Chapter 11

A Preliminary Approach to the Neanderthal Speciation by Distance
Hypothesis: A View from the Shoulder Complex

Jean-Luc Voisin

Abstract Neanderthal extinction is still under debate and
there are two main schools of thought on this topic: (1)
Neanderthals and modern humans are two distinct species
and (2) Neanderthals and modern humans are a single spe-
cies, with or without two subspecies. Recently, a new hypoth-
esis has risen up, which takes into account arguments from
both schools: the Neanderthal speciation by distance (i.e.
Voisin 2006¢). This hypothesis is based on a morphological
cline from East to West in Neanderthal populations. In other
words, the farther those populations lived to the west, the
more they displayed pronounced Neanderthal characters. The
aim of this study is to test the speciation by distance hypoth-
esis in Neanderthal in regard to the shoulder complex. The
shoulder girdle displays a morphological cline from East to
West, but only for architectural characters and not for func-
tional ones. This cline could be better explained by a result
of a speciation by distance induced by genetic drift than by a
different response to any physical activities. This study tends
to confirm the speciation by distance model for Neanderthal,
even if more studies are needed to confirm it firmly.

Keywords Geographical cline « Europe « Near East « Shoulder
girdle « Clavicle « Scapula

Introduction

Neanderthal extinction is still under debate and there are two
main schools of thought on this topic: (1) Neanderthals and
modern humans are two distinct species (i.e., Rak 1993;
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Hublin et al. 1996; Stringer and McKie 1996; Bermudez de
Castro et al. 1997; Krings et al. 1997; Stringer 1998, 2002;
Bocquet-Appel and Demars 2000; Hublin 2000; Arsuaga
et al. 2001; Brauer 2001; Schillaci and Froehlich 2001; Rak
et al. 2002; Harvati 2003; Harvati et al. 2004); and
(2) Neanderthals and modern humans are a single species,
with or without two subspecies (i.e. Thoma 1965; Trinkaus
1983, 1991; Smith et al. 1989a, 2005; Smith 1991; Smith and
Trinkaus 1991; Frayer 1992; Wolpoff et al. 2000; Relethford
2001, 2003; Ahern et al. 2002; Curnoe and Thorne 2003). But
recently, a new hypothesis has risen up, which takes into
account arguments from both schools: the Neanderthal spe-
ciation by distance (Moncel and Voisin 2006; Voisin 2006c).

Extreme examples of speciation by distance are “ring spe-
cies” or speciation by circular overlap. “Ring species provide
dramatic evidence that normal genetic divergence within one
species can build up to a sufficient level to generate two spe-
cies” (Ridley 2004: 388). Among vertebrates, fully convinc-
ing examples of ring species are few and include the
Californian salamander Ensatina eschscholtzii (Ridley 2004),
the herring gull Larus argentatus and lesser black-backed
gull Larus fuscus (Mayr 1974), and the greenish warbler
Phylloscopus trochiloides (Irwin et al. 2001a, 2005). In cen-
tral Siberia, two distinct forms, P, trochiloides viridanus and
P. trochiloides plumbeitarsus, are sympatric without inter-
breeding (Fig. 11.1), and therefore may be considered two spe-
cies. These two forms are nevertheless connected by a chain
of interbreeding populations encircling the Tibetan plateau
to the south (P. trochiloides ludlowi, Pt. trochiloides, Pt.
obscuratus), and traits change gradually in consecutive pop-
ulations (Irwin et al. 2001a). There is no obvious species
boundary along this chain, and the two terminal “species”
viridanus and plumbeitarsus are connected by gene flow
(Irwin et al. 2001b).

Between the two forms living in central Siberia, mor-
phological traits change gradually in consecutive popula-
tions encircling the Tibetan plateau, in the same manner as
those of western to eastern Neanderthals. Thus, just before
the spread of modern humans into Europe about 40,000 years
ago, there was a chain of Neanderthal populations through-
out Europe and the Near East, more or less connected by
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Fig. 11.1 The greenish Warblers (Phylloscopus trochiloides) ring species. The break in the population in west China is inferred to be recent and

caused by deforestation (After Irwin et al. 2001a and Voisin 2006¢)

Table 11.1 Summary of Neanderthal characteristics in West Europe
and Near-East

West Europe Near-East

Pronounced Neanderthal
characters: “Hyper
Neanderthal” morphology

No Neanderthal characters
within first post-Neanderthal
populations.

Slightly pronounced Neanderthal
characters: “Hypo Neanderthal”
morphology

Neanderthal characters within first
post-Neanderthal populations.

gene flow (the gene flow rate would have varied as the ice
sheets expanded and receded) and displaying a morpho-
logical cline from East to West. In other words, in the west
part of the Neanderthal distribution area, human groups are
characterized by pronounced Neanderthal characters and in
the East part, populations are characterized by slightly pro-
nounced Neanderthal characters (Table 11.1). Moreover,
Neanderthal features seem to subsist in Central Europe and
Near East post-Neanderthal populations (i.e. Smith et al.
1989b, 2005; Frayer 1992; Wolpoff et al. 2001, 2004;
Trinkaus et al. 2003a, b; Jankovi¢ et al. 2006; Ahern 2006;
Hawks 2006).

The aim of this study is to test the speciation by dis-
tance hypothesis in Neanderthal in regard to the shoulder
complex. I used shoulder girdle bones because they are

the most characteristic of Neanderthal postcranial ones
(Heim 1974, 1982; Vandermeersch 1981; Voisin 2004,
2006a) and also because the upper limb capacities depend
on the shoulder complex. More extensive studies are cur-
rently in progress both on cranial and postcranial evidence
and also on teeth (Voisin and Condemi, in press). The
present work is more a preliminary report than a full con-
clusive paper and its aim is to show that a morphological
cline clearly existed in Neanderthal populations and
affected special features.

Materials and Methods

Materials

We studied 18 Neanderthal scapula and 17 clavicles
(Table 11.2), which were completed for some characters by
additional individual data from the literature. The sample is
completed by 33 clavicles and 29 scapulas of modern
humans (MH) (Homo sapiens sapiens) from several
parts of the world (Europe 10, Africa 7, North America 5,
Asia 7, unknown 4 (the last four, only for clavicles)). These
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Table 11.2 Fossil remains used in this study

Clavicle

Scapula

Régourdou (L) and (R)
La Ferrassie I (L)* and (R)*

Neanderthal (R)
/

La Chapelle-aux-Saints (L)*

Krapina 142 (R)*
Krapina 143 (R)*
Krapina 144 (R)*
Krapina 145 (R)*
Krapina 149 (R)*
Krapina 153 (L)*
Krapina 154 (L)
Krapina 155 (L)
Krapina 156 (L)

/

La Ferrassie I (L)* and (R)*

Neanderthal (R)
Spy (L) and (R)
/

Krapina 125 (L)
Krapina 127 (R)*
Krapina 128 (R)*
Krapina 129 (R)*
Krapina 130 (L)*
Krapina 131 (L)*
Krapina 132 (R)*
Krapina 134 (R)*
Krapina 135 (R)*

/ Vindija 209 (L)
Kebara (L) and (R) Kebara (L) and (R)
/ Tabun I (L)?

(L) and (R) mean respectively left and right

*Original remains

specimens are housed in the Département “Hommes,
Natures, Sociétés” du Musée de I’Homme, Paris (France),
the Institut de Paléontologie Humaine, Paris (France), the
Croatian Natural History Museum, Zagreb (Croatia), and
the Institut Royal des Sciences Naturelles de Belgique,
Bruxelles (Belgium).

Methods

Study of the Clavicles

Due to its complexity, the morphology of the clavicle will
be approached in regard to its curvatures. When projected
on two perpendicular planes, one cranial and one dorsal, the
clavicle morphology can be decomposed in elementary cur-
vatures, as shown in Fig. 11.2.

The middle arc of curvature is estimated according to
Olivier’s method (1951a) as the proportion between the
length of the chord and the height of the curvature (Fig. 11.2):

Cranial plane:
The acromial curvature (external one): e/h.100
The sternal curvature (internal one): f/g.100.

Dorsal plane:
The acromial curvature (inferior one): e’/h’.100
The sternal curvature (superior one): f’/g’.100

Three other characters will also be used: the total length
(measured with a calliper as the greatest length of the bone),
the presence or absence of a costo-clavicular ligament inser-
tion, or costal tuberosity, and of a subclavius sulcus.

Cranial view
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Fig. 11.2 Determination of curvatures on a right clavicle of Pan trog-
lodytes (Olivier 1951a)

Study of the Scapulas

As the majority of the scapula remains are damaged, only
three measurements could be used on most fossils:

The glenoid fossa index:
(Breadth of the glenoid fossa/height of the glenoid fossa) x 100.

The breadth and the height of the glenoid fossa are measured as
suggested by Martin (1928). This method is less precise than
that proposed by Vallois (1928-1946), but as most works on
Neanderthal used the Martin technique, I will also use it for
obtaining data comparable with those of other authors.

The scapula neck index (Larson 1995):
Neck length/root square (breadth of the glenoid fossa x
height of the glenoid fossa) x 100.

This index is associated to arm movement, especially to the
abduction function of the infraspinatus (Larson 1995). Neck
length is the minimum width of the infraspinous fossa
(between A and B) at the neck of the scapula (Fig. 11.3),
measured with a caliper.

The angle A:

It is the angle between glenoid great axis and the ventral bar
(the prominent buttress just medial to the axillary border on
the ventral surface of the scapula). This angle is correlated to
the axillo-glenoid angle (Stern and Susman 1983) and its
measure does not need a complete scapula, which is very rare
in fossil records. The higher the angle values, the more the
glenoid fossa is oriented cranially.

The morphology of the axillary border and the associated
sulcus:

Ventral, bisculate, or dorsal. This character is associated to
arm movements and could be the result of a high muscle
activity or could have a more phylogenetic relationship
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(Trinkaus 1977; Heim 1982; Frayer 1992; Odwak 2006;
Trinkaus 2006, 2008).

The measurements and distribution of the variables have
been computed with ViStat 6.4 ® (Young 2001). Graphics

Fig. 11.3 Neck length or the minimum width of the infraspinous fossa
(From A to B) (After Larson 1995)

External curvature

showing the range of variation of each variable are repre-
sented by the mean and +/— two times standard deviation.

Results

The Clavicle

Curvatures in Cranial View

In superior view, all fossil clavicles studied here are distributed
within the range of variation of modern human ones (Fig. 11.4,
Table 11.3) and there is no evidence for a cline for this feature.
This result shows that Neanderthal clavicles, in superior view,
are less S-shaped than classically described (Boule 1911-1913;
Patte 1955; Heim 1974, 1982; Vandermeersch and Trinkaus
1995) and display no differences with modern human ones in
cranial view. This result is confirmed by other recent works
(Voisin 2000, 2001, 2004, 2006a).

Curvatures in Dorsal View

In dorsal view, modern human clavicles can be classified into
three morphological groups (Fig. 11.5), or types, according
to Olivier’s studies on more than 800 clavicles from Europe,
Africa, America, and Australia (Olivier 1951b, 1954, 1955;
Olivier et al. 1954). Type I possesses only an inferior curva-
ture, and is the most frequent. Type II clavicles are far less
common, and display two curvatures in dorsal view, a supe-
rior one at the sternal end, and an inferior one at the acromial
end. Type III clavicles show a superior curvature at the acro-
mial end, and none at the sternal part. Type III clavicles are
by far the least frequent form (Olivier 1951b, 1954, 1955;
Olivier et al. 1954).

Internal curvature

West Europe  Central Europe  Near East ~ Modern human

West Europe Central Europe  Near East  Modern human

Fig. 11.4 Mean and range of variation of clavicle curvatures in cranial view in West Europe, Central Europe, and Near-East Neanderthals
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Table 11.3 Values of clavicle curvatures in superior view Table 11.4 Values of clavicle curvatures in dorsal view
External Internal Inferior Superior

Individual curvature curvature  Region Individual curvature curvature Region
Régourdou (R) 14.46 10.00 West Europe Régourdou (R) 7.41 8.04 West Europe
Régourdou (L) 13.16 11.86 Régourdou (L) 3.03 321
La Ferrassie 1 (R) 14.22 13.24 La Ferrassie 1 (R) 5.41 5.83
La Ferrassie 1 (L) 17.65 12.32 La Ferrassie 1 (L) 8.23 2.61
Neanderthal (R) 16.67 13.16 Neanderthal (R) 7.41 6.18
La Chapelle-aux- / 12.24 La Chapelle-aux- 7.37 /

Saints (L) Saints (L)
Mean 15.23 12.14 Mean 6.48 5.17
Krapina 142 (R) 17.40 16.70 Central Europe Krapina 142 (R) 6.9 5.9 Central Europe
Krapina 143 (R) 13.90 12.10 Krapina 143 (R) 6.3 0
Krapina 154 (L) 14.10 11.40 Krapina 154 (L) 6.3 6.6
Krapina 149 (R) 20.00 / Krapina 149 (R) 13.3 /
Krapina 144 (R) 12.00 / Krapina 144 (R) 9.3 /
Krapina 155 (L) 18.10 / Krapina 155 (L) 6.8 /
Krapina 153 (L) 10.80 10.30 Krapina 153 (L) 3.8 39
Krapina 145 (L) / 11.30 Krapina 145 (L) / 7.2
Krapina 156 (L) / 14.70 Krapina 156 (L) 2.2 /
Mean 15.19 12.75 Mean 6.86 4.72
Kebara (L) 16.51 11.11 Near-East Kebara (L) 4.94 0 Near East
Kebara (D) 9.52 11.29 Kebara (R) 3.38 0
Mean 13.02 11.20 Mean 4.16 0
Modern Human 2.65/16.12  2.52/12.62 Modern human 2.37/4.98 1.70/1.15

Standard deviation/ standard

Mean deviation/mean

Sternal end Acromial end

Typel
m

ype 11

Type III

Fig.11.5 The three types of modern human clavicles (For a definition,
see text and Voisin 2006a)

Nearly all clavicles that do not belong to modern or
Upper Paleolithic humans display two curvatures in dorsal
view: an inferior one at their acromial extremity and a supe-
rior curvature at their sternal extremity (Voisin 2004, 2006a,
2008). However, some modern human clavicles display two
curvatures in dorsal view, but their morphology is different
from that of Neanderthal (Voisin 2004, 2006a, 2008). The
superior curvature, when present, is less pronounced and

less frequent in modern humans (Table 11.4). Moreover,
some Neanderthal clavicles (Régourdou left and right, La
Ferrassie I right, Krapina 153 and 154) display a superior
curvature that is even more pronounced than the inferior one
(Table 11.4). However, Kebara (right and left) and Krapina
143 display a modern morphology, showing only the infe-
rior curvature. As a whole, 78% of Neanderthal clavicles
show two curvatures in dorsal view (Voisin 2004, 2006a,
2008), and none with only one curvature are from West
Europe.

The Length

Neanderthal clavicles have an average length similar to
that of Upper Paleolithic and modern human ones (Voisin
2004, 2006a) (Table 11.5). However, Neanderthal popula-
tions are heterogeneous for this character (Fig. 11.6,
Table 11.5) and clavicles from Western Europe are longer
than those from Krapina and those from the Near East. This
observation, confirmed by other authors (Trinkaus 1983;
Nara 1994), may show that Neanderthal clavicles display a
trend toward a reduction in size from West to East, even if
Kebara clavicles stand close to western Neanderthal
values.
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Table 11.5 Clavicle total length values

Individual Total length Region
Régourdou (R) 152.0 West Europe
Régourdou (L) 146.0

La Ferrassie 1 (R) 173.5

La Ferrassie 1 (L) 178.0

Neanderthal (R) 140.0

Mean 157.9

Krapina 153 (L) 145.0 Central Europe
Krapina 142 (R) 149.0

Krapina 143 (R) 130.9

Krapina 154 (L) 118.0

Mean 135.7

Kebara (L) 162.0 Near East
Kebara (R) 150.5

Shanidar 3 (R)? 149.0

Shanidar 1 (L)® 150.0

Tabun 1 (R)* 135.0

Tabun 1 (L) 135.0

Mean 146.9

**From Trinkaus (1981, 1982)

°From Heim (1982)

Costal Tuberosity and Subclavius Sulcus

All Neanderthal clavicles studied here display both a costal
tuberosity and a subclavius sulcus, except Krapina 153
and 149, which do not show respectively any costal tuberos-
ity or subclavius sulcus. These two characters display no
clinal variation in Neanderthal populations, and their fre-
quencies are close to that of modern humans (Table 11.6).

Table 11.6 The presence or the absence of the costal tuberosity and
the subclavius muscle in Neanderthals

Individual

Costal tuberosity

Subclavius sulcus

Shanidar 1 (L)
Shanidar 1 (R)?
Shanidar 3 (R)*
Kebara (L)
Kebara (R)
Tabun 1 (L)
Tabun 1 (L)
Krapina 153
Krapina 143 (R)
Krapina 142 (R)
Krapina 156 (L)
Krapina 155 (L)
Krapina 144 (R)
Krapina 145 (R)
Krapina 149 (R)
Krapina 154 (L)
Krapina 157 (L)
Régourdou (R)
Régourdou (L)
La Ferrassie I (R)
La Ferrassie I (L)
La Chapelle-aux-
Saints (L)
Neanderthal (R)
Neanderthal
frequency (in%)
Modern human
frequency (%)

Present
Present
Present
Present
Present
Present
Present
Absent
Present
Present
Present
/

/

Present
/

Present
Present
Present
Present
Present
Present
Present

/
94.73

93.9

Present
?
?
Present
Present
/
/
Present
?
Present
Present
Present
/
Present
Absent
Present
/
Present
Present
Present
Present
/

Present
92.86

81.8

/ Character not observable because part of the bone is missing
? No information available from literature
“From Trinkaus (1982, 1983)

200
190 1
180 1
170 1
160
150 1
140 1
130 1
120 1

Fig. 11.6 Mean and range 110

of variation of clavicle length 100

in West Europe, Central Europe,
and Near-East Neanderthals

West Europe

Central Europe

Near East
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Fig. 11.7 Mean and range of 80 -
variation of the glenoid index in
West Europe, Central Europe, 75
and Near-East Neanderthals
70 1
65 1
60
55 1
50

West Europe

However, the two characters, taken together, are more
frequent than on modern clavicles. In other words, it is more
frequent to find the costal tuberosity and the subclavius
sulcus on the same clavicle in Neanderthals (91.7%) than in
modern humans (75.8%).

The Scapula

The Glenoid Index

The glenoid index, which is narrower in Neanderthals than in
modern humans (i.e. Stewart 1962; Heim 1974, 1982; Voisin
2000; Trinkaus 2006), does not show any clear variation
between Neanderthals in general and any clinal variation in
particular (Fig. 11.7, Table 11.7).

The Scapula Neck Index

The scapula neck index seems to show slight differences from
East to West (Table 11.7, Fig. 11.8). The average index is higher
in Near East than in central or West Europe. In the Near East,
the values are closer to those of modern humans (Voisin
2000). But, for this index, the data comes from only two scap-
ulas from the same individual, Kebara, so that it is still impos-
sible to conclude that the arm movement capacities are
different between European and Near-East Neanderthals.

Angle A

The angle between glenoid axis and the ventral bar, or angle
A, seems to be higher in Central European populations than

Central Europe Near East

Table 11.7 Data for the glenoid and scapula neck index as well as for
angle A (angle between glenoid axis and ventral bar). Some glenoid index
values are taken from Vandermeersch (1981, 1991) and Trinkaus (2006)

Glenoid Scapula

Individual index neck index Angle A
Kebara (R) 63.9 91.6 148.0
Kebara (L) 61.5 93.5 133.0
Shanidar 1 (L) 65.8
Tabun 1 (L) 65.5 89.5 141.5
Amud 1 67.5
Mean 64.8 91.5 140.8
Krapina 127 (R) 65.4 75.2 155.0
Krapina 129 (R) 61.5 67.1 147.0
Krapina 125 (L) 68.0 81.4 148.0
Krapina 132 (R) 67.1 73.7 146.5
Krapina 130 (L) 77.3 86.2 147.0
Krapina 131 (L) 63.3 91.3 149.0
Krapina 133 (R) 69.1 90.2
Vindija 209 (L) 77.0 138.5
Mean 68.6 80.7 147.3
Ferrassie I (R) 68.1 77.1 132.5
Ferrassie I (L) 65.2 80.8 141.0
Spy (L) 75.0 93.8
Spy (R) 72.3 83.2 135.0
Neanderthal (R) 63.2 81.1 145.0
Mean 68.8 83.2 138.4
Modern human 4.0/80.3 6.8/83.6 5.3/146.4

(standard

deviation/mean)

in those of the Near East and West Europe (Table 11.7, Fig. 11.9).
Nevertheless, Neanderthal populations are not homogenous
for this character, which, at the same time, shows no evi-
dence of an East to West morphological cline. However, the
Kebara left value does not seem accurate, this scapula having
possibly suffered during the time it spent underground
(Vandermeersch 1991).
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Fig. 11.8 Mean and range of 105 1
variation of the scapula neck
index in West Europe, Central 100
Europe, and Near-East
Neanderthals 95 1
90
85 1
80 1
75 1
70 7
65
60
Fig. 11.9 Mean and range of 160 7
variation of the angle between
glenoid axis and the ventral bar, 155
or angle A in West Europe,
Central Europe, and Near-East ]
Neanderthals and in modern 150
humans
145 A
140 4
135 4
130 4
125 1
120

The Axillary Border

The morphology of the axillary border, and especially the
position of the axillary sulcus (ventral, bisulcate, or dorsal),
of the Neanderthal scapula has been well described and
studied because of its possible distinctiveness between
Neanderthals and Modern Humans and/or its relations to
arm movements (i.e. Boule 1911-1913; Vallois 1928, 1932,
1946; Stewart 1962, 1964; Heim 1974, 1982; Trinkaus 1977,
1982, 1983; Vandermeersch 1981; Voisin 2000; Busby 2006;
Odwak 2006; Trinkaus 2006). For a long time, a sulcus
in dorsal position was considered as characteristic of
Neanderthals (Boule 1911-1913; Vallois 1928, 1932, 1946;
Stewart 1962, 1964) in comparison to modern humans,

West Europe  Central Europe Near East Modern Human

West Europe  Central Europe Near East Modern Human

which were considered to possess only a ventral one, or
sometimes a dorsal as well as a ventral one (bisulcate scap-
ula). More recent works show that, in some modern human
populations, it is possible to find a dorsal sulcus with a high
frequency (Heim 1974, 1982; Trinkaus 1977, 1982, 1983,
2006; Vandermeersch 1981; Odwak 2006). Moreover, some
Neanderthal scapulas also display the bisulcate type, and
some also only possess a ventral sulcus. The bisulcate type is
more frequent in Near East Neanderthal populations than in
others (Table 11.8). Moreover, only a small proportion of
scapulas from Central Europe have no dorsal sulcus, and
none are known from West Europe. In other words, the dis-
tribution of the axillary border morphology is not homoge-
nous within Neanderthal populations.
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Table 11.8 The position of the axillary sulcus on Neanderthal
scapulae. Some morphological data are taken from Boule (1911-1913),
Fraipont (1927), Trinkaus (1982, 1983, 2006), Vandermeersch (1991),
Frayer (1992) and Odwak (2006)

Ventral Bisulcate Dorsal Percent (%)*
Shanidar 3 (R) 37.5
Shanidar 1 (L)
Shanidar 2 (L)
Shanidar 4 (R)
Tabun 1 (L)
Amud 1
Kebara (L)
Kebara (R)
Krapina 125 (L) 20

Krapina 127 (R)
Krapina 128 (R)
Krapina 129 (R)
Krapina 130 (L)
Krapina 131 (L)
Krapina 132 (R)
Krapina 134 (R)
Krapina 135 (R)
Vindija 209 (L)
La Ferrassie 1 (R) 0
La Ferrassie 1 (L)
La Ferrassie 2 (R)
Neanderthal (R)
Spy (R)
Spy ()
*Frequencies, in percentage of non dorsal axillary sulcus

Discussion

The Clavicle

In Neanderthal, clavicle length and curvatures in dorsal view
show a clinal variation from East to West. Clavicles may dis-
play only one curvature in dorsal view in the Near-East, con-
trary to those of western Neanderthals, which always display
two. At the same time, clavicles become longer from East to
West (with the exception of Kebara). Curvatures in dorsal
view are associated to shoulder architecture (Voisin 20064, b).
As the costoclavicular ligament limits horizontal and vertical
clavicle movements at the sternoclavicular joint, an elonga-
tion of this latter ligament increases the mobility and weak-
ness of the joint and involves greater muscular control,
exerted by the subclavius muscle. An important superior
curvature permits to associate a high scapula with respect to
the thorax and a clavicle with its medial end nearly parallel
to the manubrium (Fig. 11.10). This condition avoids the
elongation of the costoclavicular ligament. In other words,
two pronounced curvatures in dorsal view are associated to
scapulas located higher on the thorax than scapulas associ-
ated to clavicles with only an inferior curvature (Voisin 2004,

Costo-clavicular .
ligament ~° Acromial
Sterno- ot end

clavicular joint

Fig. 11.10 Clavicles associated with a high scapula in regard to the
thorax. Dotted line, human clavicle (with a unique inferior curvature);
full line, great ape clavicle (with two curvatures in dorsal view). Note
the costo-clavicular length difference with the two types of clavicle
(After Voisin 2006b)

2006a, b). Hence, the curvatures cline within Neanderthals,
in dorsal view, allows concluding the scapula position
becomes progressively higher on the thorax from East to
West within this population.

In the Near East, Neanderthal shoulder architecture is
very similar to that of modern humans, whereas it becomes
clearly different from ours in West Europe. Moreover, for a
same shoulder breadth, the more the scapula sits high on the
thorax, the longer is the clavicle. Thus, the geographic cline
in clavicle length observed in this study is consistent with the
dorsal curvatures cline.

At the same time, some clavicle characters do not dis-
play any geographical cline, like the curvatures in superior
view and the subclavius sulcus and costal tuberosity
frequencies. As demonstrated previously (Voisin 2006a, b),
curvatures in superior view are related to arm movements,
especially arm elevation, which are needed for both carrying
and throwing objects like spears. There does not seem to be
any difference in arm movement capacity from East to West
in Neanderthal populations. The subclavius sulcus and cos-
tal tuberosity are present on most Neanderthal clavicles,
and the frequency of these two characters is higher than in
modern humans (Voisin 2000). As the scapula glenoid
index, this character could be considered as a Neanderthal
character, and may be due to a higher level of physical
activities than in modern humans (Ray 1959; Jit and Kaur
1986).

Clavicle characters showing an East to West morphologi-
cal cline are architectural, and, on the contrary, characters
not displaying any morphological cline are functional.
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Among scapula characters, the narrower morphology of the
Neanderthal glenoid fossa is well known (i.e. Vallois 1928,
1932, 1946; Heim 1974, 1982; Trinkaus 2006). According to
Churchill and Trinkaus (1990) and Trinkaus (2006), this
narrower morphology “is related to habitual degrees of
loading in medial and lateral hyperrotation of the gle-
nohumeral articulation” (Trinkaus 2006, p. 344). This mor-
phology is associated to peculiar arm movements and
characteristic of Neanderthals and, as several other clavicle
functional characters, the glenoid fossa morphology does not
display any East to West cline.

The minimum width of the infraspinous fossa at the neck
of the scapula, or scapula neck, determine the extension of
the subscapularis fossa (Larson 1995) and also the impor-
tance of the infraspinous fossa, even on fragmentary remains
(Voisin 2000). This index shows no clinal variation from
East to West, and subsequently there is no variation of the
subscapularis and infraspinous fossa along the Neanderthal
distribution area. Furthermore, variation in Neanderthals
does not differ from that of modern humans (Voisin 2000). In
other words, the infraspinous and subscapularis muscles dis-
play no variation from West to East in Neanderthal popula-
tions, and are similar to those of modern humans. As other
shoulder girdle functional characters, the minimum width of
the infraspinous fossa at the neck of the scapula does not
display any clinal variation.

The angle A, between the glenoid fossa and ventral bar,
is correlated to the axillo-glenoid angle (Stern and Susman,
1983) and give a good overview of the orientation of the
glenoid fossa. The orientation of the glenoid fossa is asso-
ciated to arm movements for locomotion and/or manipu-
lation. Central Europe and Near-East Neanderthals seem
to have very similar values for this angle. On the contrary,
these values tend to be lower in Western Europe. This dif-
ference could be explained by the fact that the scapula is
situated higher on the thorax in Western than in Near-East
or Central Europe Neanderthals. With lesser values, the
glenoid fossa would have been oriented less cranially than
in modern humans or in Eastern Neanderthals, and
compensate for the elevation of the scapula in Western
Neanderthals.

The morphology of the axillary border displays a mor-
phological cline from West to East. According to several
authors like Smith (1976), Trinkaus (1977), and Odwak
(2006), it is an acquired character because the three types of
sulci exist within Neanderthal, even on the same site like
Krapina. Trinkaus (1977) suggest that the dorsal sulcus
increases the attachment of the area for Teres minor. This
latter muscle, along with infraspinatus, is a primary lateral
rotator of the humerus and helps retaining the humeral head

in the glenoid fossa. As Odwak (2006) wrote, this morphol-
ogy may reflect overall osseous changes related to muscular
hypertrophy and muscle re-orientation as well as to robustic-
ity. The elevation of the shoulder in Neanderthals, as their
clavicles show it, could be responsible for a reorientation of
the shoulder muscles and especially the Teres minor. Thus,
the morphological cline observed for the axillary sulcus may
reflect the elevation of the shoulder girdle and the muscle
hypertrophy that characterize Neanderthal populations. Even
if this variation of the axillary sulcus is not genetically deter-
minated, it reflects the Neanderthal shoulder architecture and
it is more a by-product of the shoulder elevation than a real
adaptation.

Thus, like clavicle curvatures, scapula traits associated to
arm movement do not present any clinal variation from East
to West and are homogenous within Neanderthal population.
On the contrary, scapula characters in relation to shoulder
architecture display an East to West cline.

Conclusion

A geographical cline in some characters of the shoulder
girdle architecture seems to be evident from East to West in
Neanderthal populations. Because of the scarcity of the
remains at our disposal, it is not possible to draw any firm
conclusion yet, and more studies, some of them in progress
now, are needed on the subject. However, characters which
seem to display a geographical gradient from East to West in
Neanderthal populations are architectural, like clavicle
morphology in dorsal view. On the contrary, functional
characters, like clavicles curvatures in superior view, do not
show any geographical cline.

Functional characters could be the result of various activi-
ties, and thus differences could be explained by behavior
changes. On the contrary, architectural characters are mostly
inherited and thus seem to be less a response to any physical
activities than a result of a speciation by distance induced by
genetic drift.

More studies are needed to conclude about the geograph-
ical cline from East to West in Neanderthal populations, but
this first work shows that a geographical cline probably
exists and is more a matter of architecture than a matter
of function.

Acknowledgments I would first like to thank Silvana Condemi for her
proposal to participate in the “150 years of Neanderthal discoveries —
Early Europeans — continuity & discontinuity.” I would also thank
Professors Dominique Grimaud-Hervé, Jakov Radovci¢, and Philippe
Menecier, who allowed me to work, respectively, on the collections of
the Institut de Paléontologie Humaine (Paris, France), the Croatian
Natural History Museum (Zagreb, Croatia), and the Département des
collections du Musée de I’Homme (Paris, France).



11 Neanderthal Speciation by Distance

137

References

Ahern, J. C. M. (2006). Non-metric variation in recent humans as a
model for understanding Neanderthal-early modern human differ-
ences: Just how “unique” are Neanderthal unique traits. In K.
Harvati & T. Harrison (Eds.), Neanderthals revisited — new
approaches and perspectives (pp. 255-268). Dordrecht: Springer.

Ahern, J. C. M., Lee, S. H., & Hawks, J. D. (2002). The late Neandertal
supraorbital fossils from Vindija cave, Croatian: A biased sample?
Journal of Human Evolution, 43, 419-432.

Arsuaga, J. L., Martinez, 1., & Gracia, A. (2001). Analyse phylogéné-
tique des hominidés de la Sierra de Atapuerca (Sima de los Huesos
et Gran Dolina TD-6): I’évidence cranienne. L’Anthropologie
(Paris), 105, 161-178.

Bermudez de Castro, J. M., Arsuaga, J. L., Carbonell, E., Rosas, A.,
Martinez, 1., & Mosquera, M. (1997). A hominid from lower
Pleistocene of Atapuerca, Spain: Possible ancestor to Neandertals
and modern humans. Science, 276, 1392—-1395.

Bocquet-Appel, J. P, & Demars, P. Y. (2000). Neanderthal contraction
and modern human colonization of Europe. Antiquity, 74, 544-552.

Boule, M. (1911-1913). L’'Homme fossile de la Chapelle-aux-Saints.
Annales de Paléontologie, 6,7 & 8, 111-172, 121-192, 111-170.

Briduer, G. (2001). The “Out-of-Africa” model and the question of
regional continuity. In P. V. Tobias, M. A. Raath, J. Moggi-Checchi,
& G. A. Doyle (Eds.), Humanity from African naissance to coming
millennia (pp. 183-189). Firenze & Witwatersrand: Firenze
University Press, Witwatersrand University Press.

Busby, A. M. (2006). A multivariate analysis of the ontogeny of the
scapular axillary border. Periodicum Biologorum, 108, 364-371.
Churchill, S. E., & Trinkaus, E. (1990). Neandertal scapular glenoid mor-

phology. American Journal of Physical Anthropology, 83, 147-160.

Curnoe, D., & Thorne, A. (2003). Number of ancestral human species:
A molecular perspective. Homo, 53, 201-224.

Fraipont, C. (1927). Sur I’omoplate et le sacrum de I’homme de Spy.
Revue Anthropologique (Paris), 37, 189—195.

Frayer, D. W. (1992). The persistence of Neanderthal features in post-
Neanderthal Europeans. In G. Brduer & F. H. Smith (Eds.),
Continuity or replacement: Controversies in Homo sapiens evolu-
tion (pp. 179-188). Rotterdam: A.A. Balkema.

Harvati, K. (2003). The Neanderthal taxonomic position: Models of
intra- and inter-specific craniofacial variation. Journal of Human
Evolution, 44, 107-132.

Harvati, K., Frost, S. R., & McNulty, P. (2004). Neanderthal taxonomy
reconsidered: Implication of 3D primate models of intra- and inter
specific differences. Proceedings of the National Academy of
Sciences of the United States of America, 101, 1147-1152.

Hawks, J. (2006). Selection on mitochondrial DNA and the Neanderthal
problem. In K. Harvati & T. Harrison (Eds.), Neanderthals revisited —
new approaches and perspectives (pp. 221-238). Dordrecht: Springer.

Heim, J. L. (1974). Les Hommes fossiles de la Ferrassie (Dordogne) et
le probleme de la définition des Néandertaliens classiques.
L’Anthropologie (Paris), 78, 81-112.

Heim, J. L. (1982). Les hommes fossiles de la Ferrassie (I1). Archive de
IInstitut de Paléontologie Humaine, 38, 1-272.

Hublin, J. J. (2000). Modern non-modern hominid interactions: A med-
iterranean perspective. In O. Bar-Yosef & D. Pilbeam (Eds.), The
geography of Neandertals and modern humans in Europe and the
greater Mediterranean (pp. 157-182). Haward: Peabody Museum
of Archaeology and Ethnology.

Hublin, J. J., Spoor, F., Braun, M., Zonneveld, F., & Condemi, S. (1996).
A late Neanderthal associated with upper Palaeolithic artefacts.
Nature, 381, 224-226.

Irwin, D. E., Bensch, S., & Price, T. D. (2001a). Speciation in a ring.
Nature, 409, 333-337.

Irwin, D. E., Irwin, J. H., & Price, T. D. (2001b). Ring species as bridges
between microevolution and speciation. Genetica, 112—113,223-243.

Irwin, D. E., Bensch, S., Irwin, J. H., & Price, T. D. (2005). Speciation
by distance in a ring species. Science, 307, 414—415.

Jankovi¢, 1., Karavanic, 1., Ahern, J. C. M., Brajkovi¢, D., Lenardié¢, J.
M., & Smith, F. H. (2006). Vindija cave and the modern human
peopling of Europe. Collegium Antropologicum, 30, 315-319.

Jit, 1., & Kaur, H. (1986). Rhomboid fossa in the clavicles of North
Indians. American Journal of Physical Anthropology, 70, 97-103.

Krings, M., Stone, A., Schmitz, R. W., Krainitzki, H., Stoneking, M., &
Padbo, S. (1997). Neandertal DNA sequences and the origin of
modern humans. Cell, 90, 19-30.

Larson, S. G. (1995). New characters for the functional interpretation of
primate scapulae and proximal humeri. American Journal of
Physical Anthropology, 98, 13-35.

Martin, R. (1928). Lehrbuch der anthropologie (2nd ed.). Jena: Verlag
von Gustav Fischer.

Mayr, E. (1974). Populations, Espéces et Evolution. Paris: Hermann.

Moncel, M. H., & Voisin, J. L. (2006). Les “industries de transition” et
le mode de spéciation des groupes néandertaliens en Europe entre
40-30 ka. Comptes Rendus Palevol, 5, 183—-192.

Nara, T. (1994). Etude de la variabilité de certains caracteres métriques
et morphologiques des néandertaliens. Ph.D. dissertation, Université
de Bordeaux I.

Odwak, H. (2006). Axillary border morphology in modern human and
Neanderthals. Periodicum Biologorum, 108, 353-364.

Olivier, G. (1951a). Technique de mesure des courbures de la clavicule.
Comptes Rendus de I’Association des Anatomistes. XXXIXe Réunion
(Nancy), 69, 753-764.

Olivier, G. (1951b). Anthropologie de la clavicule. Bulletins et Mémoires
de la Société d’Anthropologie de Paris 10eme série, 2, 67-99.

Olivier, G. (1954). Anthropologie de la clavicule. Bulletins et Mémoires
de la Société d’Anthropologie de Paris 10éme série, 5, 144—153.

Olivier, G. (1955). Anthropologie de la clavicule. Bulletins et Mémoires
de la Société d’Anthropologie de Paris 10éme série, 6, 282-302.

Olivier, G., Chabeuf, M., & Laluque, P. (1954). Anthropologie de la
clavicule. Bulletins et Mémoires de la Société d’Anthropologie de
Paris 10eéme série, 5, 35—46.

Patte, E. (1955). Les Néanderthaliens. Paris: Masson.

Rak, Y. (1993). Morphological variation in Homo neanderthalensis and
Homo sapiens in the Levant; a biogeographic model. In W. H.
Kimbel & L. B. Martin (Eds.), Species, species concepts, and pri-
mate evolution (pp. 523-536). New York: Plenum.

Rak, Y., Ginzburg, A., & Geffen, E. (2002). Does Homo Neandertalensis
play a role in modern human ancestery? The mandibular evidence.
American Journal of Physical Anthropology, 119, 199-204.

Ray, L. J. (1959). Metrical and non-metrical features of the clavicle of
the Australian Aboriginal. American Journal of Physical
Anthropology, 17, 217-226.

Relethford, J. H. (2001). Absence of regional affinities of Neandertal
DNA with living humans does not reject multiregional evolution.
American Journal of Physical Anthropology, 115, 95-98.

Relethford, J. H. (2003). Reflections of our past. Boulder: Westview.

Ridley, M. (2004). Evolution (3rd ed.). Oxford: Blackwell.

Schillaci, M. A., & Froehlich, J. W. (2001). Nonhuman primate hybrid-
ization and the taxonomic status of Neanderthals. American Journal
of Physical Anthropology, 115, 157-166.

Smith, F. H. (1976). The Neanderthal remains from Krapina, Northern
Yugoslavia: An inventory of the upper limb remains. Zeitschrift fiir
Morphologie und Anthropologie, 67, 275-290.

Smith, F. H. (1991). The Neandertals: Evolutionary dead ends or ances-
tors of modern people? Journal of Anthropological Research, 47,
219-238.

Smith, F. H., & Trinkaus, E. (1991). Les origines de ’homme moderne
en Europe centrale: un cas de continuité. In J. J. Hublin & A. M.



138

J.-L. Voisin

Tillier (Eds.), Aux origines d’Homo sapiens (pp. 251-290). Paris:
Presse Universitaire de France.

Smith, F. H., Falsetti, A. B., & Donnelly, S. M. (1989a). Modern human
origins. American Journal of Physical Anthropology, 32, 35-68.
Smith, F. H., Simek, J. F., & Harrill, M. S. (1989b). Geographic vari-
ation in supraorbital torus reduction during the later Pleistocene
(c. 80 000-15 000 BP). In P. Mellars & B. Stringer (Eds.), The
human  revolution (pp. 172-193). Edinburgh: Edinburgh

University Press.

Smith, F. H., Jankovic, 1., & Karavanic, 1. (2005). The assimilation
model, modern human origins in Europe, and the extinction of
Neanderthals. Quaternary International, 137, 7-19.

Stern, J. T., & Susman, R. L. (1983). The locomotor anatomy of
Australopithecus  afarensis. American Journal of Physical
Anthropology, 60, 279-317.

Stewart, T. D. (1962). Neanderthal scapulae with special attention to the
Shanidar Neanderthals from Iraq. Anthropos, 57, 779-800.

Stewart, T. D. (1964). The scapula of the first recognized Neanderthal
skeleton. Bonner Jahrbucher, 164, 1-14.

Stringer, C. B. (1998). Chronological and biogeographic perspectives
on later human evolution. In T. Akazawa, K. Aoki, & O. Bar-Yosef
(Eds.), Neandertals and modern humans in western Asia (pp.
29-37). New York: Plenum.

Stringer, C. B. (2002). Modern human origins: Progress and prospects.
Philosophical Transaction of the Royal Society, London, B
Biological Science, 357, 563-579.

Stringer, C. B., & McKie, R. (1996). African exodus — the origins of
modern humanity. London: Pimlico.

Thoma, A. (1965). La définition des Néanderthaliens et la position des
hommes fossiles de Palestine. L’Anthropologie (Paris), 69, 519-533.

Trinkaus, E. (1977). A functional interpretation of the axillary border
of the Neandertal scapula. Journal of Human Evolution, 6,
231-234.

Trinkaus, E. (1981). Neanderthal limb proportions. In C. B. Stringer
(Ed.), Aspect of human evolution (pp. 187-224). London: Taylors &
Francis.

Trinkaus, E. (1982). The Shanidar 3 Neandertal. American Journal of
Physical Anthropology, 57, 37-60.

Trinkaus, E. (1983). The Shanidar Neandertals. New York: Academic.

Trinkaus, E. (1991). Les hommes fossiles de la grotte de Shanidar, Irak:
évolution et continuité parmi les hommes archaiques tardifs du
Proche-Orient. L’Anthropologie (Paris), 95, 535-572.

Trinkaus, E. (2006). The Krapina scapulae. Periodicum Biologorum,
108, 341-351.

Trinkaus, E. (2008). Kiik-Koba 2 and Neandertal axillary border
ontogeny. Anthropological Science, 116, 231-236.

Trinkaus, E., Marks, A. E., Brugal, J. P, Bailey, S. E., Rink, W. J., &
Richter, D. (2003a). Later Middle Pleistocene human remains from
the Almonda Karstic system, Torres Novas, Portugal. Journal of
Human Evolution, 45, 219-226.

Trinkaus, E., Milota, S., Rodrigo, R., Mircea, G., & Moldovan, O.
(2003b). Early modern human cranial remains from the Pestera cu
Oase, Romania. Journal of Human Evolution, 45, 245-253.

Vallois, H. V. (1928). L’ omoplate humaine. Etude anatomique et anthro-
pologique. Bulletins et Mémoires de la Société d’Anthropologie de
Paris série 7, 9, 129-168.

Vallois, H. V. (1932). L’omoplate humaine. Etude anatomique et anthro-
pologique. Bulletins et Mémoires de la Société d’Anthropologie de
Paris série 8, 3, 3—-153.

Vallois, H. V. (1946). L’omoplate humaine. Etude anatomique et anthro-
pologique. Bulletins et Mémoires de la Société d’Anthropologie de
Paris série 9, 7, 16-99.

Vandermeersch, B. (1981). Les Hommes fossiles de Qafzeh (Israél).
Paris: Cahiers de Paléoanthropologie C.N.R.S édition.

Vandermeersch, B. (1991). La ceinture scapulaire et les membres
supérieurs. In O. Bar-Yosef & B. Vandermeersch (Eds.), Le squelette
Moustérien de Kebara 2 (pp. 157-178). Paris: CNRS édition.

Vandermeersch, B., & Trinkaus, E. (1995). The postcranial remains of
the Regourdou 1 Neandertal: The shoulder and arm remains. Journal
of Human Evolution, 28, 439-476.

Voisin, J. L. (2000). L’épaule des hominidés. Aspects architecturaux et
fonctionnels, références particulieres a la clavicule. Ph.D. disserta-
tion, Museum National d’Histoire Naturelle (Paris).

Voisin, J. L. (2001). Evolution de la morphologie claviculaire au sein du
genre Homo, conséquence architecturale et fonctionnelle sur la
ceinture scapulaire. L’Anthropologie (Paris), 105, 449-468.

Voisin, J. L. (2004). Clavicule: approche architecturale de 1’épaule et
réflexions sur le statut systématique des néandertaliens. Comptes
Rendus Palevol, 3, 133-142.

Voisin, J. L. (2006a). Krapina and other Neanderthal clavicles: A pecu-
liar morphology? Periodicum Biologorum, 108, 331-339.

Voisin, J. L. (2006b). The clavicle, a neglected bone; morphology and
relation to arm movements and shoulder architecture in Primates.
The Anatomical Record. Part A, 288A, 944-953.

Voisin, J. L. (2006c). Speciation by distance and temporal overlap: A
new approach to understanding Neanderthal evolution. In K. Harvati
& T. Harrison (Eds.), Neanderthals revisited: New approaches and
perspectives. Berlin: Springer, Kluwer.

Voisin, J. L. (2008). Omo I Kibish clavicle: Archaic or modern? Journal
of Human Evolution, 55, 438—443.

Wolpoff, M. H., Hawks, J., & Caspari, M. (2000). Multiregional, not
multiple origins. American Journal of Physical Anthropology, 112,
129-136.

Wolpoff, M., Hawks, J., Frayer, D., & Hunley, K. (2001). Modern
human ancestry at the peripheries: A test of the replacement theory.
Science, 291, 293-297.

Wolpoff, M., Mannheim, B., Mann, A., Hawks, J., Caspari, R.,
Rosenberg, K. R., Frayer, D. W., Gill, G. W., & Clark, G. (2004).
Why not the Neanderthals? World Archaeology, 36, 527-546.

Young, F. (2001). ViSat 6.4 on www.visualstats.org.


http://www.visualstats.org

	Chapter 11
A Preliminary Approach to the Neanderthal Speciation by Distance Hypothesis: A View from the Shoulder Complex
	Introduction
	Materials and Methods
	Materials
	Methods
	Study of the Clavicles
	Study of the Scapulas


	Results
	The Clavicle
	Curvatures in Cranial View
	Curvatures in Dorsal View
	The Length
	Costal Tuberosity and Subclavius Sulcus

	The Scapula
	The Glenoid Index
	The Scapula Neck Index
	Angle A
	The Axillary Border


	Discussion
	The Clavicle
	The Scapula

	Conclusion
	References


