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Spy cave — Spy I and Spy 11

CHAPTER XXVII

HAND BONES

Isabelle CREVECOEUR

Abstract

The Spy site has yielded 265 complete and fragmented human hand bones. Fourteen are found in the original collection
from the 1886-1887 excavations. The remainder have been identified during a revision of all faunal collections from the site.

The original collection inventory mentions nine metacarpals and four proximal phalanges. An additional metacarpal
from the original collection was not identified as such, but as a costal fragment. The Neandertal attribution of the thirteen

identified hand remains and their association with the two adult Neandertal skeletons had never been questioned. However, the
discovery of over 200 other hand bones (mature and immature), largely associated with a Neolithic burial present at Spy, brings
into question the homogeneity of the original collection and raises the possibility that Neandertal hand bones may be present
among the more recently discovered remains.

In this chapter, we present a comparative morphometric study of the Spy hand bones. They are compared to Neandertal
specimens, Middle and Upper Palaeolithic modern humans and Neolithic series by means of uni- and multivariate statistical
analyses. Our results demonstrate the taxonomic heterogeneity of the original collection; metacarpal Spy 25E possesses modern
morphological and biometric characteristics, and the immature metacarpal Spy 22B may be of Neolithic age. Additionally, we
were able to associate some hand bones of the original collection based on robustness, symmetry and secondary anatomical
connection criteria, resulting in seven of the ten metacarpals and three of the four proximal phalanges to be attributed to the
same individual, Spy II. Among the newly discovered bones, four proximal phalanges and five middle phalanges have been
clearly isolated according to their morphology and dimensions. They exhibit a clear Neandertal conformation and may be
associated with the Spy Il skeleton. Direct '*C dating of one of these middle phalanges (Spy 430a) confirms the results of the

comparative analysis.

INVENTORY OF THE HAND BONES

A total of 265 complete or fragmented
hand bones have been inventoried to date from
the Spy cave site. Among these, fourteen are
found in the original collection from 1886-1887
and thirteen of them were attributed to the
Neandertal specimens Spy I and II without dis-
tinction. In their first publication, Fraipont &
Lohest (1887) described only nine hand bones.
The other four were recognised later among a
group of undetermined hand and foot bone frag-
ments and were labeled during the unpublished
inventory made in 1935 at the Royal Belgian In-
stitute of Natural Sciences (RBINS). In the first
version of the Catalogue of Fossil Hominids,
Twiesselmann (1953) listed the full collection
and gave a precise attribution for most of the
hand bones to either the Spy I or the Spy II spe-
cimen. Finally, we identified one metacarpal
among the costal remain assemblage of the origin-

al collection and today, this collection contains ten
metacarpals and four proximal phalanges, as listed
in Table 1.

The 251 new hand bone remains were
discovered and identified during the 2004-2006
revision of all the faunal collections from the
various excavations at Spy. These faunal re-
mains had been stored in several Belgian institu-
tions (RBINS, Royal Museums of Art and His-
tory, Université de Liege and Musée Archéolo-
gique de Namur) and in private collections
gathered through former clandestine excavations
(like the Beaufays & Carpentier collections).
Supporting Table 1 (ST1) contains the inventory
of all the newly recognised mature and immature
hand bone remains.

The discovery of such a large amount of
new hand bones, associated mostly with the Neo-
lithic burial identified at Spy, raises the double
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Bone Side Preservation State Maturation | Inventory Notes
201 |MTCV L Distal extremity missing M 3 Inventoried as a costal fragment
21A |MTCII R Complete M 1
21B |MTC III R Distal extremity missing M 1
21C |MTCIV R Distal extremity missing M 1
21D |MTC I L Proximal half M 1
22A |MTCII L Fragment M 1 Refits with 251 and 25K
22B |MTC I R Complete I 2 Inventoried as a left MTC III
22C |MTC IV L Complete M 1
24A | PPIV R Complete M 1
24B |PPV R Complete M 1
24C |PPII L Complete M 1
25E | MTC Il L Distal extremity missing M 2
25H |PPI R Complete M 2
251 |MTCII L Proximal extremity M 1 Refits with 22A and 25K
25] |MTCI L Part of the proximal extremity M 2
25K |MTCII L Distal extremity M 1 Refits with 22A and 251

Table 1. Inventory of the fourteen hand bones from the original Spy collection (RBINS).
Inventories: 1 = Fraipont & Lohest, 1887; 2 = Catalogue of the RBINS from 1935; 3 = Newly identified hand bone.
MTC = Metacarpal; PP = Proximal phalanx; R = Right; L = Left; M = Mature; [ = Immature.

issue of the homogeneity of the original collec-
tion and the possible presence of Neandertal
hand bones among the new remains. Previous
studies of Neandertal specimens have emphas-
ised differences in the characteristics of the
carpus, the metacarpals and the phalanges of this
group compared to anatomically modern humans
(e.g. Boule, 1911; Suzuki & Takai, 1970; Mus-
grave, 1971, 1973; Trinkaus, 1983). Some of
these traits could represent autapomorphies in re-
lation to biomechanical advantages (Musgrave,
1971; Aiello & Dean, 1990; Churchill, 2001;
Niewoehner, 2001). Therefore, we compared all
the hand bone remains from Spy with samples
from Neandertals, Middle and Upper Palaeolithic
modern humans, Neolithic humans from the
Mosan Valley and extant humans. We performed
uni- and multivariate statistical analyses in order
to identify Neandertal morphometric character-
istics among the hand bones from Spy and to test
the homogeneity of the original collection.

MATERIALS AND METHODS

The Neandertal comparative sample
(NEAND) includes hand bone remains from

European and Asian specimens: Amud 1 (Suzuki
& Takai, 1970), Oliveira 1 (Trinkaus etal.,
2007), Kebara2 (Vandermeersch, 1991), Kiik-
Koba 1l (Vicek, 1975), Krapina (n=068), La
Chapelle-aux-Saints 1 (Boule, 1911), La Fer-
rassie 1 & 2 (Heim, 1982), Neandertal 1 (Smith
etal, 2006), Regourdoul, Saint-Césaire 1,
Shanidar 3 — 6 (Trinkaus, 1983), Tabun C1 (Mc-
Cown & Keith, 1939), and Vindija 300. The
measurements of the La Chapelle-aux-Saints,
Krapina, Saint-Césaire and Vindija hand bone re-
mains were taken on the original fossils. For
Regourdou 1, the acquisition of metrical data
was achieved with ArteCore on 3D reconstruc-
tion models (STL files) of the hand bones avail-
able in the NESPOS Database (2008).

The modern human comparative samples
include data from:

a. Middle Palaeolithic modern humans (MPMH)
from the Qafzeh and Skhul populations (Mc-
Cown & Keith, 1939; Vandermeersch, 1981);

b. Upper Palaeolithic human remains (UPMH)
from Abri Lafaye, Abri Pataud, Barma del Cavi-
glione, Cro-Magnon (data for the latter three
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Metacarpals
Rank Side LMAX | LART PH PB MH MB DH DB
25J MTC I L - - 18.04 16.12 - - - -
21A MTCII R 66.95 62.48 18.88 20.54 9.70 8.82 15.77 18.06
22A MTC III L 66.38 63.18 17.52 19.81 9.14 8.66 14.98 17.83
21B MTC 11 R - - 13.56 15.75 9.10 8.68 - -
21D MTC III L - - 15.49 16.11 8.94 8.60 - -
21C MTC IV R - - 14.04 13.40 8.02 7.58 - -
22C MTC IV L 55.94 55.18 13.45 12.33 7.45 7.21 13.03 15.28
20I(°) |MTCV L - - - 14.30 6.62 7.84 - -
749a (*) |[MTCI R 43.95 41.74 15.63 15.04 8.85 12.42 10.96 16.48
Proximal Phalanges

Rank | Side | LMAX | LART | PH | PAH | PB | PAB | MH | MB | DH | DB | DAB
25H |PPI R 28.66 25.75 12.79 11.19 | 17.74 | 14.86 | 7.62 10.36 | 8.54 | 13.68 | 13.38
426a |PPII R 36.05 33.80 13.00 10.36 | 17.00 | 13.15 | 6.68 11.30 | 8.38 13.45 | 12.29
24C |PPII L 37.00 35.00 12.80 10.30 | 1793 | 13.82 | 6.60 | 11.10 | 8.62 | 13.03 | 12.04
748a |PPIII L 41.95 39.60 13.48 11.40 | 17.65 | 13.80 | 6.95 11.50 | 8.89 14.77 | 12.90
747a |PPIV R - - - - - - 6.13 10.50 | 850 | 13.65 | 11.60
24A |PPIV L 40.29 39.65 12.52 10.52 | 15.66 | 12.86 | 7.09 10.34 | 7.83 13.10 | 11.31
766a |PPIV L 39.94 38.97 13.10 - 16.20 | 12.65 | 6.25 11.18 | 8.46 | 13.00 | 11.20
24B |PPV R 3291 31.58 11.68 9.83 15.75 | 11.97 | 545 10.00 | 7.48 11.90 | 10.74

Middle Phalanges

Rank | Side | LMAX | LART | PH | PAH | PB PAB | MH | MB | DH | DB | DAB
165k |MP II L - - 9.85 7.50 14.53 | 12.85 | 530 8.93 - - -
430a |MP III R 26.46 25.97 10.77 7.75 15.52 | 13.47 | 5.46 9.37 6.46 | 12.86 | 11.24
390a |MP III L 26.96 25.90 10.64 7.88 15.19 | 13.76 | 5.64 9.33 6.45 12.40 | 11.32
484a |MPIV R 26.27 25.24 9.51 7.54 14.16 | 12.71 5.05 8.77 5.51 11.78 11.04
222b |MPV R 19.88 19.08 8.08 6.19 11.49 | 10.45 | 4.93 7.68 4.47 9.36 8.77

(°) Shaft and proximal extremity deformed by a fracture.
(*) The Neandertal attribution of this specimen is uncertain.

Table 2. Measurements (in mm) of the Spy Neandertal metacarpals and phalanges (specimens from the original
collection and newly identified remains). Bones and side abbreviations are as in Table 1. MP = Middle phalanx;
LMAX = Maximal length; LART = Articular length; PH = Proximal height; PB = Proximal breadth; PAH = Proxim-
al articular height; PAB = Proximal articular breadth; MH = Midshaft height; MB = Midshaft breadth; DH = Distal
height; DB = Distal breadth; DAB = Distal articular breadth. Numbers in italics and underlined are estimated.

are from Trinkaus, pers. com.), Dolni VE&stonice
(Sladek ef al., 2000; Trinkaus et al., 2000),
Gruta do Caldeirdo (Trinkaus et al., 2001),
Mlade¢ (Trinkaus et al, 2006), and Nazlet

Khater (Crevecoeur, 2008);

c. Neolithic humans

of the

Mosan Valley

(NEOM) from Hastiere (Petite Caverne, Cav-
erne M and Trou Gargon), Maurenne (Caverne

de la Cave) and Furfooz (Trou du Frontal),
stored at the RBINS.

For some comparisons, a fifth group of
recent modern humans (RMH) was considered.
It consisted of data from a Gallo-Roman Necro-
polis in France (Baigl ef al., 1997). The identi-
fications and measurements of the Mosan Neo-
lithic and recent human hand bones were done by
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the author. The ranks of the proximal phalanges
(PP) were determined according to their respect-
ive lengths (PP III > PP IV > PP Il > PP V) (Sus-
man, 1976) and the morphology of their ex-
tremities (Landsmeer, 1955; Musgrave, 1971;
Case & Heilman, 2006). For statistical reasons,
the proximal phalanges of the third and fourth
ranks were combined in the comparative data-
base, as were the middle and distal phalanges of
the second to fifth ranks.

The measurements used are those defined
by Martin (Briuer, 1988) for the carpus and by
Musgrave (1970) for the metacarpals and
phalanges. The dimensions of all the Spy
Neandertal hand bone remains are listed in Table 2.

The morphometric characteristics of the
Spy hand bones were studied by means of uni-,
bi- and multivariate analyses. Adjusted Z-scores
(Maureille et al., 2001) were computed to com-

Figure 1. Dorsal view of the metacarpals inventoried in the original Spy collection. Inventory number is shown
below each specimen. The white lines separate bones that are proposed to be associated (see text).
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pare the dimensions of the Spy remains to the
means and standard deviations of the comparative
groups. This method is based on Student's t-test,
which takes into account the size of the comparat-
ive groups and maximises the variation range for
small sample sizes. Principal component analyses
(PCA) were performed with Statlab (STATlab,
1991). Each variable was first tested for normal-
ity. We used size-adjusted dimensions, computed
using the Darroch & Mosimann (1985) definition
of shape, in the multivariate analyses (see Jungers
et al. [1995] for the relevance of size adjustment).

RESULTS AND DISCUSSION
Carpal bones

All carpal bones from Spy come from
the new revision of the faunal remains. With
regard to absolute dimensions, they all fall
within the range of variation of the modern
human samples. There are few significant dif-
ferences in dimensions between the Neandertal
and modern human carpal bones (Villemeur,
1994). The most distinctive Neandertal mor-
phological characteristics are located on the
trapezium, the capitate and the hamate. The
tubercle of the trapezium and the hamulus on the
hamate are more developed than those of modern
humans. The proximo-distal length and the radio-
ulnar thickness of these processes are significantly
bigger (Musgrave, 1971; Villemeur, 1994). The
Neandertal trapezia exhibit a condyloid surface
for the carpo-metacarpal joint of the first meta-
carpal, whereas the articulation has a saddle
shape in modern humans (Oberlin et al., 1997).
Finally, the capitate-metacarpal articulation of
the Neandertals is characterised by a parasagittal
orientation of the surface of the second meta-
carpal (60°+ 10.8°, n=38; Niewoehner etal.,
1997), which may represent a biomechanical
advantage in bending (Churchill, 2001).

The nine capitate bones found in the
faunal collections all exhibit a distal orientation
of the capitate-second metacarpal facet similar
to that of contemporary samples. The angles
range from 32° to 44° (37.44° £4°, n=9). The
hamate bones from Spy have moderate hamuli
similar to the development observed among the
Mosan Neolithic samples. They all fall within
the lower part of the Neandertal range of vari-

ation for the width and height of the hamulus.
The same observation can be made for the
tubercle of the trapezium, which is poorly de-
veloped compared to that of Neandertal samples.
In addition, all of the trapezia possess a saddle-
shaped articular surface for the first metacarpal.

Therefore, the metrical and morphologic-
al comparative analyses show that none of the
newly recognised carpal bones from Spy exhibit
Neandertal features.

Metacarpals

The ten metacarpals of the original col-
lection are illustrated in Figures 1 and 2.

Spy 25J is the proximal extremity of a
left pollical metacarpal (MTC I). Although its
preservation state is very fragmentary, it shows
some metrical and morphological Neandertal
characteristics. The height of the proximal sur-
face (PH = 18.04 mm) falls well outside of the
Mosan Neolithic range of variation (12.66 +
1.32 mm, n = 114), whereas it is included in the
Neandertal range of variation (17.12 + 1.32 mm,
n=29). Moreover, its proximal articular surface
does not exhibit the saddle shape of modern hu-
mans. In lateral view, the trapezium facet is
nearly flat rather than concave. This morpho-
logy is common among Neandertal specimens,
whose proximal surfaces vary from slightly
concave to convex, forming a condyloid articu-

Figure 2. Dorsal and palmar views of the left fifth
metacarpal Spy 201 previously inventoried as a costal
fragment in the original collection.
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lation in the latter case (Musgrave, 1971; Vicek,
1975; Oberlin et al., 1997).

The two second metacarpals (MTC IIs)
present in the original collection (21A and 22A)
are symmetrical. Their dimensions are very simil-
ar, as is the morphology of their articular surfaces
and midshafts. They are characterised by wide
distal and proximal extremities and by a sharp
crista dorsalis running up the proximal quarter of
the shaft in posterior view. This crest is not un-
common among modern humans, but it is usually
not as sharply defined as it is in Neandertal speci-
mens (Musgrave, 1971; Trinkaus, 1983). The
width of the extremities also reflects a Neandertal
conformation. Figure 3 illustrates the adjusted Z-
scores of the dimensions of the Spy MTC IIs in
relation to both the Neandertal and Mosan Neo-
lithic ranges of variation. Spy 22A and Spy 21A
possess a similar profile for each measurement.
They align with the Neandertal range of variation
for all measurements, while they fall outside of
the 95 % confidence limit of the Mosan Neolithic
group for the breadth of the head. Spy 22A falls at
the upper limit of the NEOM sample for the
breadth of the proximal end and for the height of
the distal extremity. These results suggest that
both MTC IIs are Neandertal specimens and that

they belong to the same individual.

There are three metacarpals from the third
rank (MTCII) in the original collection
(Spy 21B, Spy 21D and Spy 25E). They exhibit
different particularities regarding their morpho-
logy and dimensions. Previous studies of fossil
MTC lIs have identified specific features that
distinguish Neandertal specimens from those of
modern humans (e.g. Suzuki & Takai, 1970;
Villemeur, 1994; Niewoehner et al., 1997). The
proximal extremity of the Neandertal third meta-
carpal is characterised by reduced development of
the styloid process and its more lateral projection
with regard to the longitudinal axis of the bone
(Villemeur, 1994; Niewoehner, 2001). In addition,
the articular facet of the capitate is oriented more
proximally compared to the modern human mor-
phology (Villemeur, ibid.). The three MTC Ills
of Spy show different patterns. Both Spy 21B
and Spy 21D have strong proximal extremities
with a reduced styloid process projected medially,
but Spy 25E exhibits a modern human morpho-
logy with a marked styloid process in a parasagit-
tal orientation (Figure 4).

Cross-sections of the bones at the levels
of the midshaft and proximal extremity, obtained

2
T e e A oS e
0
o = -
Q
O
5 2 -
N
- 0
g
[2]
>
2 \z/ = 21Avs NEAND
< =l 22Avs NEAND
iy 21Avs NEOM
B O 22Avs NEOM
—  Mean of variation
Upper Limit (95 %)
Lower Limit (95 %)
2 T T T T T T
LMAX LART PH PB DH DB MH MB

MTC Il measurements

Figure 3. Adjusted Z-scores of the second metacarpal dimensions of Spy 21A and Spy 22A compared to both the
Neandertal (NEAND) and Mosan Neolithic (NEOM) ranges of variation. Zero represents the mean and +1/-1
represent the upper and lower 95 % limits of variation, respectively. Variable abbreviations are as in Table 2.
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Figure 4. Morphological (above, dorsal and proximal
view) and cross-sectional (below) comparison of the
three third metacarpals from the original Spy collec-
tion. White lines indicate the levels of the cross-sec-

tions represented below.

via medical CT scanner (SOMATON Sensation
64), also indicate the similarity between
Spy 21B and Spy 21D compared to Spy 25E.
However, despite their similarities with
Neandertal MTC IlIs, Spy 21B and Spy 21D
probably do not belong to the same individual.
Their dimensions and the morphology of their
proximal articular surfaces (Figure 4) are not
symmetrical. Furthermore, there is no suitable
secondary connection between Spy 21B and the
second metacarpal Spy 21A, whereas Spy 21D

and Spy 22A fit together. These two MTC Ills
from the original collection probably represent
two different Neandertal individuals.

The proximal dimensions of Spy 25E
confirm the modern human nature of this bone,
which falls within the Mosan Neolithic range of
variation shown in Figure 5. The bivariate plot
illustrates a difference in allometry of the
MTC III proximal end dimensions between the
Neandertal group and all the Pleistocene and re-
cent modern human samples. Neandertals pos-
sess a proportionally greater proximal breadth
(PB) relative to the proximal height (PH) than
modern humans. In Figure 5, only Tabun Cl
shows the proximal proportions of modern hu-
mans. This position may be explained by the
temporal distance between this earlier specimen
and later Neandertals, suggesting that some
Neandertal derived characteristics were not
totally fixed.

The two metacarpals of the fourth rank
(MTC 1V), Spy 21C and Spy 22C, are symmet-
rical. Neandertal MTC IVs are characterised by
wide extremities, especially the distal ones. The
most complete fourth metacarpal (Spy 22C) pos-
sesses a secondary anatomical connection with
the Spy 21D third metacarpal and falls outside of
the Mosan Neolithic range of variation for the
breadth of the head (DB: Spy 22C = 15.28 mm;
NEOM = 12.54 + 1.03 mm, n =91). The dimen-
sions of the proximal extremity are also in the
upper part of the Neolithic range of variation, as
is the case for the other (less complete) MTC IV
from Spy (Spy 21C). Unfortunately, the most
distinguishing part (the distal extremity) is
broken in this latter metacarpal. Morphologic-
ally, Neandertal MTC IVs show some particular-
ities, notably in the orientation of the proximal
end (Bon¢-Osmolovskij, 1941). The base is situ-
ated within the longitudinal axis of the bone,
whereas among modern humans, the proximal
extremity is projected laterally. Spy 21C and
Spy 22C show the Neandertal disposition.

The last metacarpal identified in the ori-
ginal collection is an immature MTC of the
second rank, Spy 22B. It was described as an
incomplete third metacarpal in the 1935 cata-
logue. However, the morphology of its distal
end is clearly immature (unfused), and the prox-
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Figure 5. Bivariate plot of the proximal breadth versus the proximal height of the third metacarpals from Spy and
the comparative group samples. NEAND = Neandertals; MPMH = Middle Palacolithic Modern Humans; UPMH =
Upper Palaeolithic Modern Humans; NEOM = Mosan Neolithic humans.

imal extremity belongs to an MTC II. Further-
more, we recognised among the faunal remains
an immature MTC III (Spy 3981) of the same
side and maturation state that fits perfectly with
the articular surface of Spy 22B. The dating of
this unvarnished bone provided a Neolithic age
for this immature MTC III and therefore, by
association, for Spy22B (Semal etal,
volume 1: chapter XVI). This result confirms
our hypothesis that the original ‘“Neandertal”
hand bone collection was heterogeneous.

Finally, one additional metacarpal is
present in the original collection but had not
been identified yet. Spy 201 is a left metacarpal
from the fifth rank whose proximal extremity is
damaged and whose distal extremity is broken
off (Figure 2). This bone was identified as a
costal fragment in the 1935 catalogue. This error
could be related to the presence of a healed frac-
ture at the level of the proximal half of the bone.
The diaphysis is deformed and crushed from the
middle of the medial face to the tip of the lateral
part of the proximal extremity. A bony crest of
8 mm is present distal to mid-diaphysis on the

Figure 6. Right first metacarpal Spy 749a in dorsal
(D), palmar (P), medial (M) and lateral (L) views.
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postero-lateral side of the diaphysis. The mor-
phology of the diaphysis, which is similar to that
of the other Neandertal metacarpals from Spy,
and the consistency of the secondary anatomical
connection of the medial articular surface of Spy
201 with the Spy 22C fourth metacarpal support
the attribution of this bone to one of the adult
Neandertals.

Among the forty-eight newly discovered
metacarpal remains, only one is of ambiguous
taxonomic status: the right first metacarpal
Spy 749a (Figure 6; SF1). The other meta-
carpals display modern morphologies, and their
dimensions fall within the range of variation of
the Mosan Neolithic sample. However, attribu-
tion to the Neolithic burial cannot be stated with
certainty when dealing with very fragmentary
pieces.

The first metacarpal Spy 749a comes from
the private collection of M. Beaufays, which has
also yielded two new Neandertal phalanges (see
below). It is quite complete with the exception of
the palmar side of the distal end. The measure-
ments of this MTC I are within the lower part of

the Neandertal range of variation, except for its
distal height. On the other hand, the proximal
height of Spy 749a falls outside of the upper limit
of the Mosan Neolithic sample range. However,
regarding this latter value, Spy 749a is still close to
the NEOM range of variation, whereas Spy 25J is
totally outside of it (Figure 7).

Focusing on the morphology of
Spy 749a, there is a small flange on the distal
half of the lateral side of the shaft at the level of
the insertion of the M. opponens pollicis.
Neandertal MTC I bones show a well-developed
lateral crest at that same level of the shaft, form-
ing a distinct spatula in some specimens, such as
Kiik-Koba 1 (VI¢ek, 1975; Oberlin et al.,
1997). The expression of this crest is variable
among Neandertals. This characteristic has
also been observed on modern human first
metacarpals (Kimura, 1976), but the radial
breadth is significantly higher (Maki &
Trinkaus, 2011) in Neandertals. Spy 749a
exhibits a radial projection of the M. opponens
pollicis insertion of 7.49 mm, which aligns
with the Neandertal variation (Radial breadth =
7.8 £ 0.9 mm, n = 10; Maki & Trinkaus, 2011).

749a vs NEAND
25J vs NEAND
749a vs NEOM

25J vs NEOM

| &% & ¢

Mean of variation

Upper Limit (95 %)

Lower Limit (95 %)

Adjusted Z-Score

-2 T T T
LMAX LART PH PB

DH DB MH MB

MTC | measurements

Figure 7. Adjusted Z-scores of the first metacarpal dimensions of Spy 749a and Spy 25J compared to both the
Neandertal NEAND) and Mosan Neolithic (NEOM) ranges of variation. Zero represents the mean and +1/-1
represent the upper and lower 95 % limits of variation, respectively. Variable abbreviations are as in Table 2.
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The proximal articular surface of
Spy 749a shows a saddle shape common among
anatomically modern humans, which differs
from the morphology of Spy 25J. Therefore,
even if some metrical and morphological fea-
tures point to Neandertal characteristics, it is
difficult to ascertain the taxonomic affinities of
Spy 749a. Furthermore, multivariate analyses
on size-adjusted variables do not solve the prob-
lem, since the other new MTC I bones from
Spy, whose morphological features are clearly
modern, lie close to the Neandertal group, as
does Spy 749a.

Proximal phalanges

Neandertal proximal phalanges are char-
acterised by a relatively short diaphysis with
wide maximal and articular distal and proximal
extremities (Bon¢-Osmolovskij, 1941; Mus-
grave, 1971, 1973; Villemeur, 1994). The lateral
tubercle of the proximal end of the second prox-
imal phalanx is very pronounced, and its expan-

sion may double the diameter of the base (Mus-
grave, 1971). Given these remarkable character-
istics, there is little doubt about the Neandertal
affinities of the four proximal phalanges in the
original collection (Spy 25H, 24C, 24B and
24A; Figure 8). Additionally, the revision of the
Spy collections has yielded four Neandertal spe-
cimens among the seventy-three new proximal
phalanges identified (Spy 426a, 748a, 766a and
747a; Figure 8).

Spy 25H is a right proximal phalanx of
the pollex (PP I). Compared to the recent and
Neolithic samples, this phalanx is short and pos-
sesses wide extremities. Its distal articular
breadth (DAB = 13.38 mm) lies outside the
NEOM range of variation (10.88 + 0.91 mm,
n=71). We performed a PCA analysis on six
size-adjusted dimensions (LART, PH, PB, MH,
DH, DB, DAB). The first three principal com-
ponents account for 72.65 % of the total vari-
ance. The clustering of the samples is best illus-
trated by the first and third axes (PC1 and PC3)

Figure 8. Dorsal view of all Neandertal proximal phalanges identified at Spy. Inventory number is shown below
each specimen. The white line separates bones proposed to be associated (see text).

10
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Figure 9. Bivariate plot of the first and third principal components of the PCA analysis on size-adjusted measurements
of the first proximal phalanges. Variables used: LART, PH, PB, MH, DH, DB & DAB. Variable abbreviations are as
in Table 2, and comparative group denominations are as in Figure 5. RMH = Recent modern humans.

in Figure 9. Neandertal specimens and Spy 25H
are isolated from the recent and past modern hu-
man samples in the lower right quadrant. This
position is due to the combination in Neandertal
PPIs of a small articular length (LART) and
distal height (DH) in relation to a wide distal ar-
ticular breadth (DAB). This result confirms the
Neandertal characteristics described above and
attests to the Neandertal affinities of Spy 25H
compared to the other PP Is found at Spy.

Spy 24C, a second proximal phalanx
(PP II), possesses the Neandertal morphometrical
traits described by Musgrave (1971). The prox-
imal extremity is wide, with a well-developed and
laterally projected tubercle. The distal end has
large articular and maximal breadths. The char-
acteristics that distinguish Neandertal PP IIs from
those of modern humans are illustrated by the ad-
justed Z-scores in Figure 10.

The dimensions of Spy 24C, Spy 426a and
Spy 264a are compared to the range of variation of
the Mosan Neolithic sample. The latter two speci-
mens are newly recognised human PP IIs from the
faunal collections. Spy 426a presents the same
morphometrical characteristics as Spy 24C. Al-
though the proximal tubercle is broken, the di-
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mensions of the proximal and distal articular fa-
cets are similar to those of Spy 24C. This is also
true for the morphology of its shaft, which shows
visible radial torsion. The adjusted Z-scores of
these two phalanges (Spy 24C and Spy 426a) con-
firm their similarity. Moreover, their positions on
the diagram (Figure 10) correspond to the
Neandertal pattern, with a proportionally small
length in relation to the breadth and height of the
entire phalanx. They also show the flattening of
the shaft with relatively small medial height (MH)
in relation to the other dimensions. These differ-
ences with modern human morphology are all the
more evident when compared to the curve of Spy
264a, which represents a robust Neolithic PP II.

In addition to the metrical traits, there are
some differences between Neandertal and modern
human PP IIs in the morphology of their distal
ends, which are demonstrated by Spy 24C and
Spy 426a. These characteristics are present in
all proximal phalanges from rank II to V. As il-
lustrated in SF2, Neandertal distal extremities
have a trapezoidal shape rather than a rectangu-
lar one. The articular surface is hardly visible on
the dorsal surface of the bone, whereas in modern
human proximal phalanges the articular facet
overflows between the two sides of the trochlea
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Figure 10. Adjusted Z-scores of the second proximal phalanges Spy 24C, Spy 426a and Spy 264a compared to the
Mosan Neolithic range of variation. Zero represents the mean and +1/-1 represent the upper and lower 95 % limits
of variation, respectively. Variable abbreviations are as in Table 2.

Adjusted Z-Score
o

== 748avs NEOM
W 24Avs NEOM

A 747avs NEOM
X- 766a vs NEOM

Mean of variation
Upper Limit (95 %)
7 Lower Limit (95 %)

T
LMAX LART PH PAH PB PAB MH MB DH DB DAB

PP Il - IV measurements

Figure 11. Adjusted Z-scores of the third and fourth proximal phalanges Spy 24A, Spy 747a, Spy 748a and
Spy 766a compared to the Mosan Neolithic range of variation. Zero represents the mean and +1/-1 represent the up-
per and lower 95 % limits of variation, respectively. Variable abbreviations are as in Table 2.

onto the dorsal side and shows a concave out- The metrical differences between Nean-
line. In addition, the development of the trochlea dertals and modern humans for the third and
is more pronounced among modern humans. fourth proximal phalanges are less obvious.
Neandertals have a more flattened and smooth There is one proximal phalanx attributed to the
distal articular surface. fourth rank in the original collection, Spy 24A.

12
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Its dimensions lie within the Neandertal and
Neolithic ranges of variation. However, its pat-
tern of small length compared to distal breadth
and the palmo-dorsal flattening of the distal ex-
tremity correspond to Neandertal characteristics
(Figure 11).  Furthermore, the distal end of
Spy 24A exhibits the same morphological fea-
tures shown by the distal extremities of Neander-
tal proximal phalanges (¢f- SF2). Therefore, even
if uni- and multivariate analyses cannot distin-
guish clearly between Neandertal and modern
human PP III-1Vs, it is likely that this PP IV be-
longs to a Neandertal individual.

Three other proximal phalanges from the
third and fourth ranks, which present Neandertal
metrical and morphological features, have been
identified in the faunal remains: Spy 748a
(PP III), Spy747a (PPIV) and Spy 766a
(PP IV). Their overall dimensions, illustrated in
the adjusted Z-score diagram of Figure 11, show
a clear Neandertal pattern with a proportionally
small length, palmo-dorsal flattening of the mid-
shaft and of the distal end, and wide maximal

and articular distal breadths. For Spy 748a, the
latter two dimensions fall outside the Neolithic
range of variation. The morphology of the distal
end is also consistent with the Neandertal con-
formation. In addition, Spy 747a and Spy 766a
are most likely symmetrical, which implies that
Spy 24 A belongs to a more gracile Neandertal in-
dividual.

The last proximal phalanx from the ori-
ginal collection is Spy 24B (PP V). It exhibits a
clear ulnar deviation of the distal extremity, which
is a distinctive feature of phalanges from the
fifth rank. As with the previously discussed Spy
Neandertal phalanges, Spy 24B is small with
wide extremities and a flattened midshaft. The
maximal and articular breadths of the distal ex-
tremity (DB = 11.9 mm; DAB = 10.74 mm) fall
beyond the upper limit of the Mosan Neolithic
range of variation (9.48 £ 0.72 mm, n =74 and
8.57 £ 0.75 mm, n = 73, respectively). No other
fifth proximal phalanx with Neandertal character-
istics has been identified in the newly recognised
human remains from Spy.

Figure 12. Dorsal, proximal, distal and palmar views (from top to bottom) of all newly identified Neandertal
middle phalanges. Inventory number is shown above each specimen.

13
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Middle and distal phalanges

No middle or distal phalanges were in-
ventoried in the original collection. The revision
of the faunal collections has revealed the presence
of sixty-two complete and fragmented middle
phalanges (MP) and thirty distal ones (DP). Few
descriptions of Neandertal middle phalanges have
closely investigated their characteristics. They are
said to be short with wide heads and bases (Bong¢-
Osmolovskij, 1941; Musgrave, 1971; Heim,
1982). Given these criteria, five new Neandertal
MPs have been identified among the sixty-two
MPs found in the faunal remains (Spy 165k, 222b,
390a, 430a and 484a; Figure 12).

Compared to the Mosan Neolithic
sample, these phalanges are relatively short with
wide extremities, which give them a rectangular
shape rather than the trapezoidal shape exhibited
by modern human middle phalanges (SF3).
Among the different measurements, the distal
articular breadth is the most discriminatory, as
illustrated in Figure 13.

The middle phalanges of the second to
fourth ranks are pooled together for each com-
parative sample because there is an important
metrical overlap between these digits, making it
hard to identify isolated phalanges. Spy 390a,
430a and 484a clearly fall within the Neandertal
range of variation and outside of all the modern
human comparative groups for the distal articu-
lar breadth. Spy 165k has a broken distal end,
but the dimensions and morphology of its prox-
imal extremity and midshaft are similar to those
of the other three. In addition, the morpholo-
gical and metrical proximity of these four
Neandertal MP II-IVs suggests that they belong
to the same individual and allows us to determ-
ine their ranks. Spy 390a and Spy 430a are sym-
metrical and attributed to the third rank.
Spy 165k possesses a wider proximal extremity
and a wider shaft than Spy 484a, which suggests
that Spy 165k belongs to the second rank
whereas Spy 484a belongs to the fourth rank.
Direct '“C dating has been achieved on
Spy 430a, which confirms its ancient age
(33,940 +220, -210 BP; GrA-32630), although

WN =

Distal Articular Breadth (DAB)

1 Spy 390a
2 Spy 430a

3 Spy 484a

NEAND MPMH

UPMH

NEOM

RMH

Figure 13. Box and whisker plots of the distal articular breadth (DAB) of the second to fourth middle phalanges
for Spy 390a, Spy 430a and Spy 484a and the comparative samples. Box plots display the median,
25%.75% and 5M-95" percentiles. Comparative group denominations are as in Figures 5 and 8.
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Figure 14. Bivariate plot of the first two principal components of the PCA analysis on size-adjusted measurements
of the fifth middle phalanges. Variables used: LART, PH, PAH, PB, PAB, MH, MD, DH, DB & DAB.
Comparative group denominations are as in Figure 5.

it appears to have undergone some contamina-
tion (Semal et al., volume 1: chapter XVI). The
last MP, Spy 222b, shows an ulnar deviation typ-
ical of the fifth digit. Univariate analyses give less
clear results regarding the differences between
Neandertal and modern human MP Vs. However,
when multivariate analysis is performed on ten
size-adjusted measurements, Spy 222b is included
in the Neandertal group (Figure 14).

Neandertal distal phalanges have been
more widely investigated, since they present clear
differences regarding the shape and dimensions of
their distal ends (Musgrave, 1973; Trinkaus,
1983). Furthermore, the Neandertal pollical distal
phalanx is longer than that of modern humans and
possesses a very broad distal end. It is also charac-
terised by a strong ulnar deflection of the shaft in
relation to the proximal extremity (Musgrave,

Bone Side Preservation State Maturation | Collection Notes
414d Proximal extremity RBINS Refits with 426a
426a PRl R Distal half M RBINS Refits with 414d
747a PP III R Proximal extremity missing M Beaufays
748a PPIV R Complete M Beaufays
766a PPV L Sub-complete M Carpentier
165k MP 11 - Distal extremity missing M RBINS
390a MP III L Complete M RBINS Symmetric to 430a
430a MP III R Complete M RBINS Symmetric to 390a
484a MP IV - Complete M RBINS
222b MP V R Complete M RBINS

Table 3. Inventory of the nine Neandertal hand phalanges newly identified among the faunal remains
from Spy. Abbreviations are as in Tables 1 and 2.
For further information on the Beaufays & Carpentier collections, see Semal ef al., volume 1: chapter II.

15




I. CREVECOEUR

1971; Trinkaus, 1983; Smith, 2000). However,
despite these visible particularities, no Neandertal
distal phalanges were identified among the thirty
newly recognised distal phalanges from Spy.

CONCLUSIONS

The reassessment of the Spy hand bones
provides new insight into their supposed associ-
ation with the two Neandertal adults as well as
into the composition of the original human col-
lection. Table 3 lists all the newly recognised
hand bones for which there is conclusive evi-
dence for a Neandertal taxonomic attribution (see
also SF1). This brings the number of Neandertal
hand bones discovered at Spy up to twenty-two,
with at least two individuals represented.

The preservation state of the Spy
Neandertal hand bones and their morphometrical
study allow us to propose individual associations
for these bones. Several observations suggest that
the most complete infra-cranial skeleton belongs
to a robust Neandertal specimen, probably Spy II
(Rougier et al., this volume: chapter XIX). The
results of our study are consistent with this hypo-
thesis; among the twenty-two metacarpals and
phalanges identified, nineteen may be associated
with the same individual given their similar ro-
bustness. The association criteria are based on
morphological features (i.e. symmetrical bones)

Spy |

and on secondary anatomical connections (inter-
metacarpal, metacarpo-phalangeal and in-
ter-phalangeal connections). Finally, the follow-
ing association scheme (Figure 15) can be pro-
posed for both Neandertal individuals.

In Figure 15, question marks suggest
some doubts regarding the first metacarpals
Spy 25J and Spy 749a, as well as the first pollical
phalanx Spy 25H. The morphology of Spy 25H is
similar to that of the proximal phalanges belong-
ing to the most complete individual; however, the
lack of a secondary connection leaves uncertain-
ties about the individual association. The same
question arises for the two MTC Is, but Spy 25J is
clearly a Neandertal bone. If we consider
Spy 749a to be a Neandertal MTC I, then there is
no doubt about the attribution of Spy 25J to Spy 11
since it is more robust than, and not symmetrical
to, Spy 749a. On the other hand, if Spy 749a is a
modern MTC I, then the attribution of Spy 25J to
either Neandertal individual is possible.

Through our reassessment of the Spy
hand bones, we have also confirmed the presence
of Neandertal autapomorphies in these anatomic-
al parts. Previously described Neandertal hand
bone characteristics (e.g. Musgrave, 1971;
Trinkaus, 1983) were found among the
metacarpal and phalangeal remains attributed to
the Spy Neandertal adults, and allow relevant
discrimination between modern human and Ne-

Spy Il

24A

749a)

Figure 15. Proposed conservation scheme of the hand bones for both Spy Neandertal individuals.
# = symmetrical bone preserved; * = secondary anatomical connection; ? = uncertainty about the attribution.
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andertal specimens. These discriminative fea-
tures are mostly related to differences in con-
formation that are independent of size. Regarding
the Neandertal metacarpals from Spy, the morpho-
logy, orientation and shape of the articular sur-
faces of the proximal ends, in addition to differ-
ences in the width of their distal extremities, dis-
tinguish Neandertal remains from modern human
ones. The proximal phalanges show a peculiar
pattern of small length, wide extremities and flat-
tening of their shafts and distal ends (Figures 10
and 11). Moreover, the overall morphology of
their distal extremities is very discriminatory (cf.
SF2). Finally, the Neandertal middle phalanges
are small, with strong proximal articular breadths,
very wide distal extremities and proportionally
flattened and narrow shafts compared to modern
human MPs. All of these features give Neandertal
middle phalanges a peculiar conformation (SF3).
In addition, distal articular breadth appears to be a
relevant variable to distinguish between Neander-
tal and modern human MPs. Further studies are
now needed to determine whether the Neandertal
derived features that concern the conformation of
the proximal and middle phalanges are related to
biomechanical or environmental adaptations.

The newly discovered Spy hand bones
(SF1), their number and their association with the
Neandertal individuals raise the question of the in-
tentional nature of the deposit. Hand bone articu-
lations are among the most labile (Duday ef al.,
1990), and their persistence at the time of discov-
ery suggests that the deposition of at least the
skeleton described as “lying on the right side,
with one hand against the mandible” (De Puydt
& Lohest, 1887) might be primary and intentional.
Unfortunately, no precise drawing of the spatial
organisation of the hand bones was made in the
field. De Puydt & Lohest (1887) stated that

17

both individuals were quite incomplete. However,
as underlined by Rougier efal. (this volume:
chapter XIX), bones from different anatomical
parts are represented for each individual.

There are thus good indications that both
skeletons in Spy cave may actually have been
(sub-)complete, as suggested by Hrdlicka (1930),
and that the observation made by De Puydt &
Lohest was a consequence of their excavation
techniques. This is also supported by the first
results from the reassessment of the Spy collec-
tions (Rougier et al., 2004) and by the discovery
of so many new Neandertal hand bones. Al-
though the primary and/or intentional character
of the deposit at Spy may never be proven, the
consistency of the identified hand bones gives
credibility to the description given by M. Lohest
for the position of the most complete skeleton.

ACKNOWLEDGEMENTS

This research has been supported by the
Royal Belgian Institute of Natural Sciences and
the TNT project (“The Neanderthal Tools™), 6th
Framework of the European Community. I am
thankful to the following scientists for access to
fossils: J. Radov¢i¢ (Croatian Natural History
Museum), B. Vandermeersch, J.-J. Hublin (Max
Planck Institute for Evolutionary Anthropology),
Philippe Mennecier (Muséum national d'Histoire
naturelle), Alain Froment (Muséum national
d'Histoire naturelle) and P. Courtaud (Université
de Bordeaux). My gratitude goes to E. Trinkaus
who kindly provided his metrical data on fossil
hand bones. I am thankful to the technical part-
ner (ART+COM AQG) of the TNT project for the
collaborative development of the ArteCore soft-
ware (Version: 1.0-rc3).



I. CREVECOEUR

BIBLIOGRAPHY

AIELLO L. & DEAN C., 1990. An introduction to
human evolutionary anatomy. New York, Aca-
demic Press: 569 p.

BAIGL J.-P., FARAGOSZEKERES B. & ROGER J.,
1997. La nécropole de la Rue Jacques Brel 17-
415-113 AH, Saintes, Charente-Maritime. DFS de
sauvetage urgent 1996, deuxieme campagne. Poi-
tiers, SRA Poitou-Charentes.

BONC-OSMOLOVSKIJ G., 1941. L'Homme fossile
de la grotte de Kiik-Koba (Crimée): La main.
Paleolit Kryma, 2: 155-164.

BOULE M, 1911. L'homme fossile de La Chapelle-
aux-Saints. Annales de Paléontologie, 6: 111-172.

BRAUER G., 1988. Osteometrie. In: R. KNUSS-
MANN (ed.), Anthropologie: Handbuch der
vergleichenden Biologie des Menschen, 1. Stut-
tgart, Gustav Fischer: 160-232.

CASE D. & HEILMAN 1J., 2006. New siding tech-
niques for the manual phalanges: a blind test. In-
ternational Journal of Osteoarchaeology, 16 (4):
338-346.

CHURCHILL S. E., 2001. Hand morphology, manip-
ulation, and tool use in Neandertals and early
modern humans of the Near East. Proceedings of
the National Academy of Sciences USA, 98 (6):
2953-2955.

CREVECOEUR 1., 2008. Etude anthropologique du
squelette du Paléolithique supérieur de Nazlet
Khater 2 (Egypte). Apport a la compréhension de
la variabilité passée des hommes modernes.
Egyptian Prehistory Monographs, 8. Leuven Uni-
versity Press: 318 p.

DARROCH J. N. & MOSIMANN 1J. E., 1985. Ca-
nonical and principal components of shape. Bio-
metrika, 72 (2): 241-252.

DE PUYDT M. & LOHEST M., 1887. L’homme
contemporain du Mammouth a Spy (Namur).
Annales de la Féderation archéologique et histo-
rique de Belgique, Compte rendu des travaux du
Congres tenu a Namur les 17-19 aoiit 1886, 2:
207-240, 10 pl. h.t.

DUDAY H., COURTAUD P, CRUBEZY E,
SELLIER P. & TILLIER A.-M., 1990. L'anthro-
pologie “de terrain’: reconnaissance et interpréta-
tion des gestes funéraires. Bulletins et Mémoires

18

de la Société d'Anthropologie de Paris, 2: 29-50.

FRAIPONT J. & LOHEST M., 1887. La race
humaine de Néanderthal ou de Canstadt en Bel-
gique. Recherches ethnologiques sur des osse-
ments humains, découverts dans des dépots qua-
ternaires d'une grotte a Spy et détermination de
leur age géologique.  Archives de Biologie,
7/1886: 587-757.

HEIM J.-L., 1982. Les hommes fossiles de la Ferras-
sie. Il. Les squelettes adultes (squelette des
membres). Archives de I'Institut de paléontologie
humaine, 38: 272 p.

HRDLICKA A., 1930. The skeletal remains of early
man. Smithsonian Miscellaneous Collections, 83:
379 p.

JUNGERS W. L., FALSETTI A. B. & WALL C. E,,
1995. Shape, Relative Size, and Size-adjustments
in Morphometrics. Yearbook of Physical Anthro-
pology, 38: 137-161.

KIMURA T., 1976. Correction to the metacarpal I of
the Amud Man: A new description especially on
the insertion area of the M. Opponens Pollicis.
Journal of the Anthropological Society of Nippon,
84: 48-54.

LANDSMEER J. M. F., 1955. Anatomical and func-
tional investigations of the articulations of the hu-
man fingers. Acta Anatomica, 25 (24): 1-69.

MAKI J. & TRINKAUS E., 2011. Opponens Pollicis
Mechanical Effectiveness in Neandertals and
Early Modern Humans. PaleoAnthropology, 2011:
62-71.

MAUREILLE B., ROUGIER H., HOUET F. & VAN-
DERMEERSCH B, 2001. Les dents inférieures du
Néandertalien Regourdou 1 (site de Regourdou,
commune de Montignac, Dordogne): Analyses
meétriques et comparatives. Paléo, 13: 183-200.

McCOWN T. D. & KEITH A., 1939. The Stone Age
of Mount Carmel, Vol 2: The fossil human remains
from the Levalloiso-Mousterian. Oxford, Claren-
don Press: 165 p.

MUSGRAVE J. H., 1970. An anatomical study of the
hands of the Pleistocene and Recent Man. Ph.D.
Dissertation, University of Cambridge.

MUSGRAVE J. H., 1971. How dextrous was
Neandertal Man? Nature, 233: 538-541.

MUSGRAVE J. H,, 1973. The phalanges of Neander-



XXVII. Hand bones

thal and Upper Palaeolithic hands. /n: M. H. DAY
(ed.), Human Evolution. Symposia of the Society
for study of human biology 11. London, Taylor
and Francis: 59-85.

NESPOS Database, 2008. Neanderthal Studies Pro-
fessional Online Service. http://www.nespos.org.

NIEWOEHNER W. A., 2001. Behavioral inferences
from the Skhul/Qafzeh early modern human hand
remains. Proceedings of the National Academy of
Sciences USA, 98 (6): 2979-2984.

NIEWOEHNER W. A, WEAVER A. H. &
TRINKAUS E., 1997. Neandertal Capitate-Meta-
carpal Articular Morphology. American Journal
of Physical Anthropology, 103 (2): 219-233.

OBERLIN C., SAKKE M. & VACHER C., 1997.
Morphologie du pouce néandertalien. A propos de

six cas et revue de la littérature. Annales de
chirurgie de la main, 16 (1): 58-65.
ROUGIER H., CREVECOEUR 1., FIERS E,

HAUZEUR A., GERMONPRE M., MAUREILLE
B. & SEMAL P., 2004. Collections de la Grotte
de Spy: (re)découvertes et inventaire anthropolo-
gique. Notae Praehistoricae, 24: 181-190.

SEMAL P., ROUGIER H., CREVECOEUR I,
JUNGELS C., FLAS D., HAUZEUR A., MAU-
REILLE B., GERMONPRE M., BOCHERENS
H., PIRSON S., CAMMAERT L., DE CLERCK
N., HAMBUCKEN A., HIGHAM T,
TOUSSAINT M. & vaN Der PLICHT J., 2009.
New Data on the Late Neandertals: Direct Dating
of the Belgian Spy Fossils. American Journal of
Physical Anthropology, 138 (4): 421-428.

SLADEK V., TRINKAUS E., HILLSON S. W. &
HOLLIDAY T. W., 2000. The People of the
Pavlovian. Skeletal catalogue and osteometrics of
the Gravettian fossil hominids from Dolni Ve-
stonice and Pavlov. The Dolni Véstonice Studies,
5. Brno, Akademie véd Ceske republicky: 244 p.

SMITH F. H., OSTENDORF-SMITH M. &
SCHMITZ R., 2006. Human skeletal remains
from the 1997-2000 excavations of the cave de-
posits derived from Kleine Feldhofer Grotte in the
Neander Valley, Germany. In: R. SCHMITZ (ed.),
Neanderthal 1856-2006. Mainz am Rhein, Verlag
Philipp von Zabern: 187-246.

SMITH S. L., 2000. Shape Variation of the Human Pol-
lical Distal Phalanx and Metacarpal. American
Journal of Physical Anthropology, 113 (3): 329-348.

19

STATlab, 1991. CNET-Francelelecom-SLP. Version
2.1.

SUSMAN R. L., 1976. Functional and evolutionary
morphology of hominid manual rays II-V. Ph.D.
Dissertation, University of Chicago.

SUZUKI H. & TAKAI F., 1970. The Amud Man and
his Cave Site. Tokyo, Academic Press Japan.

TRINKAUS E., 1983. The Shanidar Neandertals.
New York, Academic Press: 502 p.

TRINKAUS E., BAILEY S. E. & ZILHAO J., 2001.
Upper Paleolithic human remains from the Gruta
do Caldeirdo, Tomar, Portugal. Revista Por-
tuguesa de Arqueologia, 4 (2): 5-17.

TRINKAUS E., MAKI J. & ZILHAO J., 2007.
Middle Paleolithic Human Remains From the
Gruta da Oliveira (Torres Novas), Portugal.
American Journal of Physical Anthropology, 134
(2): 263-273.

TRINKAUS E., SMITH F. H.,, STOCKTON T. C. &
SHACKELFORD L. L., 2006. The human post-
cranial remains from Mlade¢. /n: M. TESCHLER-
NICOLA (ed.), Early Modern Humans at the
Moravian Gate. Vienna, New York, Springer: 385-
445.

TRINKAUS E., SVOBODA J., WEST D. L,
SLADEK V., HILLSON S. W., DROZDOVA E.
& FISAKOVA M., 2000. Human remains from
the Moravian Gravettian: Morphology and ta-
phonomy of isolated elements from the Dolni Vé-
stonice II site. Journal of Archaeological Science,
27 (12): 1115-1132.

TWIESSELMANN F.; 1953. Belgique et Luxem-
bourg. /n: H. V. VALLOIS & H. L. MOVIUS
(ed.), Catalogue des Hommes Fossiles. Comptes
Rendus de la XIX® Session du Congrés Géolo-
gique International a Alger, 1952: 93-101.

VANDERMEERSCH B., 1981. Les Hommes fossiles
de Qafzeh (Israé'l),. Cahiers de Paléoanthropolo-
gie. Paris, CNRS Editions: 319 p.

VANDERMEERSCH B., 1991. La ceinture scapu-
laire et les membres supérieurs. In: O. BAR-
YOSEF & B. VANDERMEERSCH (ed.), Le
squelette moustérien de Kébara 2. Cahiers de Pa-
1éoanthropologie. Paris, CNRS Editions: 157-178.

VILLEMEUR 1., 1994. La main des Néandertaliens.
Comparaison avec la main des Hommes de type



I. CREVECOEUR

moderne. Morphologie et Meécanique.  Paris, AUTHOR'S AFFILIATION
CNRS Editions.

y Isabelle CREVECOEUR

VLCEK E., 1975. 'M(')rphology of the 'ﬁrst metacarpal CNRS

of nea,nde.rthal 1nd1v1dual§ ’fr’om ,Crlmea. Bul.letms PACEA, UMR 5199
et Mémoires de la Société d’Anthropologie de , T

Paris, 2 (13): 257-276. Allée Geoffroy St Hilaire

CS 50023

33615 Pessac cedex

France

i.crevecoeur@pacea.u-bordeauxl.fr

and

Earth and History of Life

Royal Belgian Institute of Natural Sciences
29, Vautier Street

1000 Brussels

Belgium

20



	Proximal Phalanges
	Middle Phalanges

