechanical activity. The women are more prognathous than the
men; and Yamana men are more prognathous than Selknam males.
There is an evident sexual division of work associated with stresses
from masticatory or paramasticatory forces whose origins are
mentioned in a previous section. Yamana women have much more
subnasal prognathism than Selknam females (Figures 3 and 7).

The confidence regions of all the analyses shown here do
not even indirectly reflect cranial size. The C-Scores with 0 value
indicate the average of the variation; and the ends of one or the
other side are more opposite each other. As mentioned above,
Yamana women are more prognathous while the reverse is the case
in Selknam men (Figures 3 and 7). Such differences may well be
due to functional activities, since the fact that the women of the
same ethnic group are more prognathous than the men cannot be
attributed to genetic inheritance. On the other hand, the influence
of physical activity can also be seen in some individual cases with
extreme variations thatinfluenced parametric normality, such as the
scenarios of Tierra del Fuego and North America (Figures 3 and 8),
even though the normality does not significantly deviate, as shown
in Friedman’s non-parametric tests and the M of Box. Given that the
confidence regions overlap in the center of Figure 3, it cannot be
deduced that the greater level of prognathism is caused by marine
adaptation, but rather by functional activities. The Selknam were
basically hunters of a variety of camelids called guanacos, although
at some point in their history they exploited coastal resources [4].
As regards the analysis of the ethnic groups of canoeists of Santa
Cruz Island (California) and the Arikara (South Dakota) terrestrial
hunters (Figure 8), twice the number of variables is needed to
explain the same percentage of variation as in the Fueguians. This
would indicate that there is greater facial heterogeneity than in
Tierra del Fuego, the cause of which could be the South Dakota set
[see 15:264], which was affected by a biological discontinuity in the
Central Plains populations (c. CE 900-1400); in this respect, some
craniofacial changes are documented, including an increase in facial
height [15:384-385]. In the results shown here, the facial height
(CNPH) is represented in the three discriminant functions (Table
4). The set of Amerindian men and women tend to group together
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if an outsider (Inuit) is included, which is more a reflection of their
evolutionary history than any adaptation to the environment from
physical activity. However, the comparison of ellipses between sexes
shows that the variability of Amerindian women overlaps but that
of men does not (Figures 10 and 11). The most likely explanation
is biomechanical functional parallelism caused by gender divisions
of labor. As regards the ‘Inuit mask’, Howells [26:14-15] stated that
the prosthion and subspinale radii are distinctly low, in accordance
with the general facial flatness combined with forwardness. The
zygomaxillary angle (SSA) of the Inuit is one of the largest in
current human variation (men 155.55; women 135.24), and is
only exceeded by the Siberian Buryats [26:157]. This morphology,
together with a narrow nose, has been proposed as a model for
adapting to cold and to intense biomechanical activity.

However, when the Inuit morphology is compared to the
Amerindian sets, especially the ones from Tierra del Fuego the
results do not match at all. The findings of a previous article [18]
suggested that there are no homoplastic masticatory effects with
regard to the cranial structure for the Fuego-Patagonian ethnicities.
In Fueguians, there are obviously clear marks of the muscular
insertions in the neurocranium and in some muscles of the face.
However, the cranial parallelism between Eskimos and Fuegians
as a structural skeletal response to highly demanding masticatory
regimes or to climatic adaptation [15:266] is not confirmed by
our data. The hypothesis that ethnic groups adapted to cold
climates in one or the other hemisphere have a narrow nose or
similar structure is not borne out in the results shown here. The
discriminant loadings of the nasal structure vary according to the
analysis scenarios used in this study. The loadings of the variables of
nasal height and width in Fueguians (CNLH, CNLB) are mean (data
not shown), while the nose width (CNLB) amongst the canoeists of
California and the terrestrial hunters of South Dakota only appears
at a low value (Table 4). The loadings of the American set of both
nasal dimensions are moderate, due to their collinearity with facial
height (CNPH) and width (CZYB, CZMB) (Tables 5 and 6). The most
interesting point is that the values of the nasal dimensions of the
Fueguians and the other Amerindians are opposite to the Inuit’s in
both sexes (Figures 10 and 11).

Conclusions

Considering that the size factor was eliminated in these
analyses, the conclusion is that the women in the Fueguian set are
more prognathous than the men, particularly the Yamana, both
from the side (CNAA, CPRA) and in a frontal view (CSSA) (Figure
2). The Selknam men show diversity in prognathism (Figures 5
and 6), which may be attributed to functional activities. Given that
the degree of prognathism is similar, the confidence regions do
not provide sufficient evidence to assert that the greater degree of
prognathism is caused by marine or land adaptation in Fueguians.

The combined analysis in both sexes of the populations of
the canoeists of Santa Cruz Island (California) (Figure 8) and the

Arikara terrestrial hunters (South Dakota) shows a result that is
very similar to the one found in Tierra del Fuego. The canoeists
of Santa Cruz Island (California) have a small cranium and are the
most prognathous of all the Amerindians. In the combined group
of the American continent, the sets of one or another sex tended
to come together when an outgroup was introduced (Inuit), which
shows that a common evolutionary history of these Amerindians is
a more relevant factor than their respective functional adaptations
to different ecosystems. At the same time, the overlap of three of the
four female confidence regions in Figure 11, related to CNAA and
partially shared with Inuit women, shows alveolar prognathism
to be a differential factor when compared to males, the most
remarkable case of this being the women canoeists of Santa Cruz.
Comparison of the confidence regions between sexes shows that
the variability of Amerindian women overlaps in a different way
to men. A likely explanation for this is a biomechanical functional
parallelism caused by gender division of labor. There is no support
for the hypothesis that ethnic groups adapted to a cold climate in
either hemisphere have a narrow or similarly shaped nose.
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