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CHAPTER XXX

FOOT BONES

Gilles BERILLON

Abstract

Among the 199 foot remains inventoried to datener $py cave site, 10 specimens were potentialljpuatid to the
Neandertal individuals Spy | and Spy Il. The indiisl attribution of the metatarsals and pedal pmgjas has remained un-
clear through the successive inventories contrarthbse of the calcaneus and the talus, which detes with the tibia Spy 9,
and that were attributed to Spy Il. Recently, a phensive review of the Spy site collections lwaahty reshaped the palaeo-
anthropological inventory; with regard to foot remaj two specimens have been removed from it. $rvéin, five proximal lat-
eral phalanges were selected for their patina andipalar morphology in the Spy Neolithic collectigvhich, with the eight
specimens of the original collection, increased3othe number of foot bones potentially attribugatd the Neandertals of the
Spy cave site. In this chapter, we present a contiparatudy of this material, focusing on the metis and the phalanges.
They are compared to Neandertal specimens, MiddieWpper Palaeolithic modern humans, Neolithic sedes recent hu-
mans by means of quantitative and qualitative asedy Our results tend to exclude two of the thmse fiietatarsals from the
Neandertal original inventory and demonstrate that five proximal phalanges recently extracted fthm Neolithic collection
are morphologically closely related to Neandertdlse Neandertal inventory would thus count 11 bonekfeagments of foot
bones. According to their morphological featurescandary anatomical connections, and their dimersithey are attributed

to the two adult Neandertals Spy | and Spy Il.

INVENTORY OF FOOT BONES

Among the 199 foot remains inventoried
to date in the Spy cave site, 10 specimens were
potentially attributed to the Neandertal individual
Spy | and Spy Il (Fraipont & Lohest, 1886, 1887;
Twiesselmann, 1953, 1971). The left talus,
Spy 18, articulates with the calcaneus, Spy 17,
and articulates as well with the tibia Spy 9; these
are attributed to the individual Spy Il (Fraipont &
Lohest, 1887; Twiesselmann, 1953). They have
been well described (Leboucq, 1902; Fraipont,
1912, 1913, 1919, 1920; Morton, 1926), the talus
having largely been integrated into more recent
analyses relating specifically to the Neandertal
talus or more widely to the hominin talus (e.g.
Lisowsky, 1967; Day & Wood, 1968; Oxnard,
1972; Rhoads & Trinkaus, 1977; Gambier, 1981).
The others are distal bones: 3 first metatarsals, 2
second metatarsals, 1 third metatarsal and 2 hallu-
cal proximal phalanges. Because of the absence
of direct articular contact and of available com-
parative studies, individual attribution of these
distal bones has remained unclear through the suc-
cessive inventories (Fraipont & Lohest, 1887;
Fraipont, 1891; Twiesselmann, 1953, 1971).

Trinkaus (1978) offers a brief review on this point
and has delivered the only available study to date
concerning the metatarsal and phalangeal remains
from Spy. According to this author[.X] il y

avait & Spy non seulement trois Néandertaliens,
deux adultes (Spy 1 et Spy 2) et un enfant (Spy 3)
(Twiesselmann, 1953, 1971), mais au moins trois
Néandertaliens adultes et peut-étre quatre ou
cing’. He added Quel que soit le nombre exact
des individus, les os du pied prouvent avec certi-
tude qu'il n'est plus nécessaire d'associer sys-
tématiquement les os postcraniens avec les cranes
de Spy 1 et Spy.2 Recently, during a review of
the material collected at the site, one proximél ha
lucal phalanx (Spy 425n) was found in the faunal
material and determined as symmetrical to the
Spy 25G specimen, bringing the number of pos-
sible Neandertal foot remains to 11. However,
direct dating showed that it could not belong to
this taxon, which thus excludes the Spy 25G spe-
cimen from the Neandertal inventory (Semal
et al, 2009, volume 1: chapter XVI). Lastly, one
of the second metatarsals (Spy 25A) was also re-
moved because of the nature of its fossilisation
and its morphometric characteristics (Rougier
et al, this volume: chapter XIX); this specimen
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was neither listed in the Twiesselmann (1971) in-
ventory nor included in the Trinkaus analysis
(1978) (see Rougieet al, this volume: chapter
XIX). Today, the original collection contains
eight foot bones and fragments of foot bones that
might be attributed to the adult Neandertals
(Table 1; SF1 to SF6).

More generally, a review of the Spy cave
site collections has notably reshaped the palaeo-
anthropological inventory (Rougiest al, 2004,
this volume: chapter XIX; Semadt al, 2009,
volume 1: chapter XVI). Pursuing in this vein, we
went through the Neolithic foot material from the
site (housed at the RBINS); among the remains
(representing all the parts of the foot) we identi-
fied five proximal lateral phalanges (Spy 274e,
205b, 228b, 398d and 170d) which fossilisation
recalled that of the Neandertal specimens and
which robustness contrasted with that of the other
proximal phalanges in this collection while recall-
ing the morphology of Neandertal proximal lateral
phalanges as described in the literature.

In view of these recent developments, a

have highlighted the robustness of the Neandertal
foot bones as and when discoveries of Neandertal
remains have occurred. To date, the study of the
Shanidar material (Trinkaus, 1975, 1983) is the
only synthesis on this matter, providing, in partic
ular, new insights into Neandertal foot character-
istics in the light of the numerous foot remains
from the site. Concerning the distal segments, the
robustness of the first metatarsal and proximal
phalanges, with substantial development of their
plantar areas of attachment, can be noted. More
recently, Trinkaus & Hilton (1996) have pointed
out that “[...] the Neandertals have moderately
shorter proximal pedal phalanges with the middle
(digits 2-4) phalanges having significantly wider
diaphyses relative to the recent humans”. How-
ever, concerning the hallucal column, the data in
the case that interests us here must be used with
caution since the Neandertal specimens con-
sidered in Trinkaus & Hilton (1996) included
those from Spy. Thus, where the allocation of
isolated bones in the Neandertal inventory is con-
cerned, the results we propose for the Spy foot
remains must be regarded a priori as pointers for
further progress and as a first step towards a solu

reassessment of the Spy metatarsal and pedal tion other than one that considers all the speci-
phalangeal bones was necessary. We aim here to mens as Neandertal because there is no evidence

provide new insights into their presumed associ-
ation with the two Neandertal adults. In addition,
we guestion the possible inclusion in the Neander-
tal inventory of the five phalanges extracted from
the Neolithic material. Unfortunately, the neces-
sary background is poor; there is little Neandertal
material available for comparison and the interest
in these anatomical segments among palaeo-
anthropologists is still limited. In general, segl

to the contrary.

MATERIALS AND METHOD

As there is no doubt over the attribution
of both the talus and the calcaneus, our analysis
focused on the five metatarsals and the hallucal
proximal phalanx of the original Neandertal

Inventory number Bone Side State of preservation  Métura Attribution (Twiesselmann, 197]1)
25D MTT 1 L Complete M only one left MTT 1 listed;
25B MTT 1 L Complete M attributed to Spy I
25C MTT 1 R Complete M
23A MTT 2 L 4/5 proximal fragment M Spy Il
23B MTT 3 R 1/2 proximal fragment M
25F PP 1 R Complete M Spy I
17 Calcaneus L Complete, eroded M Spy Il
18 Talus L Complete M Spy Il

Table 1. Inventory of the eight foot bones frora triginal Spy collection (RBINS).
MTT = Metatarsal; PP = Proximal phalanx; R = Rights Left; M = Mature.
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collection, and the five proximal lateral
phalanges extracted from the Neolithic material;
concerning the talus and the calcaneus speci-
mens, we provide pictures and their main clas-
sical dimensions in the supporting materials
(ST1 and SF1-2). The comparative Neandertal
sample included: Kiik-Koba 1 (B@érOsmo-
lovskij, 1954), Shanidarl, 3, 4, 6 and 8
(Trinkaus, 1975, 1983), Tabun C1 (McCown &
Keith, 1939), La Ferrassiel and 2 (Heim,
1982), La Chapelle-aux-Saints 1 (Boule, 1912)
and Krapina (n =31) (Radoév etal, 1988).
The anatomically modern human sample used
for comparison included Middle Palaeaolithic
specimens from Qafzeh and Skhul (McCown &
Keith, 1939; Vandermeersch, 1981), Upper Pa-
laeolithic specimens from Pataud (Billy, 1975)
and Cro-Magnon, a sample of Neolithic humans
from the Mosan Valley (Maurenne, Hastiére,
Furfooz, Freyr, Goyet, Waulsort and Montaigle)
(RBINS; database provided by Héléne Rougier
and lIsabelle Crevecoeur), a sample of French
Neolithic remains Musée de 'HommeParis)
and a sample of recent humansluéée de
'Homme Paris). We studied the original ma-
terial from La Ferrassie, La Chapelle-aux-
Saints, Krapina, Pataud and Cro-Magnon and
used the data from the literature for the other
Palaeolithic fossils.

The study was carried out on the basis of
both quantitative and qualitative data: (1) meas-
urements as defined by Martin & Saller (1957) as
well as the indices defined by Trinkaus (1978)
and the calculation of cross-section areas; (2) X-
rays, virtual symmetrisations, superimpositions
and articulations of 3D reconstructed models -
these models were provided by Patrick Semal
(RBINS) under the TNT project (and are avail-
able on request at www.nespos.org); (3) direct
qualitative observations of, in particular, the
shape of the joint areas and the development of
the tendon and ligament attachment areas.

RESULTS AND DISCUSSION

Both surface and radiological observations
show that (1) ossification of each bone is com-
plete, which bears out their attribution to mature
individuals, and (2) there is no difference between
the metatarsals that might be relateddgp.

Figure 1. Lateral view of the first metatarsals

Spy 25B (a), Spy 25C (b), Pataud 6 (c), La Fereaksi
(d), Krapina 245 (e) and Spy 25D (f); the bonesehav
been scaled so that their maximal lengths are equal
order to make comparisons of the concavity of their

plantar border easier. Pictures of Spy and Krapina
specimens by P. Semal, RBINS; pictures of Pataud 6

and La Ferrassie 1 by G. Berillon
(courtesy of P. Mennecier, MNHN, Paris).
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Kiik-Koba 1 (R) 59.3 63.0 35.6 23.6 13.6 16.4 34.5 17.p
Kiik-Koba 1 (L) 59.5 62.0 36.2 22.1 14.8 17.0 35.5 17.%
Tabun C1 (R) 51.0 495 22.0 18.5 134 21.2 16.2
Tabun C1 (L) 52.5 51.0 17.5 9.5 13.0 21.5 14.0
Shanidar 1 (R) 58.6 12.1 12.9 30.1
Shanidar 1 (L) 60.6 33.3 22.2 12.9 13.7 311 15)9
La Ferrassie 1 (L) 67.7 64.8 36.3 27.0 13.0 171 12,8 17.1 163 17.8
La Ferrassie 2 (L) 56.4 54.6 28.8 19.6 10.0 13.0 9.5 13.6 .0 14
Krapina 245 59.6 57.8 31.7 14.7 16.0 12.9 16.0 30,8
Krapina 246 125 13.2 11.3 13.1
Mean_NEA+SD| 59.1+5.6 58.5+5/1 31.4+54 21.7+3.6 125x214.7+1.9) 11.6+1.6 149+1.9 30.1+52 15.8+1.8
N 5 6 6 5 7 7 4 4 5 5
Skhul 3 (L) 58.0 30.5 22.0 13.5 14.5
Skhul 4 (L) 64.5 29.0 23.0 15.0 17.2
Qafzeh 3 (R) 60.7 28.9 19.9 14.5 14.3
Qafzeh 8 (R) 62.7 29.3 14.3 15.8
Qafzeh 8 (L) 63.0 29.8 14.6 15.0 29.5 13.5
Qafzeh 9 (R) 58.9 29.8 14.4 15.3 27.0 13.0
Pataud 6 58.9 57.2 26.6 12.0 11.1 10.9 11.9 26/2
Cro-Magnon 1 66.2 65.3 29.9 19.2 12.7 12.0 11.5 1218 29.0 17.2
Cro-Magnon 2 63.8 62.8 26.2 12.2 12.7 11.38 13.p 16(1
Mean_PMHzSD 63.0£3/7 61.3+3]1 28.9+1.6 21.0+1.8 13.62112.0+2.0) 11.2+0.3 12.6x0./ 27.9+16 14.9+2.0
N 3 8 8 4 8 8 3 3 4 4
Mean_NHS+SD| 58.2+3/9 55.7+3|6 26.9+1.9 19.7#1.9 12.9¢118.2+1.2) 11.8+1.0 13.2+1.3 26.531.9 16.24].5
N 111 112 10 104 112 112 10 10 107 103
Spy 25D 55.7 534 27.1 20.1 11.5 13.7 10.6 13.9 25/9 18.9
Spy 25B 54.9 52.9 26.3 12.9 13.1 12.4 13.7 249
Spy 25C 52.7 51.2 25.7 12.3 12.1 11.2 13.8 250

The first metatarsal

The absolute dimersis (Table 2) of the
three fist metatarsals (Spy 25B, Spy 25C and
Spy 25D) are small compared to the average val-
ues for recent modern and fossil humans. Their
maximum dimensions (length, and width and
height of the base) fall below the averages of the
three comparative samples. Unlike Trinkaus
(1978), we did not observe any clear differences
in the robusticiy index for both modern human
samples and the Neandertal sample; Spy 25D falls
in the middle of the range of variation as a whole.
The Neandertal and modern human samples differ
in: (1) the relative dimensions of the base (Maxim-

al height/ Articular length, Proximal articular
height / Articular length, Cross-section area / Ar-
ticular length) which are relatively larger in
Neandertals; (2) the conformation of the shaft
cross-section at mid-length (Shaft width / Shaft
height) and at the minimal height (Minimal
width / Minimal height) levels: in Neandertals, the
shaft is broader than high especially at its mithima
height level; (3) the proximal rugosity index. Wit
regard to the base development and the shaft cross-
section, Spy 25B and Spy 25C come close to mod-
ern humans. Spy 25D comes close to Neandertals
in the morphology of the cross-section of the shaft
only, with a shaft of greater breadth than height
from mid-length to its minimum height level.



XXX. Foot bones

— — = = ) 5 - — ~ = g = 2

£ 8L 85 | £2 BEfE s2 2 3 85 2% | %

S £3 Eg T8 s-~c £+ ©8 22 @85 T®s 38

L T < | ® ES g2 8@ | EE | ECE 3 | EC o c

2 2 o xS |x2 |5 EE£ | 33| 82| B o

a a s < E 2 S = == 8 =z S

Kiik-Koba 1 (R)| 23.0 21.6 0.57 0.55 1.21 69.81 47.62
Kiik-Koba 1 (L)| 23.6 22.3 0.58 0.57 1.15 0.61 10.18 7765 1.29
Tabun C1 (R) 17.2 20.0 0.44 0.43 0.84 84.38
Tabun C1 (L) 18.0 20.0 0.42 1.37 4412
Shanidar 1 (R) 22.0 20.8 0.51 1.07 42.66
Shanidar 1 (L) 23.8 19.6 0.55 0.51 1.06 0.67 9.58 66.89 8H3
La Ferrassie 1 (L) 24.4 0.56 0.49 1.32 1.34 0.74 1187 3%7.| 46.45
La Ferrassie 2 (L) 19.7 0.53 1.30 1.43 0.68 8.12 42.12
Krapina 245 22.0 24.3 0.55 0.53 1.09 1.24 53.11
Krapina 246
Mean_NEA+SD 21.9+2.6 21.6+2/2 0.54+0,05 0.51+0.06 1021% 1.34+0.10 0.71+0.09 9.92+1.55 71.58+11.8946.83%4.4
N 6 4 6 5 6 3 5 4 4 6
Skhul 3 (L) 20.7 22.5 0.53 1.07 0.72 9.08 48.2B
Skhul 4 (L) 21.0 23.0 0.45 1.15 0.79 8.12 49.9p
Qafzeh 3 (R) 18.8 24.6 0.48 0.99 0.69 7.44 47.45
Qafzeh 8 (R) 19.7 22.2 0.47 1.10 48.01
Qafzeh 8 (L) 20.2 22.8 0.47 0.47 1.03 46.98
Qafzeh 9 (R) 19.3 22.7 0.51 0.46 1.06 50.42
Pataud 6 20.8 20.5 0.47 0.46 0.93 1.09 40.38
Cro-Magnon 1 0.46 0.44 0.94 1.11] 0.64 6.90 86.89 37.83
Cro-Magnon 2 21.9 0.42 1.04 1.17] 39.65
Mean_PMH+SD 20.4+1.0 22.7+1.3 0.47+0/03 0.46+0.01 1003# 1.12+0.04 0.71+0.06 7.88+0.94 45.44+4.78
N 7 6 8 4 8 3 4 4 9
Mean_NHS+SD 20.4+22 21.1+1.7 0.49+0/08 0.48+0.10 10033 1.12+0.07 0.72+0.03 7.46%0.72 78.2315.74 46.8842.71
N 111 108 10 107 112 10 10 10 10 112
Spy 25D 18.9 23.2 0.51 0.49 1.19 1.31 0.74 8.01 75.60 47)19
Spy 25B 19.9 20.6 0.50 0.47 1.02 1.1d 0.71 7.30 49.15
Spy 25C 18.2 0.50 0.49 0.98 1.23 47.66

Table 2. (opposite page and above) Dimensionsratices of the Spy first metatarsals and compazatata.
NEA: Neandertal; PMH: Palaeolithic modern humang SN NeolithicHomo sapiengL): left side;
(R): right side; SD: Standard deviatidh Cross-section area = Maximal height*Maximal width,
assuming that the outline of the base is elligti@;rinkaus (1978).

Concerning the rugosity index, Spy 25D falls recent; in modern humans, its proximal part is al-
between the average values of the modern human most rectilinear. Among all Spy specimens, the
and the Neandertal samples; it is to note that we former morphology is observed in the Spy 25D
found values very distinct frothose provided by specimen only (Figure 1).
Trinkaus (1978).
Finally, the left proximal hallucal phalanx

From a qualitative point of view, in Spy 25G, recently excluded from the Neandertal
Neandertals, the plantar edge of the shaft is more inventory, articulates perfectly with the Spy 25B
concave than in modern humans, both fossil and specimen but not with the Spy 25D specimen.
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Concerning possible associations of
these metatarsals, Trinkaus (1978) notddes”
trois premiers métatarsiens sont trop différents
pour ne pas provenir de deux individus [...JIf
there is no doubt that the left first metatarsal
Spy 25D and the right first metatarsal Spy 25C
cannot be paired due to their clearly visible dif-
ferences, we cannot exclude without further ex-
planation that more discrete differences in size
and shape between Spy 25C and Spy 25B could
be related to their different state of preservation
(Rougieret al, this volume: chapter XIX). We
therefore carried out a comparative examination,
both direct and virtual, of their morphological
features (Figure 2). This revealed many discrete
differences between the two bones, in the shaft,
the head and the base. In the shaft, they radate t
the obliqueness of the medial edge, the orienta-
tion of the dorsal face, the proximo-distal evolu-
tion of the cross-section, the concavity of the me-
dio-distal portion of the dorsal face, and the re-
lief of the lateral area behind the head. Thetshaf
of Spy 25B is more voluminous and its plantar
face extends distally behind the head. In the
head, the differences relate to the entire dor-
so-plantar orientation of the head and the posi-
tion of the two dorsal tubers behind the dorsal

Figure 2. 3D superposition of the first metatagsal
Spy 25B and Spy 25C, in pink and green respectively
in lateral view (top) and in dorsal view (bottonSee

in transparency that differences concern all thiéspa
of the metatarsals although they are more marked at
the base and head level.

edge of the joint area. Lastly, the bases are ori-
ented in very different ways, with a marked con-
cavity of the joint area for the medial cuneiform
in the Spy 25B specimen. Because of these dif-
ferences, these two metatarsals should be attrib-
uted to two different individuals.

To conclude, the three first metatarsals
appear to represent three adult individuals, which
agrees with Trinkaus’ conclusions (1978). Nev-
ertheless, some of the metric and morphological
data cast doubts on the attribution of all three to
Neandertals: in every respect, specimens
Spy 25B and Spy 25C are morphologically close
to the modern human morphology. Taking into
account the differences observed between the
samples of modern humans and Neandertals, it
does not seem plausible to keep them in the
Neandertal collection of the Spy cave site. As
far as the shape of the shaft is concerned, the
Spy 25D specimen is morphologically more
closely related to the Neandertal specimens of
our comparative sample; therefore, in the current
state of comparative analysis, we suggest that
this specimen should be kept in the Neandertal

Figure 3. The Spy 23A second metatarsal (a: medial
view, b: proximal view, c: dorsal view, d: plantagw,
e: X-ray in dorsal incidence, f: horizontal cross-
section). Note the relative development of thespte
plantar curvature of the shaft (a) and the wideeep
sion at the medio-distal side of the base (d-ftupes,
radiograph and cross-section by P. Semal, RBINS.
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inventory. It may be recalled that Twiesselmann
(1953) had already attributed a single left first
metatarsal to the Neandertal material; this speci-
men could be Spy 25D.

The second metatarsal

The left second metatarsal specimen
(Spy 23A) lacks the head, which limits metric
comparisons (Table 3); the shaft is very plantarly
curved. Its morphology corresponds to the mor-
phology usually observed in Neandertal lateral
metatarsals, with the extension of the joint areas
and the plantar areas of attachmaenfit Trinkaus,
1983), the massive dimensions of the base that
contrast with the diameters of the shaft and the
rapid proximo-distal decrease in the diameters of
the shaft (especially the medio-lateral diameter)
(Figure 3). In modern humans, the base is relat-

ively less massive with less extended joint areas
and plantar areas of attachment, and the diameters
of the shaft gradually decrease proximo-distally.
These observations support the initial attribution
of Spy 23A to a Neandertal individual (Fraipont
& Lohest, 1887; Twiesselmann, 1953).

We noted a morphological characteristic
in this specimen that could further support this at
tribution. It consists of a broad nonarticular de-
pression located well forward at the limit between
the base and the shaft of the bone (Figure 3thf).
medial view, the proximal part makes up an area of
contact that extends along the entire heighthef
base, while in the dorsal view, it is distally and
laterally very oblique, at an angle of approxim-
ately 45° to the axis of the shatft. Its distal jwort
forms a large fossa, plantarly. This structure has
never been described on the Spy specimen. We

specimens | MG | M| Shattheignt | shaftwidth | CRATEL o ioar wt
Kiik-Koba 1 (R) 24.4 18.6 10.7 9.1 20.1 17.2
Kiik-Koba 1 (L) 25.3 17.7 10.8 9.2 20.4 16.8
Tabun C1 (R) 19.0 135 7.0 6.5 18.5 11.4
Shanidar 1 (R) 22.4 19.8 9.5 8.3 16.5
Shanidar 1 (L) 23.7 19.4 104 9.0 21.0 17.6
La Ferrassie 1 (L) 17.6 9.6 8.3 13.6
La Ferrassie 2 (L) 18.4 15.3
Krapina 247.2 215
Krapina 246.1 8.5 6.8
Krapina 248.4 8.2 7.1
Mean_NEA+SD 22.4+2.7 17.3£2.2 9.1+1.4 7.841.2 20.0+1.3 .912.5
N 4 5 6 6 3 5
Skhul 4 (L) 24.0 14.2 14.0 8.5
Qafzeh 8 (R) 23.9 18.8 11.0 10.0
Qafzeh 8 (L) 23.8 16.9 10.8 9.1 22.0 13.5
Qafzeh 9 (R) 15.7 10.6 8.9 18.0 13.5
Pataud 6 18.8 13.3 9.6 7.0 16.1 11.4
Cro-Magnon 1 20.6 13.7 9.8 8.5 8.0 12.8
Mean_PMH%SD 21.8+2.5 14.8+1.5 11.0+1.8 8.4+0.8 16.045.9 2.8141.0
N 4 5 5 5 4 4
Mean_NHS%SD 15.2+#1.5 8.4%1.1 7.8+1.0 18.9+1.8 13.5+1.4
N 56 56 56 42 48
Spy 23A 23.8 191 | 96 | 88 | 19.7 15.6

Table 3. Dimensions of the Spy second metatarshtamparative data. NEA: Neandertal; PMH: Palaeioli
modern humans; NHS: Neolithitomo sapieng(L): left side; (R): right side; SD: Standard dstion.
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observed a similar morphology in La Ferrassie 1, according to what we observed on the La Fer-
bilaterally, and on the left foot of La Ferrassie 2 rassie fossils, his particular morphology of
(the corresponding zone on the right-hand side Spy 23A must be seen as a discrete non-patholo-
could not be observed because it is encased in the gical anatomical structure that corresponds to the
sediment block in which it is still preserved). lateral portion of the first metatarsal’s baset tha
Heim (1982) had noted the presence of this fossa have never observed before (among hundreds of
on the La Ferrassie specimens, which he associ- bones of shod and unshod modern humans includ-
ated with the adducted orientation of the hallux. ing fossil specimens), that has never been de-
On these specimens, we observed a close corres-scribed to our knowledge in any modern human
pondence between this particular morphology ob- (past or present) and that we observed in two oth-
served on the medial face of the second meta- er Neandertal individuals out of no more than ten
tarsal's base (similar to that of the Spy 23A speci available specimens.

men), and that of the lateral face of the firstanet

tarsal's base. This correspondence ensures optim- The third metatarsal

al congruence between the first and second meta-

tarsals as well as a functionally coherent position The right third metatarsal specimen
ing of the two bones (see below, “Possible associ- (Spy 23B) lacks the distal portion of the corpus
ations of the foot bones” section). Additional in- and the headwhich limits metric comparisons
vestigations are necessary to fully determine the (Table 4); the shape of the preserved portion in-
nature of this structure (ongoing research). Nev- dicates that the shaft was rectilinear. Simil&oly

ertheless, for the subject that interests us lagck, the second metatarsal specimen, its morphology
specimens | "ZCRE | M| Shaftheignt - shattwidth o SR v

Kiik-Koba 1 (R) 23.4 18.4 11.7 7.4 20.2 18.3
Kiik-Koba 1 (L) 25.1 17.7 13.0 9.5 21.9 17.7
Tabun C1 (R) 19.0 13.0 8.0 6.0 18.0 14.0
Shanidar 1 (R) 19.8 9.2 7.7 16.3
La Ferrassie 1 (L) 21.9 16.4 9.7 7.2 174
La Ferrassie 2 (L) 16.1 8.3 6.8 15.3
Krapina 247.3 22.7 16.8 8.9 7.6 215 14.9
Krapina 247.4 8.7 7.0
Krapina 247.1 21.8 8.4 7.2
Mean_NEA+SD 22.3+2.0 16.9£2.1 9.5+1.7 7.4+0.9 20.4+1.8 .316.6
N 6 7 9 9 4 7
Skhul 4 (L) 21.0 15.0 13.0
Qafzeh 8 (R) 23.5 15.2
Qafzeh 8 (L) 22.7 15.0 10.5 7.4 20.5 14.5
Qafzeh 9 (R) 21.1 15.1 10.0 8.4 14.0 13.5
Pataud 6 18.8 12.6 8.3 6.2 17.7 10.0
Mean_PMH+SD 21.5+1.8 14.6£1.1 10.4£1.9 7.3+1.1 17.4£3.3 2.742.4
N 5 5 4 3 3 3
Mean_NHS+SD 13.9+1.1 8.4+0.9 7.2+0.7 18.9+1.4 13.1+1.1
N 101 102 102 85 99
Spy 23t 21.€ 16.4 9.€ 8.C 18.1 15.

Table 4. Dimensions of the Spy third metatarsdl @mparative data. NEA: Neandertal; PMH: Palaeiglinod-
ern humans; NHS: Neolithidomo sapieng(L): left side; (R): right side; SD: Standard dsion.
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corresponds to the fjeently observed morpho-  shaft is medio-laterally flattened with a dor-
logy of Neandertal lateral metatarsals with the ex- so-plantar diameter that gradually decreases prox-
tension of the joint areas and the plantar areas of imo-distally. Although there are very few data,
attachment ¢f. Trinkaus, 1983), the massive di- they support the initial attribution of Spy 23B&o
mensions of the base compared to the diameters of Neandertal individual (Fraipont & Lohest, 1887;
the shaft ad the rapid proximo-distal decrease in  contra Twiesselmann, 1953).

the diameters of the shaft (Figure 4). In modern

humans, the base is relatively less massive, and th The right proximal hallucal phalanx

The right proximal hallucal phalanx
(Spy 25F) is complete and very well preserved
(Figure 5). Its dimensions are large, well abowee th
average values of the comparative samples
(Table 5). In most of the absolute measurements,
there is no clear difference between the Neander-
tal and the modern human samples we compared.
Where the dimensions of the base are concerned,
when scaled according to the lengths of the bones
(see indices), some small differences are observed
between Neandertals and modern humans: the
base is slightly larger in Neandertals. However,
for these variables, the Neandertal comparative
sample is small, which limits the range of this ob-

Figure 4. The Spy 23B third metatarsal (a: lateieah, servation. For these variables, the Spy 25F speci-

b: proximal view, c: dorsal view). Note the refatile- men comes close to the Neandertal specimens.

velopment of the base, the plantar attachment anei, Lastly, a comparison of the width and height at
the rectilinear shaft. Pictures by P. Semal, RBINS midshaft (Figure 6), as carried out by Trinkaus &

187
16 ml
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B Neandertals
A B Spy25F
A Modern humans
8 .
6 8 10 12 14
Figure 5. The Spy 25F proximal hallucal phalanx Height (mm)
(a: dorsal view, b: plantar view, c: proximal view,
d: medial view). Note the concavity of both thesid
and plantar faces of the shaft (d). Figure 6. Proximal hallucal phalanx shaft width sisaft
Pictures by P. Semal, RBINS. height of Neandertals, modern humans and Spy 25F.
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Kiik-Koba 1 (R) 27.5 10.1 15.9 18.3 23.1 14.5 19.(
Kiik-Koba 1 (L) 28.0 10.5 15.3 18.0 23.6 13.6 18.9
Krapina 250.1 32.4 26.6 9.4 12.9 16.9 19.8 8.2 12/6 13.9 18.2
Krapina 250.2 29.0 24.2 8.1 10.2 14.9 17.7 7.0 102 12,5 16.8
Krapina 250.3 27.8 9.1 12.3 16.9 7.7 12.3
Krapina 250.4 275 9.6 11.9 75 11.8
La Ferrassie 1 (R) 13.6 19.7 121 151
La Ferrassie 2 (L)  28.1 23.2 9.8 11.0 16.( 19.3 6.8 125 612. 17.8
Shanidar 1 28.1 10.2 12.4 18.9 204 14.4 1844
Shanidar 3 18.1 22.1 155 20.2
Shanidar 4 (R) 27.2 11.1 14.1 18.6 21.7 15.8 19/0
Shanidar 4 (L) 27.7 11.4 14.0
Shanidar 6 245 8.3 12.6 16.9 18.7 13.5 16.6
Shanidar 8 245 9.0 13.4 16.3 19.6 13.4 16.0
Tabun C1 15.0 16.2 13.8 15.7
Mean NEA+SD | 29.8+2.3 26.6+16 9.7+1.1 12.7+1.4 16.7#1.0.942.1| 7.4+0.6 11.9+1.0 13.7#1|1 17.5+1.6
N 3 10 11 11 12 11 5 5 11 11
Pataud 6 (L) 31.0 9.6 11.6 15.2 16.7 7.7 11.4 14l4 16/6
Cro-Magnon1 (L)  35.2 9.4 11.2 17.2 20.9 7.8 11.2 14/6 19|5
Mean NHS#SD | 32.1+3.0 27.6+2|7 9.2#0.9 12.7+1.4 158+1.4.341.9 13.7+1.5 18.0+1.B
N 57 58 58 58 55 57 50 52
Mean_RHS#SD | 32.4+2.7 9.440|7 12.3+1.1 15.9+1.3 18.841.0+(d5| 12.7+41.0 13.1+1.1 17.2+1}4
N 20 20 20 20 20 20 20 20 20
| Spy 25F | 35| 315| 101] 140/ 195 22.1 92 1500 1972 171

Hilton (1996) but using a larger Neandertal modern human samplescofitra Trinkaus &
sample than these authors, does not show any Hilton, 1996). Spy 25F falls within the higher
clear differences between the Neandertal and parts of both variations.

Figure 7. Medial view of the Spy 25F proximal ekl phalanx (a), a Neandertal proximal hallucallahx (b,
Krapina 250.1) and a modern human proximal hallpbalanx (c). Phalanges have been scaled accaalithgir
maximal length. Note, on the Neandertal specirttemrectilinear dorsal border and the very develgpeantar
areas of attachment compared to the modern humaditiom. With regard to this, Spy 25F closely magées the
modern human condition. Picture of the Krapinacgpen by P. Semal, RBINS (courtesy of J. RaggvCNHM);

picture of the modern human specimen by G. Berillon
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Kiik-Koba 1 (R) 10.5 20.4 0.84 0.67 0.51
Kiik-Koba 1 (L) 9.3 19.5 0.84 0.64 0.48
Krapina 250.1 7.6 0.61 0.52 0.74 0.64
Krapina 250.2 8.7 14.6 0.61 0.51 0.73 0.61 0.5¢ 0.60 0.40
Krapina 250.3 8.7 184 0.61 0.47
Krapina 250.4 10.3 17.7 0.58
La Ferrassie 1 (R
La Ferrassie 2 (L) 8.7 16.8 0.69 0.57 0.60 0.52
Shanidar 1 10.2 18.2 0.73 0.67 0.56
Shanidar 3
Shanidar 4 (R) 9.2 17.2 0.80 0.68 0.53
Shanidar 4 (L) 9.5 17.8 0.53
Shanidar 6 9.5 16.0 0.76 0.69 0.59
Shanidar 8 8.8 16.9 0.80 0.67 0.52
Tabun C1
Mean_NEAxSD 9.1+0.8 17.3x1.4 0.64+0.04 0.53+0/03 0.7040.0.65+0.03 0.54+0.04
N 11 10 3 3 7 8 10
Pataud 6 (L) 10.2 15.2 0.54 0.49 0.49 0.67
Cro-Magnon 1 (L) 134 194 0.59 0.49 0.55 0.69
Mean_NHSSD | 9.9+1.1 16.7¢1.6 0.60:0.04 0.49+0.04 0.7080.0.58+0.0§ 0.52+0.04 0.61+0.05 0.59+0]04
N 56 56 56 54 57 55 56 56 56
Mean_RHS£SD 9.8+1.4 15.8+22 0.58+0.03 0.49+0.03 0.4%3:0. 0.62+0.04
N 20 20 20 20 20 20
[ Spy 25F | 133] 199 ] 062] 055] 0.70] 0.62] 0.56 0.63 0.67

Table 5. (opposite page and above) Dimensionsratices of the Spy proximal hallucal phalanx anchparative
data. NEA: Neandertal; NHS: Neolithitomo sapiensRHS: RecenHomo sapieng(L): left side;
(R): right side; SD: Standard deviation.

From a qualitative point of view, we ob-
served certain morphological features that distin-
guish the Neandertal specimens from modern hu-
mans (Figure 7): (1) at the base, the highly de-
veloped plantar areas of attachmesft Trinkaus,
1983); in lateral view, a shaft with (2) a recidar
dorsal edge, especially at the proximal segment
level, associated to a plantarly very concave
plantar face. Given their relatively small abselut
length, this gives a very particular profile to the
Neandertal phalanges with, in particular, a marked
plantar and distal slope of the long axis of their
shaft whatever the height of their head. In compar-
ison, Spy 25F has relatively small plantar areas of
attachment and a shaft with a dorsally concave
dorsal face, a morphology reminiscent of the mod-

11

ern human pattern. The morphology of the
Spy 25F phalanx thus seems very particular, very
large with a relatively wide base although the de-
velopment of the plantar areas of attachment is
limited. By default, this specimen should be kept
in the Neandertal inventory, although its very par-
ticular morphology casts doubt on its attribution.

The lateral proximal phalanges

Preliminary observations prompted us to
carry out further investigations on five laterabyr
imal phalanges originally allocated to the Neatith
collection of the Spy cave site (Figure 8). Given
their dmensions, their estimated rank and lateral-
ity (the lateral plantar tuber is relatively more-d
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Figure 8. Dorsal view of the five lateral proximplalanges extracted from the Neolithic collectoéthe Spy cave
site. Inventory numbers are given above each spati Pictures by P. Semal, RBINS.

veloped than the medial, and the distal edge of
the head is laterally and distally oriented), we
suggest that these five phalanges may be attrib-
uted to a single individual. They are determined
as follows: Spy 274e and Spy 205b represent re-
spectively a left and a right proximal phalanx of
digits 2-3; Spy 398d and Spy 228b represent re-
spectively a left and a right proximal phalamix
digits 3-4; and Spy 170d represents a left proximal
phalanx of digit 5.

Concerning the comparison of the height
and width at mid-shaft (our comparison differs
from that of Trinkas & Hilton (1996) by pool-
ing the lateral phalanges together, whatever their
rank), we noted, like these authors, that the
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Figure 9. Lateral proximal pedal phalanx shafttvid
vs. shaft height of Neandertals, modern humans and
the five Spy specimens.
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Neandertal group overlaps the upper part of the
modern human variation and extends slightly bey-
ond it (Figure 9). The five Spy specimens are
projected at the intersection of both groups. The
height, width and cross-section area of the base
scaled to the length of the bones seem to be the
most discriminating variables (Table 6); for these
parameters, the phalanges come very close to the
Neandertal lateral phalanges. Figure 10 illustrate
the evolution of the cross-section area of the base
with the length of the phalanges; all five Spy spe-
cimens are projected close to the limit of the mod-
ern human variation, and in the middle of the
Neandertal sample.
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Figure 10. Proximal cross-section area vs. maximal
length for lateral proximal phalanges of Neandsrtal
modern humans and the four Spy specimens.
(Proximal cross-section area = Maximal height*
Maximal width*t/4, assuming that the outline of the
base is elliptic).
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Specimens Maximal | Maximal | Maximal Shaft Shaft Minimal | Minimal z:gégraa:l
length height width height width height width height
Mean_NEA+SD 25.1+2.8 11.6+1.6 12.8+1.4 5.8+0.8 6.4+0/8 7+8.6 6.2+0.9 9.9+1.5
N 19 20 18 22 22 22 22 20
Mean_NHS+SD 26.6x2.7 11.2+1.0 12.1+15 6.2+0.8 6.0+1|0 7@5 6.0+0.9 9.3+0.9
N 36 36 36 36 36 36 36 36
Mean_RHS+SD 27.3¥4.0 10.6+1.9 11.7¥1.9 5.7#1.0 5.7+0.8 3+@6 6.2+0.9 8.9+1.5
N 20 20 20 20 20 20 20 20
Spy 205b 28.4 13.3 13.3 7.1 7.0 5.8 7.0 105
Spy 274e 28.9 13.5 14.2 7.3 7.6 6.1 7.6 11.5
Spy 228b 7.4 6.8 5.2 6.8
Spy 398d 26.9 131 14.0 7.2 6.9 5.7 6.9 10.8
Spy 170d 23.4 11.2 131 6.3 6.8 5.2 6.7 10.0
Proximal Maximal | Maximal Distal Distal Distal
Specimens | articular Distal Distal height / width / height/ | width/ height /
width height width Maximal | Maximal | Maximal | Maximal Distal
length length length length width
Mean_NEA+SD 10.7+1.7 6.2+0.9 9.5+1.3 0.46+£0.03 0.52+0}[06.25+0.03| 0.39+0.05 0.66+0.04
N 19 22 18 19 18 19 16 18
Mean_NHS$SD| 10.4#1.1] 5.740.8]  8.7#1.]  0.42:0.03 0.45:008.21:0.02| 0.33+0.03 0.6610.0p
N 36 36 36 36 36 36 36 36
Mean_RHStSD | 10.2¢1.7| 56:0.8)  8.8t1.3  0.39:0.03 0.43:0.0321:0.02| 0.32:0.02 0.64+0.08
N 20 20 20 20 20 20 20 20
Spy 205b 12.2 7.0 9.8 0.47 0.47 0.25 0.35 0.7
Spy 274e 12.0 7.4 10.6 0.47 0.49 0.26 0.37 0.7¢
Spy 228b 9.3
Spy 398d 11.6 6.9 9.5 0.49 0.52 0.26 0.35 0.73
Spy 170d 11.2 6.4 10.0 0.48 0.56 0.27 0.43 0.64

Table 6. Dimensions and indices of the Spy prokiataral pedal phalanges and comparative data.:NNeandertal;
NHS: NeolithicHomo sapiensRHS: RecenHomo sapiengL): left side; (R): right side; SD: Standard dsion.

From a qualitative point of view, the

dertals display particular morphological traitsttha
distinguish them from modern humans. It is well

known that the plantar areas of attachment are

very developeddf. Trinkaus, 1983); we observed

as well in lateral view that these areas are prexim
ally projected compared to the dorsal margin of Between the first and the second metatarsals
the proximal joint area (Figure 11). In the modern

human sample, the plantar areas of attachment are

relatively small and not projected proximally.

observed in the comparative Neandertal sample.

13

These quantitative and qualitative obser-
bases of the lateral proximal phalanges of Nean- vations, although preliminary, suggest that these
five specimens may be attributed to an adult indi-
vidual of the Neandertal inventory.

Our examination of the bones from La

Ferrassie 1 and 2 highlights a close correspond
The five Spy phalanges display the morphology ence between the conformation of the medial face
of the second metatarsal base (similar to that of

Possible associations of the foot bones
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Krapina 253.4

Modern human

Figure 11. Medial view of the Spy left lateral pim-
al pedal phalanges, Krapina 253.4 (symmetrised) and
a modern human lateral proximal pedal phalanx. The
Spy specimens, with plantar areas of attachment tha
are well developed and proximally projected resembl
the Krapina specimen. Pictures of the Spy spe@gmen
by P. Semal, RBINS; pictures of the Krapina (cour-
tesy of J. Radaw¢, CNHM) and modern human spe-
cimens by G. Berillon.

Spy 23A) and that of the lateral face of the first

the m. fibularis longuson the plantar face of the
first metatarsal. When the tarso-metatarsal com-
plex is rearticulated, these two irror-shaped
structures are perfectly embedded. In addition, fo
each individual of La Ferrassie, in the horizontal
plane, the first cuneo-metatarsal joint is placad f
ward compared tthe second, and the axes of the
bodies of the first and second metatarsals are rel-
atively parallel; in the frontal plane, the second
metatarsal base is placed at the level of the Horsa
portion of the first metatarsal base. This general
architecture is similar to those of Shanidar 1,
Tabun C1 and Kiik-Koba 1. I therefore reason-
able to assume that the particular contact between
the first and secontla Ferrassie metatarsals does
not affect the structure of the foot, artabsld be
seen as a bilateral non-pathological anatomical
structure. It involves an evident morphological
correspondence between the first and second
metatarsabases, on both sides. There is no such
morphological correspondence between the Spy
second metatarsal and any of the Spy first meta
tarsals (Figure 12).

Metrically, compared with the comparat-
ive Palaeolithic samples, the base of the Spy first
metatarsals is too low compared to that of the
second metatarsal: the average ratio of the first
metatarsal height with the second metatarsal
height is equal to 1.36 in Neandertals and 1.31 in

metatarsal base. On La Ferrassie 2, the contact is modern humans, while it is equal to 1.14 for

achieved thanks to joint areas that are mir-

ror-shaped. On La Ferrassie 1, the congruence is

achieved by a proximally located articular zone
(on the right) or contact zone (on the left); idiad
tion, to the fossa of the smud metatarsal corres-

Spy 25D.

Considering these observations, none of
the Spy first metatarsals can be associated with
the second metatarsaloptra Fraipont & Lohest,

ponds a highly developed area of attachment for 1887; Twiesselmann, 1953).

Spy 25D

R
-

Spy 23A

Figure 12. Lateral view of the first metatarsay 25D and medial view of the second metatarsalZ3#y. Note that
neither their contact areas (circled) nor their imak heights (arrows) are compatible. Pictures bgémal, RBINS.

14
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Between the hallucal phalanx and the first meta-
tarsals

The Spy 25F hallucal proximal phalanx
articulates with none of the first metatarsals of
the collection, neither directly nor virtually (it
symmetrised left metatarsalsjofitra Twiessel-
mann, 1953).

Between the second and the third metatarsals

On the left second metatarsal, Spy 23A,
the joint area for the third metatarsal is single
and concave while on the right third metatarsal,
Spy 23B, the joint area for the second metatarsal
is bipartite and concave (Figure 13). Given the
usual morphological similarity between right and
left pedal anatomy, this contrasts with what is ex-
pected for usually highly congruent metatar-
so-metatarsal joints such as those of humans.

In comparison with the relative dimen-
sions ofthe second and third metatarsal bases in

metatarsal width is equal to 1.04 in Neandertals,
1.08 in modern humans, and 1.16 for the Spy
specimens.

Lastly, the plantar curvature of the second
metatarsal Spy 23A is marked while the shaft of
the third metatarsal 23B is rectilinear. The shaft
curvature of lateral metatarsals usually varies.
Nevertheless, the difference appears too important
for two contiguous metatarsals that would belong
to the same individual.

Therefore, according to these observa-
tions, we believe that the second and third meta-
tarsals from Spy cannot be associated with the
same individual.

Concerning non-contiguous metatarsals
and phalanges of the inventory, some hypothetical
associations based on dimensional criteria can be
proposed: the first (Spy 25D) and the third
(Spy 23B) metatarsals on one hand, and the
Spy 25F hallucal proximal phalanx and the

the Neandertals and modern human samples, the Spy 23A second metatarsal on the other. Lastly,
dimensions of the base of the Spy third metatars- if the attribution of the lateral proximal phalasge

al seem too small, especially in width, relatively

to Neandertals is confirmed, these could belong to

to those of the second metatarsal: the average ra- a unique individual and be associated with any

tio of the second metatarsal width with the third

Curved shaft

Straight shaft

other foot bones of the inventory.

Spy 23B

Figure 13. Lateral view of the second metatarggl ZA and medial view of the third metatarsal 281.
Note (1) that neither their joint areas (dotte@$rand curved segments) nor their maximal widthe\(s)
are compatible and (2) the curvature of the secoethtarsal shaft. Pictures by P. Semal, RBINS.
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CONCLUSION:
BUTION

INDIVIDUAL ATTRI-

On the basis of these new observations,
the remaining eight foot bones of the original col-
lection could represent at least four adult individ
als. These observations converge with Trinkaus’
conclusions (1978). However, based on the
observations reported here, some may not be
Neandertals, as Twiesselmann's inventories
implied (Twiesselmann, 1953, 1971contra
Trinkaus, 1978). In the current state of progress
of our investigations of the Neandertal material
available for comparison and the available literat-
ure, we believe it is justified to keep the followi
specimens in the Neandertal inventory: the Spy 18
talus, the Spy 17 calcaneus, the Spy 23A second
metatarsal and the Spy 23B third metatarsal; there
are not enough consistent observations to allow
either the Spy 25F hallucal proximal phalanx or
the Spy 25D first metatarsal to be excluded from
the Neandertal inventory. Lastly, five lateral
proximal phalanges (Spy 274e, Spy 205D,
Spy 228b, Spy 398d and Spy 170d), which we
extracted from the Neolithic collection from the
Spy cave site, may be added to this inventory.
Our observations of the metatarsal and phalangeal
material plead in favour of an attribution to two
adult Neandertals, one larger than the other. Nev-
ertheless, our conclusions do not support the indi-

16

vidual attribution proposed by Twiesselmann

(1953, 1971). The second metatarsal, Spy 23A,
and the hallucal proximal phalanx, Spy 25F, that
represent the largest individual could be associ-
ated with the talus, Spy 18, and the calcaneus,
Spy 17, and would thus be attributed to Spy II.

The first metatarsal, Spy 25D, and the third meta-
tarsal, Spy 23B, would represent another indi-
vidual, smaller, who could be Spy I. The five lat-

eral proximal phalanges could be attributed to
Spy | or Spy .
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