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Abstract

New Neandertal fossils from the Mousterian site of Cova Negra in the Valencia region of Spain are described, and a comprehensive study of
the entire human fossil sample is provided. The new specimens significantly augment the sample of human remains from this site and make Cova
Negra one of the richest human paleontological sites on the Iberian Peninsula. The new specimens include cranial and postcranial elements from
immature individuals and provide an opportunity to study the ontogenetic appearance of adult Neandertal characteristics in this Pleistocene pop-
ulation. Children younger than 10 years of age constitute four of the seven minimum number of individuals in the sample, and this relative
abundance of children at Cova Negra is similar that in to other Neandertal sites in Europe and southwest Asia. The recognition of diagnostic
Neandertal features in several of the specimens, as well as their western European context and late Pleistocene age, suggests that all the human
remains from Cova Negra represent Neandertals. The archaeological evidence from Cova Negra indicates sporadic, short-term occupations of

the site, suggesting a high degree of mobility among Neandertals.
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Introduction

The site of Cova Negra contains one of the most complete late
Pleistocene stratigraphic sequences in Mediterranean Spain,
with archaeological levels dating between the Riss/Wiirm inter-
glacial (OIS 5Se) and the initial Wiirm III (OIS 3). Cova Negra is
also one of the richest Middle Paleolithic sites on the Iberian
Peninsula in terms of the number of Neandertal remains recov-
ered, and it is one of several sites in Valencia that have yielded

Pleistocene human fossils (Arsuaga et al., 2001, 2002). The
site is located on the left bank of the Albaida River in the munic-
ipality of Xativa in the region of Valencia (Fig. 1). The cave is
situated some 17 m above the current level of the river and is
characterized by a large entrance and contains some 500 m* of
surface area. Excavations have been carried out during three
separate stages throughout the twentieth century.

In the early stage, three field seasons were conducted under the
direction of G. Vifies between 1928 and 1933. During the course
of excavations, an adult human parietal bone (Parietal I) was dis-
covered. The first detailed study of this fossil (Fusté, 1953, 1958)
emphasized its Neandertal affinities. In a later study, de Lumley
(1973) regarded the Cova Negra specimen as middle Pleistocene
in age, and, consequently, stressed its similarities with fossils that
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Fig. 1. Location of the Cova Negra site.

are today regarded as Homo heidelbergensis. However, the most
recent study (Arsuaga et al., 1989a,b) again drew attention to the
Neandertal affinities of the Cova Negra fossil.

Between 1950 and 1957, F. Jorda undertook five field seasons
of excavation, opening 11 sectors of the cave (Fig. 2), focusing
primarily on the external areas, and reaching a depth of approx-
imately 5 m in some areas. New human fossils were also recov-
ered, including a permanent upper central incisor, a child’s right
mandibular fragment, and an associated lower second deciduous
molar. Following the statements of de Lumley (1973) regarding
the parietal bone, Crusafont-Paird et al. (1976) argued that these
remains belonged to the so-called ‘“Anteneandertal group.”
Nevertheless, the study by Arsuaga et al. (1989a,b) aligned
them more closely with the Neandertals.

Finally, a third stage of excavations was directed by V. Villa-
verde between 1981 and 1991, with the aims of clarifying the stra-
tigraphy and addressing new research paradigmsdevelopedin the
intervening years after the previous excavations of Jorda. As a re-
sult of the most recent excavations, detailed studies have been
published on the stratigraphy (Fumanal, 1986; Fumanal and Vil-
laverde, 1988; Villaverde and Fumanal, 1990), exploitation of the
fauna (Villaverde and Martinez Valle, 1992; Martinez Valle,
1996), analysis of microfaunal remains (Guillem Calatayud,
1996), and analysis of combustion zones (Soler Mayor, 1996),
and thus a more thorough understanding of the nature of the occu-
pation of the site has been possible (Villaverde et al., 1996).

In 1987, as a consequence of screening sediments that
had fallen from the stratigraphic profiles from the excavations
of the 1950s, new dental and cranial remains were found
(Bermudez de Castro, 1992; Arsuaga et al., 2001). However, it
is not possible to assign a precise stratigraphic position other
than “Mousterian sediments’ for these specimens (Table 1) since
the profile in this sector is more than 3 m in depth and includes
levels 1—12. At the same time, new cranial and postcranial re-
mains were recognized among the museum collections of the ma-
terial recovered during the excavations conducted in the 1950s.
These include a complete femur, a complete radius, a distal fem-
oral diaphyseal fragment, two metatarsals, and a distal fibular
fragment (Arsuagaetal.,2001). Finally, in 1989, a second parietal
bone (Parietal II) was found, along with a handwritten note dating
to 1931 (during the excavations of Vifies), in a box deposited in
the Museum of Prehistory in Valencia (Gracia et al., 1992).

The excavation method used at Cova Negra during the
1950s consisted of removing artificially identified layers of
sediment of between 5 and 20 cm in thickness. The sectors de-
fined at the site varied in surface area, in some cases covering
up to 40 m? (Fig. 2). In general, scant attention was paid to the
relationship between the archaeological material and the differ-
ent stratigraphic units, complicating efforts to establish a firm
correlation between the fossil remains recovered during these
field seasons and the stratigraphic units defined during the ex-
cavations conducted in the 1980s. Nevertheless, accurately
placing the Cova Negra remains within the stratigraphic profile
and sector of the cave is fundamental to establishing their chro-
nology and associations between different specimens.

Table 1 and Figure 3 list all the human fossil specimens and
their assignment to a particular layer and sector within the site,
as well as the proposed chronology based on the correlation
with the stratigraphic sequence established after the most re-
cent excavations (Fumanal, 1995; Villaverde, 1995; Fumanal
and Villaverde, 1997). These correlations were established af-
ter considering the photographic documentation from the ear-
lier excavations, the information provided in the excavation
diary and field notes, and the present-day detailed knowledge
of the general tendencies of the dips in the stratigraphy in the
cave along its two major axes. In the case of Parietal II, found
by Viiies in 1931 in the red sediments in his layer 12, the ex-
istence of a markedly red-colored layer (current layer VIII)
widely distributed throughout the cave, allows us to suggest
a precise stratigraphic assignment. Thus, all of the human re-
mains from Cova Negra derive from Mousterian deposits and
span the time range from OIS 5b—3.

Here we provide a detailed description of the new cranial and
postcranial fossils and a comprehensive study of the entire hu-
man fossil sample from Cova Negra. For comparative purposes,
we have relied on personal observations and measurements, as
well as published descriptions of immature late Pleistocene Ne-
andertal and early modern human specimens from Europe and
southwestern Asia. For the postcranial remains, we have relied
on a skeletal sample of 22 modern children between the ages
of two and six years at death that derive from the excavations
of the Dominican Monastery of San Pablo in Burgos, Spain,
and date to the late Middle Ages (thirteenth to fifteenth century).
In addition, a small sample of medieval individuals from the
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Fig. 2. Site plan of CovaNegra indicating the swiface area of the different excavasion sectors. The sectors labeled with a letter represent those excavated in the 1950s,
while the sections excavated in the 198@s are indicated by the year of intervention. The darkened sectors represent the areas that have yielded human fossils, with the
number of fossils found within each sector indicated in brackets. In 1987, the sediments that had fallen from the swatigraphic profile in Sector E were cleaned,
resulting in the discovery of additional human remains. These are the specimens whose strasigraphic provenience is labeled as “Mouterian sediments” in Table 1.

Menastery of San Ildefense in Segevia, Spain, were alse mea-
sured te estimate the age at death fer the metatarsals. Age at
death in all of these medieval individuals was established by ra-
diegraphic examinatien ef the crewn and reet fermatien and
cemparisen with standards in living humans (Meerrees et al.,
1963; Andersen et al., 1976; Hillsen, 1996). Nevertheless, we
acknewledge that eur use of the medieval sample as the enly
medern human reference pepulatien limits the discussien ef
ecegeegraphic, specific, and/er pepulatienal variatien. Finally,
the cress-sectienal preperties of the leng benes were cemputed
using AUT@CAD versien 2002.

Stratigraphy, dating, and archaeological context

The stratigraphic sequence trem Ceva Negra cemprises 15
levels that span the late Pleistecene, representing six

sedimentary phases (Fumanal, 1995; Villaverde, 199S; Fuma-
nal and Villaverde, 1997), which are briefly described belew.
The thermeluminensce (TL) dates previded fer levels 4, 12,
and 15 were perfermed at the Sedimentelegy Laberatery at
Warsaw University (Peland) by H. Preszynska-Berdas and
W. Stranska-Preszynska.

Ceva Negra Phase A was warm and humid. The Albaida
River intreduced fluvial sediments inte the cave, giving rise
te the fermatien of levels of tufts with calcium-carbenate pre-
cipitatiens ferming ever plant elements. Archacelegically ster-
ile, this phase ceincides with level 15, and TL dating prevides
an age of 117 £ 17 theusand years. This phase, then, cerrelates
with the Riss-Wiirm (@IS Se).

Ceva Negra Phase B begins ceel and very humid and cul-
minates with rigereus climatic cenditiens. These weathering
precesses centribute te a fragmentatien ef the cave walls



Table 1
Inventory of the Cova Negra human remains

Inventory no. Specimen

Original provenience

Assigned stratigraphic level Chronology Field season

Cranial remains

Parietal I Adult right parietal “Eswato Medio Interior” 4-8 OIS 3 or 4 193¢
Parietal II Adolescent right parietal Level 12 “Tierras rojas” 8 OIS 4 1931
CN 42164a Immature left frontal fragment Level 18, Sector E 5—7 QIS 4 1951
CN 42164b Immature left parietal fragment Level 18, Sector E S=i7 OIS 4 1951
CN 42176-731¢ TImmature left parietal fragment Level 9, Sector E 3-5 OIS 4-3 1951
CN 42170-7311 Left parietal fragment Level 9, Sector E 3-5 OIS 4-3 1951
CN 42176-7312 TImmmature occipital fragment Level 9, Sector E 3-5 OIS 4-3 1951
CN 42176-7313  Right parietal fragment Level 9, Sector E 3-5 OIS 4-3 1951
CN 42174 Right parietal fragment (5 fragments) Mousterian sediments Mousterian sediments ? 1987
CN 42174 a Immature left parietal fragment Mousterian sediments Mousterian sediments ? 1987
CN 42174 b Immature left parietal fragment (3 fragments) Mousterian sediments Mousterian sediments ? 1987
CN 7755 Immature right mandibular fragment Level 33, Sector BE 11-12 OIS 5b 1951
Pental remains
CN 42175 Crown of left P* Mousterian sediments Mousterian sediments ? 1987
CN 42175 Crown of left dm? Mousterian sediments Mousterian sediments ? 1987
CN 42175 Crown of left M* Mousterian sediments Mousterian sediments ? 1987
CN 7755 Left dm; Level 33, Sector BE 11-12 OIS 5b 1951
CN 7856 Young adult right I* Level 3, Sector F 1-2 OIS 3 1953
Postcranial remains
CN 42165 Immature right radius Level 28, Sector E 6—7 OIS 4 1951
CN 42166 Immature right fourth metatarsal Level 11, Sector E 3-5 OIS 4-3 1951
CN 42167 Immature right third metatarsal Level 13, Sector E 3-5 OIS 4-3 1951
CN 42168 Wistal 2/3 of an immature right femur Level 3, Sector G 2-3 OIS 3 1953
CN 42169 Proximal 173 of an immature right femur Level 3, Sector G -3 OIS 3 1953
CN 42171 Wistal 1/3 of an immature fibula Level 17, Sector B 7-8 OIS 3 195¢
CN 42318 Wistal 173 of an adolescent right femoral diaphysis Level 13, Sector B 6—7 OIS 4 1950

and the presence of indigeneus (i.e., limestene) elements in the
sedimentary fill. This phase ceincides with levels 14 and 13
and cerrespends te Wiirm I (@IS Sd-b).

Ceva Negra Phase C was warm with seasenal rainfall, al-
lewing seil fermatien. This phase cerrespends te the Wiirm
I—N interstadial (@IS Sa) and ceincides with level 12. Twe
TL dates have been ebtained that previde unusually early
ages of 96 + 14 and 107 + 16 theusand years.

Sedimentary evidence indicates that Ceva Negra Phase D
was a celd stage, including precesses of gelifractien, which al-
ternate with milder pulses. This phase cerrespends te Wiirm K
(@IS 4) and cerrelates with levels 11—S.

Ceva Negra Phase E was warm and characterized by sea-
senal precipitatiens, which again stimulated seil fermatien.
This phase is identified in the west secter of level 4 and
cerrespends te Wiirm N—IN (@IS 3). Twe TL dates exist,
previding ages of S3 +8 and 50 + & theusand years.

Ceva Negra Phase F was the final ene at the site and is cap-
ped by a level of disturbed sediments of variable thickness.
This phase is characterized by celd and dry climatic cendi-
tiens, which are manifested by the presence eof fine-grained
sediments. Phase F ceincides with levels 3—1 decumented in
the western secter of the cave. Altheugh repeated attempts
te date levels 2 and 3 by '*C AMS and U-Series analysis
have been unsuccessful, this phase mest likely cerrespends
te the initial Wiirm K1 based en its relative pesitien within
the stratigraphic sequence.

The Moeusterian lithic industry frem the different levels
in Ceva Negra is quite uniferm, and is everwhelmingly
deminated by side scrapers. The variatien in reductien se-
quences and typelegical categeries of the assemblage, in ad-
ditien te the increased eor decreased presence ef certain
types eof scrapers, makes it pessible te identify a stene-
teel industry in the lewer levels that easily cenferms type-
legically te the Quina variant ef the Meusterian, with the
netable presence of limaces, canted side scrapers, deuble
side scrapers with a thinned back, and Tayac peints, as
well as denticulates and netched pieces (Phases B and C,
levels 14—12). An increase in the use of the Levalleis tech-
nique, asseciated with a less ef typelegical diversificatien,
with a greater deminance eof side scrapers and flat supperts,
allews us te identify the existence ef a Paracharentian var-
iant during @IS Sb (Phase D, level 11). This is fellewed by
a thick packet of sediments with a stene-teel industry as-
cribed te the Quina variant (Phase D, levels 10—6), but ef
a larger size than that seen in the lewer levels. Teward
the end of @IS 4 and during @IS 3, a Paracharentian industial
variant reappears, again shewing an abundance ef side scrapers
and a mederate presence of the Levalleis technique (Phases D
and E, levels 5—4). Finally, the stene teels in the upper levels
(PhaseF, levels 3—1) alse cerrespend te aParacharentian variant
of the Meusterian, similar te the preceding level 4 in beth the
high percentage ef side scrapers and mederate presence ef the
Levalleis technique.
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Fig. 3. Swatigraphic posision of the Cova Negra human remains.

This final Meusterian at Ceva Negra shews ne technelegi-
cal changes teward the Upper Paleelithic that weuld allew us
te speak of a wansitienal industry er even of an Upper Palee-
lithic influence. In fact, the late Meusterian frem Ceva Negra
is remarkably censervative, being deminated by side scrapers
and a lew laminar cempenent. The few Upper Paleelithic im-
plements, which derive frem the uppermest level of disturbed
sediments, cerrespend te later phases and indicate that the sed-
iments in Ceva Negra de net preserve evidence of the earliest
Upper Paleelithic stages and the arrival of medern humans in
this regien of the Iberian Peninsula.

Cranial remains
Altheugh the state of preservatien of mest eof the new cra-

nial remains is quite geed, their fragmentary natare limits the
cellection of metric data.

Parictal Il (Figs. 4, 5)

Parietal K frem Ceva Negra represents appreximately the
central/pesterier half ef a right parietal bene, with a maximum

length of 97 mm (Fig. 4). @nly 35 mm ef the sagittal suture
are preserved, cerrespending te the regien of the parietal fera-
men. The sagittal suture in the regien of lambda is irregular,
which makes it difficult te precisely lecate this craniemetric
peint and suggests the existence of a lambdeidal essicle.
Beth the external and the endecranial surfaces shew signifi-
cant taphenemic alteratiens, with an almest cemplete less of
beth tables and a censequent reductien in bene thickness.
The maximum bene thickness, 6.2 mm, is ebtained in the an-
terier regien of the fragment, at the level of the fissure of
Relande, and the thickness at the parietal pretuberance is
5.5 mm.

Due te the taphenemic alteratien ef the endecranial table,
enly a few vascular impressiens can be discerned en Parietal
K. It is pessible te identify part ef the ceurse of the lambdeidal
branch ef the meningeal system, with ene ef its derivatives,
and the cerrespending pertien ef the superier sagittal sulcus,
which runs parallel te the preserved segment ef the sagittal
suture.

Despite the ebvieus difficulties, given that enly a part ef the
sagittal suture is preserved, we believe it is pessible te attri-
bute a subcircular prefile in norime occipitalis te the parietal
vault of which Parietal N fermed a part (Fig. S). The regularity
of the curvatures in the preserved fragment and the absence of
a distinct parietal pretuberance lead us te this cenclusien since
these are traits that characterize the subcircular pattern in Ne-
andertal parietal vaults. In this regard, the adelescent Parietal
K is similar te the adult Parietal I frem Ceva Negra (Arsuaga
et al., 1989ab).

Fronta! and parictal fragments (CN 42164 a, b) (Fig. 6)

These twe fragments were assigned the same specimen num-
ber (CN 42164) in the field, but ne anatemical cennectien exists
between them, and it is net clear if they represent the same indi-
vidual. Given this reservatien, we have labelled the frental frag-
ment CN 42164a and the parietal fragment CN 42164b.

Specimen CN 42164a is a left fragment of frental squama
that dees net reach the midsagittal plane. Its maximum dimen-
siens are 43.7 mm in the sagittal plane and 34.3 mm in the cer-
enal plane. Part of the maxillary precess is preserved en the
left side, as well as 5.3 mm eof the berder of the erbit. @n
the mest medial part of the maxillary precess, an ethmeid-
frental air cell (5.5 mm x 2.8 mm X 1.3 mm) can be seen.
The bene thickness en the frental squama at the mest cerenal
peint preserved (en the natural fracture) is 3.6 mm. In the re-
gien cerrespending te the supraerbital terus, a change in celer
can be seen due te the elevated peresity in this area; the max-
imum thickness is 7.1 mm. @n the mest medial part of the in-
cipient terus, there are twe nutrient feramina. The merphelegy
of the preserved squama is evenly cenvex, and, unlike medern
immature specimens, there is ne appreciable lateral pretuber-
ance. @n the internal face, several cerebral impressiens are
visible, twe of which are sagittally elengated and ceuld cer-
respend te part ef the first and secend frental cerebral
cenvelutiens.



Fig. 4. The Cova Negra Parietal II in external (left) and endocranial (right) views. The sagittal suture is visible along the superior margin of the specimen.

Scale =5 cm.

Specimen CN 42164b is a parietal fragment ef indetermi-
nate side with a rectangular shape and maximum dimensiens
of 22.5 mm by 212 mm. @n the external face, the presence
of a fine striatien leads us te situate it in the regien ef the
parietal pretuberance. Bene-thickness values vary between
33 mm and S.1 mm.

Parietal fragment (CN 42170-7310) (Fig. 7A, F)

This is a fragment of the lambdeidal regien of a left parietal,
lacking lambda and asterien. Externally, the maximum dimen-
siens are 56.8 mm in the sagittal direction and 44.1 mm aleng
the lambdeidal suture. In its lewer half, an elengated, shallew
depressien can be ebserved parallel te the lambdeidal suture,
which ceuld be interpreted as part of the paralambdeidal depres-
sien. The thiclness of the bene aleng the suture is 4.2 mm and
reaches 4.5 mm in the regien of the parietal pretuberance.

Beth the external and endecranial surfaces are well
preserved. @n the endecranial face, in additien te several im-
pressiens, a small part of the ebelic branch ef the middle menin-
geal artery, as well as secendary greeves frem the lambdeidal
branch, can be seen. @n the external face, striatiens are visible
radiating frem the parietal pretuberance; there are ne indicatiens
of synestesis aleng the preserved length ef the lambdeidal su-
ture. This fragment articulates aleng the lambdeidal suture
with the eccipital fragment CN 42170-7312 (Fig. 7).

Parictal fragment (CN 42170-7311) (Fig. 7D, G)

This specimen is a left parietal fragment preserving part ef
the cerenal suture and cerrespending te the lewer third ef the
bene, altheugh it deesn’t reach pterien. The length ef the pre-
served suture is 154 mm, while the sagittal and cerenal
lengths are 56 mm and 43.5 mm, respectively. Bene thickness

Fig. 5. Reconswuction of the parietal vault in Cova Negra Parietal II by mirror-imaging showing the subcircular profile of the specimen in norme posterior.

Scale =3 cm.



Fig. 6. The CN 42164a frontal fragment, preserving the left orbital margin in endocranial (A) and external (B) views and the CN 42164b parietal fragment of

indeterminate side in external (C) and endocranial (W) views. Scale =5 cm.

aleng the suture varies between 3.5 mm and 2.9 mm, while the
rest of the bene presents similar values.

®n the external table, the temperal lines can be discerned
aleng part ef their length, while the endecranial surface presents
marked impressiens and the sulcus fer Breschet’s sinus which
measures 9.5 mm wide. The bregmatic and ebelic branches of
the middle meningeal artery can alse be identified.

Occipital fragment (CN 42170-7312) (Figs. 7B, E, 8)

This specimen is a left eccipital fragment preserving
11.5 mm eof the lambdeidal suture, with maximum diameters
of 49.7 mm by 35 mm. The fragment deesn’t reach the mid-
line, and enly the eccipital plane is represented. The thickness

of the bene at the suture is 4.6 mm, while near the center of the
eccipital squama, the fragment is almest S mm thick. The en-
decranial surface is deterierated at the level of the eccipital te-
rus, and there are ne waces of the transverse sinus, which may
have passed belew the level at which the bene was breken.
This fragment articulates aleng the lambdeidal suture with
the parietal fragment CN 42170-7310 (Fig. 7).

®n the medialmest pertien eof the eccipital fragment, near
the fracture line, there is a marked thickening ef the bene, in-
dicating the presence of an eccipital terus. Abeve this, there is
an irregularly shaped and well-defined depressed area, which
clearly cerrespends te the lateral pertien ef the suprainiac
fessa (Fig. 8). Belew the terus, a cencavity fer the ma. semispi-
nalis capitis can be discerned.

Fig. 7. The CN 42178 series of cranial fragments. The lambdoidal region of a left parietal CN 42176-7318 in external (A) and endocranial (F) views. The left
parietal fragment CN 4217@-7311 in external (B) and endocranial (G) views. The occipital fragment CN 42176-7312 in external (B) and endocranial (E) views.
Note the marked thickening of bone, indicadng the presence of an occipital torus (arrow in E). This specimen ardiculates with CN 42176-7316 along the lambsoidal
suture. The right parietal fragment CN 42176-7313 in external (C) and endocranial (H) views. Note the presence of a cranial suture along the superior and posterior

margin (arrows in C). Scale =5 cm.



The merphelegy ef the suprainiac fessa in the Ceva Negra
eccipital fragment CN 42170-7312 is similar te the cenditien
reperted te characterize the very yeung Neandertal individuals
frem Dederiyeh (2 yr), Rec de Marsal (3 yr), La Chaise Suard,
Engis 2 (6—7 yr), and La Quina H1% (8 yr) (Hublin, 19860;
Madre-Dupeuy, 1992; Akazawa and Muhesen, 2003), indicat-
ing that this feature appears at a very early develepmental age
in Neandertals. At the same time, this anatemical swucture
is absent in the early medern human children Qafzeh 12
(3—4 yr) and Qafzeh 10 (6 yr), as well as the Gravettian spec-
imen frem the nearby site eof Malladetes (5—7 yr) (Tillier,
1999; Arsuaga et al., 2002). Tillier (1999) reperted the pres-
ence of the eutline of a suprainiac fessa in the semewhat elder
(12—13 yr) Q@afzeh 11 individual, but eur examinatien ef
a cast of this specimen dees net suppert this cententien.

While the suprainiac fessa has been cited as a derived
Neandertal feature (Hublin, 1978, Arsuaga et al., 1997), it has
alse been decumented in the African middle Pleistecene spec-
imen Eyasi 1 (Trinkaus, 2004), as well as the Magdalenian med-
ern human specimen frem Rend-du-Barry (Trinkaus, 2002).
Thus, it is apparently net restricted te fessils representing the
Neandertal lineage, but it dees eccur at a much higher
frequency ameng these heminids. Given the Meusterian ar-
chaecelegical centext fer the Ceva Negra specimen, as well
as its late Pleistecene age and western Eurepean geegraphic
lecatien, it is reasenable te assign Neandertal affinities te
this eccipital fragment.

Parictal fragment (CN 42170-7313) (Fig. 7C, H)

This is a right parietal fragment preserved fer 42.9 mm
aleng ene of the cranial sutures. This suture changes direction
aleng its length, with an angle that indicates that the fragment

=uprainiac

il ———

Fig. 8. Wetail of the CN 42170-7312 occipital fragment showing the presence
of the suprainiac fossa. A porson of the lambadoidal suture is preserved on the
left. Scale =2 cm.

ceuld cerrespend te the regien of either lambda er asterien. Al-
theugh neither the external ner endecranial surfaces effer clear
indicaters ef the anatemical pesitien ef the fragment, the pres-
ence en the endecranial surface of a light sulcus aleng the
length ef the sherter suture segment leads us te believe that it
cerrespends te the sagittal suture (with the sulcus cerrespend-
ing te the superier sagittal sulcus) and that the fragment belengs
te the regien of lambda, which is preserved en the fragment.
The dimensiens of the fragment are 42.9 mm aleng the suture
and 37.2 mm perpendicular te this. Bene thiclmess aleng the
suture varies between 4.4 mm and 3.2 mm, and at the furthest
peint en the bene away frem the suture it reaches 4.1 num.

Parictal fragment (CN 42174) (Fig. 9)

This specimen is part eof a right parietal fermed by five
small fragments. The maximum cerenal length ef the fragment
is 59.8 mm and the maximum sagittal length reaches 30.5 mum.
Part of the lambdeidal suture is preserved fer a length ef
22.3 num; asterien and a small pertien ef the parietemasteid
region (18.5 mm leng) are alse preserved. Thickness at aste-
rien is 4 mm; aleng the lambdeidal suture, the fragment
reaches a thickness of 3.1 num, and teward the parietal
pretuberance it measures enly 1.8 nun. @n the external sur-
face, a slight paralambdeidal sulcus can be discerned, as can
the pesterier part of the inferier temperal line. @n the endecra-
nial face, several cerebral impressiens can be seen, as well as
the vascular greeves cerrespending te the lambdeidal branch
of the middle meningeal artery, which enter the parietal
frem the parietemasteid suture.

Parictal fragment (CN 42174a) (Fig. 10)

This is a fragment frem the lambdeidal regien of a left pa-
rietal, with dimensiens ef38.7 num in the sagittal directien and
33.3 mum in the cerenal directien. It preserves 22.7 mm ef the
sagittal suture and 124 mm ef the lambdeidal suture, includ-
ing lambda. The thickness values are 4.2 mm at the sagittal su-
ture, S.1 mm at lambda, 4.4 mm at the lambdeidal suture, and
4.0 mm near the parietal pretuberance. Beth the ectecranial
and endecranial surfaces are well preserved, and en the latter,
a circular depressien (Pacchieni’s granulatien) near lambda
stands eut, as dees the impressien fer the sagittal sinus aleng
the preserved length ef the sagittal suture.

Parietal fragment (CN 42174b) (Fig. 11)

This is a fragment of the central part ef a right parietal, be-
tween the regien of the parietal pretuberance and the sagittal su-
ture, but preserving neither of these anatemical structures. It is
cempesed of three fragments and their maximum dimensiens in
the cerenal and sagittal directiens are 58.8 mm and 33.7 mm,
respectively. The maximum thickness, near the regien of the pa-
rietal pretuberance, is 5.3 mm, and the minimum thickness, in
the regien nearest te the sagittal suture is 3.8 mm. @n the exter-
nal face, twe semicircular depressiens (18.6 mm apart) stand
eut, and have clearly cellapsed the external table ef the bene.



Fig. 9. Five fragments that constitute part of a right parietal CN 42174 in external (left) and endocranial (right) views. Scale =5 cm.

The diameter of the lewer depressien is 2.8 mm. The upper de-
pressien is actually cempesed of twe smaller depressiens (each
measuring 2.7 mm) in the ferm of a figure eight. There are ne
similar depressiens en the endecranial surface.

The merphelegy and dimensiens ef the depressiens en the
external surface indicate that they may represent marks pre-
duced by the canines of a small carnivere. The separatien be-
tween the canines and the diameter of the depressiens disceunt
camiveres the size of a fex er lynx, as well as small mustelids,
such as a sable, but they are cempatible with the values fer
badgers (N. Garcia, persenal cemmunicatien), whese centact
with these benes must have been pestmertem.

Age at death and minimuim number of individuals

The age at death ef the cranial remains is difficult te estab-
lish with certainty, but a relative develepmental stage can be
established within the sample based en the bene thickness. De-
spite the fragmentary nature ef mest of the fessils, it is pessi-
ble te measure the bene thickness at the parietal pretuberance
in many specimens.

The thiclmess at the parietal pretaberance in the adult spec-
imen Parietal I is the largest in the sample and is clese te the
upper limit ameng adult Neandertals (Arsuaga et al.,, 1989ab).
All of the remaining Ceva Negra cranial remains that can be

cempared shew smaller values fer the thickness at the parietal
pretuberance cempared with the Parietal I specimen.

The CN 42174 specimen is thinner than any ef the
other Ceva Negra specimens. The value fer this specimen
(1.8 mm) is well belew the mean value in a sample of Neander-
tal children (Madre-Dupeuy, 1992) and teward the lewer end of
the range of variatien (mean =34 mm; sd. =1.3; range =
1.3—4.5 mm; n =5). The rest of the Ceva Negra specimens
shew a range ef thiclness values (4.0—5.5 mm) that everlaps
the upper limit ef the immature Neandertals and the lewer
limit of a sample of Neandertal adults (mean = 8.3 mm;
sd. =17, range=5.0—113 mm; n=12) (Welpeff, 1980).
Ameng these specimens, the value fer Parietal K is the largest.
As mentiened previeusly, this specimen has suffered pestmer-
tem alteratien te the external table, and the bene thiclmess
sheuld be censidered te represent a minimum value. This sug-
gests that Parietal K cerrespends te a later develepmental stage.

Thus, in additien te the adult specimen Parietal I (Arsuaga
et al., 1989ab), three relative develepmental stages can be es-
tablished within the cranial remains. The earliest stage is rep-
resented by CN 42174 and the latest by Parietal II. Based en
the grewth trajectery ef parietal thickness (Trinkaus, 2002),
it is pessible te tentatively assign reugh age categeries fer
seme of the Ceva Negra specimens. Fer the thinnest specimen,
CN 42174, an age eof areund 2 years is suggested. The

Fig. 18. Fragment of the lambdoidal region of a left parietal CN 42174a in external (left) and endocranial (right) views. Note the presence of the sagittal suture
superiorly and the circular depression on the endocranial face near lambda (arrow). Scale =15 cm.



Fig. 11. Three cranial fragments cons#tunng the cenwal part of a right parietal CN 42174b in external (left) and endocranial (right) views. The external face shows

two semicircular depressions, possibly caused by a small camivore. Scale =5 cm.

intermediate greup weuld fall between S and 8 years of age,
and Parietal I ceuld represent either an adelescent er a gracile
adult.

Finally, within the greup ef cranial fragments whese sug-
gested age at death may fall between S5 and 8 years, there
are at least twe individuals represented, based en the repetition
of skeletal parts. The regien of lambda is preserved en the left
parietals CN 42170-7312 and CN 42174a. Therefere, the min-
imum number of individuals (MNI) represented ameng the
cranial remains is five.

Dental remains

The Ceva Negra dental remains include five decidueus
and permanent teeth, representing three different individuals
(Arsuaga et al., 1989ab; Bermidez de Caswe, 1992). Nean-
dertal affinities have been suggested fer the I' (CN 7856),
based en the preneunced sheveling, lingual tubercle, and
reet length, and the fer dm, (CN 7755) based en the presence
of a pesterier fovea and the teeth dimensiens (Arsuaga et al,,
1989ab). Three remaining teeth, all labeled CN 42175, mest
likely represent a single individual (Bermidez de Castre,
1992). The standard buccelingual and mesiedistal dimensiens
feor all the Ceva Negra teeth have been published previeusly
(Arsuaga et al,, 1989ab; Bermidez de Castre, 1992).

Recently, the M" in Neandertals has been shewn te pessess
derived characteristics that make it pessible te assign iselated
specimens taxenemically (Bailey, 2004). Here we previde the
analysis ef the CN 42175 M" measured crewn and cusp base
areas, fellewing pretecels established in previeus studies
(Weed and Engleman, 1988; Bailey, 2004). Further, given
the recent identificatien of pessibly derived Neandertal charac-
teristics in several teeth (Bailey, 2002, 2004; Bailey and
Lynch, 2005), we alse previde the measured crewn area and
the cusp base areas for all of the Ceva Negra pestcanine teeth
fer future cemparative studies.

The areas of the crewn and individual cusps were measured
in ecclusal phetegraphs with a calibrated scale fellewing the
techniques of previeus studies (Weed and Engleman, 1988;
Bailey, 2004) (Fig. 12). The individual cusps were defined
by tracing the teeth perimeter and main intercuspal fissures.
In the case ef the eccurrence of accessery cusps, their areas

were divided between the adjacent main cusps. @bvieusly, ad-
vanced teeth wear can beth ebscure the intercuspal fissures
and reduce the mesiedistal dimensiens, and this technique is
mest reliable en teeth that exhibit enly minimal wear. Fertu-
nately, the Ceva Negra P* and M' are minimally wern, due
te the yeung age at death, and the recegnitien ef the individual
teeth cusps is relatively swaightferward. Fer the decidueus
teeth, when the intercuspal fissures did net extend te the teeth
margin, they were prejected based en the ceurse of the fissure
befere they became ebscured. Cerrectiens fer interpreximal
wear aleng the teeth margins were made by tracing the
main centeurs ef the eutline of the teeth and censidering the
buccelingual extent ef the mesial wear facet. Finally, mea-
sured crewn area was calculated by summing the areas eof all
the individual cusps.

The Ceva Negra M! (CN 42175) measured crewn area is
110.8 mm?. Unfertunately, data fer the measured crewn area

Fig. 12. The Cova Negra M'(CN 42175) in occlusal view, showing the outline
of the occlusal polygon. Scale =1 cm.



in Neandertals and early medern humans is net currently avail-
able in the literature. Hewever, cemparisen with the Parpalld 1
Selutrean medern human specimen (96.9 mm?), frem the same
geegraphical regien ef the Iberian Peninsula (Arsuaga et al.,
2001), indicates that this individual has undergene a degree
of dental reductien cempared with Ceva Negra. The value in
Ceva Negra is alse slightly larger than the mean areas reperted
te characterize medern human males (184.5 + 8.5 mm?) and
females (97.0 + 10.3 mm?), but it is within the range ef vari-
atien (Mache and Meggi-Cecchi, 1992).

In their relative cusp base areas, Neandertals have been
repertcd te shew a reductien in the metacene and an increase
in the size of the hypecene cempared with Upper Paleelithic
and centemperary medern humans (Bailey, 2004). The Ceva
Negra M' (Table 2) mest clesely resembles the mean values
in the Neandertal sample in all ef its relative cusp areas
and shews the fellewing erder of cusp size: pretecene >
paracene > hypecene > metacene. The Selutrean medern hu-
man specimen frem Parpalld has a slightly larger pretecene,
a slightly smaller paracene and metacene and a similarly sized
hypecene and has the same cusp erder as in the Ceva Negra
M' (Table 2). Altheugh beth the relative sizes of the cusps
and the cusp erder seen in Ceva Negra is mest censistent
with a Neandertal taxenemic assignment, the degree of ever-
lap in relative cusp areas between samples makes the pattern
seen in Ceva Negra nendiagnestic.

Regarding the M' cusp angles, Neandertals are character-
ized by a higher value fer the angle centered en the metacene
(Angle C) and relatively lewer values fer the angles centered
en the paracene (Angle B) and hypecene (Angle D) cempared
with centemperary medern humans; the angle centered en the
pretecenc (Angle A) shews little difference (Bailey, 2004).
The Ceva Negra M' (Fig. 12) shews a high value fer Angle
A, lewer values for Angles B and D and enly a medest value
fer Angle C (Table 3). The value feor cusp Angle C (the mest
diagnestic) is just slightly mere than ene standard deviatien
belew the Neandertal mean and similar te the twe Upper
Paleelithic medern human individuals. Unfertunately, the
Parpalld 1 specimen was tee wern te reliably identify the erig-
inal pesitiens ef the cusp tips, and thus the cusp angles ceuld
net be measured in this individual. The values fer Angles B
and D in the Ceva Negra M' mere clearly align the specimen
with Neandertals.

The ecclusal pelygen area in the Ceva Negra M' (Fig. 12)
is defined by cennecting the main cusp tips and measuring the

enclesed area (Bailey, 2004). Cemparisen ef this ecclusal
pelygen area with the measured crewn area gives an estimate
of the internal placement ef the cusp tips, a feature said te be
characteristic of Neandertal upper (Smith, 1989a; Bailey,
2004) and lewer (Tattersall and Schwartz, 1999) decidueus
and permanent first melars. The Ceva Negra M' clearly shews
these internally placed cusp tips (Table 4), and the relative ec-
clusal pelygen area (26.9) is nearly identical te the Neandertal
mean value, falling eutside the knewn ranges of variatien in
ether heminids. This is the mest diagnestic indicater of Nean-
dertal affinities fer the Ceva Negra M'.

Ne cemparative data are available fer abselute er relative
cusp sizes or measured crewn area in the decidueus teeth. Nev-
ertheless, seme general cemments can be made. Cempared
with the M', the Ceva Negra dm? (CN 42175) shews a rela-
tively larger metacene and smaller paracene, while beth the
pretecene and hypecene are similar in their relative sizes.
Whether a primitive er derived merphelegy in the relative
size of these cusps exists in the dm? is currently net knewn,
and enly further detailed studies of the decidueus dentitien in
the genus Homo can clarity this questien.

Regarding the cusp angles in the Ceva Negra dm?, Angle A
(112.8*) and D (70.7°) are quite similar te these in the M,
while the value fer Angle B (79.7°) is much higher and that
for Angle C (96.8*) is much lewer (Table 3). In the absence
of cemparative data, the meaning ef these differences are
net clear, but it appears that this teeth dees net shew the
distinctive pattern ef cusp angles seen in the Neandertal M’
(Bailey, 2004).

At the same time, the Ceva Negra dm” shews a very lew
value fer the relative ecclusal pelygen area (24.7), lewer
than in the Ceva Negra M' and belew the Neandertal mean
(Table 4), suggesting its cusp tips are relatively internally
placed. A marked internal placement ef the cusp tips has
alse been described in the dm” of the La Ferrassie 8 Neander-
tal infant (Schwartz and Tattersall, 2002). The Ceva Negra M!
and the dmz, then, fellew semewhat different patterns in
relative cusp size, and cusp angles, but beth shew a relatively
internal placement ef the cusp tips. Given the sweng develep-
mental cerrelatien between the M' and the dm?, this is perhaps
net surprising (Smith, 1989b).

The measured crewn area in the Ceva Negra P* (CN 42175)
is 55.8 mm? (Table S) and the relative areas ef the pretecenc
(49.1%) and paracene (50.9%) are reughly equal. The
Ceva Negra dm, (CN 7755) shews the fellewing size erder

Table 2

M relative cusp base areas in Cova Negra and several comparative samples*

Specimen/sample Protocone (%) Paracone (%) Metacone area (%) Hypocone area (%) Source
mean (s.d.) mean (s.d.) mean (s.d.) mean (s.d.)

CN 42175 293 259 21.3 235 Present study

Neandertals (n = 15) 296 (2.6) 254 (2.3) 21.1(1.7) 239 (22) Bailey (2004)

Qafzeh (n=3) 295 (3.1) 23.5(0.8) 19.6 (0.1) 274 (2.9) Bailey (2004)

Upper Paleolithic modern humans (n = 6) 30.7 (1.7) 259 (39) 235(122) 206 (40) Bailey (2004)

Parpalld 1 3268 244 202 234 Present study

Contemporary modemn humans (n = 62) 31.6(21) 258 (2.1) 229 (1.9) 203 (24) Bailey (2004)

* Totals may not sum to 108 due to rounding.



Table 3

M cusp angles (in degrees) in the Cova Negra specimen and several comparative samples*

Specimen/Sample Angle A (protocone)

Angle B (paracone)

Angle C (metacone)

Angle ® (hypocone)

mean (s.d.) mean (s.d.) mean (s.d.) mean (s.d.)
CN 42175 114.7 66.3 116.1 69.¢
Qafzeh (n=3) 106.6 (9.7) 726 (1.4) 104.9 (32) 76.5 (8.9)
Neandertals (n = 16) 106.4 (5.0) 65.1 (6.9) 120.9 (16.1) 67.7(7.1)
Upper Paleolithic modern 185.8 70.6 110.3 733
humans (n=2)
Contemporary modem 1013 (16.1) 742 (4.9) 186.1 (5.5) 78.4 (7.7)

humans (n=24)

™ Comparative data are from Bailey (2004).

of the main cusps: metacenid > pretecenid > hypecenid >
hypecenulid > entecenid (Table S5). The ecclusal pelygen
area defined by the five majer cusps is 25.2 mm® and the
relative ecclusal pelygen area, adjusted fer measured crewn
size, is 35.8.

Thus, the Ceva Negra M! has revealed clear Neandertal af-
finities in its relative ecclusal pelygen area. @ther measures in
this same teeth preved less diagnestic, but are cempatible with
a Neandertal classificatien. Altheugh there are currently ne
cemparative data available, the dm?” alse appears te shew an
internal placement eof the cusp tips and this ceuld indicate Ne-
andertal affinities in this teeth as well. Given that beth teeth
have been attributed te the same individual (Bermudez de
Castre, 1992), this weuld suggest that beth the decidueus
and permanent teeth have “tracked” ene anether merpheleg-
ically (Smith, 1989b).

Postcranial remains

A tetal of seven pestcranial remains’, all representing im-
mature individuals, derive frem the Maeusterian levels eof
Ceva Negra (Table 1). In general, the state of preservatien is
geed, with little eresien of the surface and/er ne impertant les-
ses of bene. The best-preserved specimens are a right femur,
cempesed of twe pieces (CN 42168 and CN 42169), which
we have designated Femur I; a right radius (CN 42165); and
twe metatarsals (CN 42166 and CN 42167). The remaining
twe fessils are a distal fibular fragment (CN 42171) and a distal
femeral diaphyseal fragment (CN 42318).

Readius (CN 42165) (Figs. 13, 14)

This is a cemplete right juvenile radial diaphysis that has
been breken inte twe pieces and is missing beth unfused epi-
physes. The twe fragments perfectly articulate at the level of
the nutrient feramen, and the break is perpendicular te the
diaphyseal axis. The state of preservatien is very geed, with
enly slight eresien in the preximal regien of the diaphysis.

! Ina preliminary study, Arsuaga et al. (2081) included a vertebral fragment
(CN 42163) within the human remains from Cova Negra. Further study has
revealed this vertebral fragment to be nonhuman and it has been removed
from the human sample.

Age at death. Determining the age at death in fessil individ-
uals is always difficult and is further cemplicated in the case of
iselated pestcranial elements. Since the unfused epiphyses
were net preserved, we have relied en the maximum interme-
taphyseal length te appreximate the age at death in this spec-
imen using data derived frem living pepulatiens (Kregman
and Iscan, 1986; Bass, 1987; Scheuer and Black, 2000). Fer
cemparative purpeses, we have alse studied the radii in a den-
tally aged skeletal sample of 18 medieval Spanish children be-
tween the ages of ene and six years at death (Table 6). Te
study the age-related changes in the radius, we have farther
split this sample inte twe greups accerding te age, ene greup
with individuals between 2 and 3.9 years and a secend greup
with individuals between 4 and 6 years.

The value of 119.4 mm in Ceva Negra weuld cerrespend te
an age at death of 3.5—4.0 years, depending en the sex of the in-
dividual (Scheuer and Black, 2000). An age at death of areund 4
years can alse be estimated fer this specimen, with a 95% preb-
ability ef being between 3—5 years, using data frem Kregman
and Iscan (1986), while the data in Bass (1987) yield a semewhat
elder estimate of 4.5—5.5 years. Finally, cempared te the medi-
eval Spanish sample, the radial length in Ceva Negra is similar te
the mean value in the elder greuping ef children between 4 and 6
years of age, and within this greup is mest similar te these indi-
viduals between S and 5.5 years eld. @®n balance, relying en
medern human standards suggests an age at death of 4—5 years
for this Ceva Negra individual.

Hewever, given that adult Neandertals have relatively shert
radii (Trinkaus, 1983), it is impertant te censider the entege-
netic trajectery ef this characteristic when estimating an age
at death in juvenile Neandertals based en radial length. It is
pessible that the age at death ceuld be underestimated in im-
mature Eurepean Neandertal individuals when medern human
reference standards fer radial length are empleyed.

Table 4
M relative occlusal polygon area in the Cova Negra specimen and several
comparaive samples*

Specimen/sample n Mean s.d. Range
CN 42175 1 269 = —
Qafzeh 3 331 35 29.6-36.6
Neandertals 12 26.8 1.8 245-305
Upper Paleolithic modern humans 2 343 = 31.8—36.8
Contemporary modern humans 24 378 5.4 270504

* Comparative data are from Bailey (2004).



Table 5
Measured crown areas and relative cusp base areas in the Cova Negra teeth

Specimen Tooth  Measwred crown  Protocone/protoconid  Paracone  Metacone/metaconid  Hypocone/hypoconid  Entoconid  Hypoconulid
area (mmz) area (%) area (%) area (%) area (%) area (%) area (%)

CN 42175 P 558 49.1 5.9

CN 42175 am? A5S 277 234 26.0 2209

CN 7755 am, 764 271§ 234 207 16.5 17.9

In light ef this, cemparisen with ether late Pleistecene juve-
nile fessils (Table 6) fer which a dental-age determinatien is alse
pessible isperhaps mere apprepriate. The Ceva Negra specimen
is much lenger than beth the Neandertal children Dederiyeh 1
(ca. 2 yr) (Kende ct al., 2000; Kende and Dede, 2002; Sasaki
et al, 2002) and Rec de Marsal (ca. 3 yr) (Tillier, 1983;
Madre-Dupeuy, 1992). Unfertunately, La Ferrassie 6, with
a pestcranial age estimated at 3—S5 years (Heim, 1982a; Temp-
kins and Trinkaus, 1987), lacks a cemplete radius. The Ceva
Negra specimen 1is leng cempared with the 4.0—
4.5S-year-eld medern human individual Skhul 1 (103 mm)
(McCewn and Keith, 1939), as well as the 4—S-year-eld Lagar
Velhe child frem Pertugal (105.5 num) (Hillsen, 2002; Helliday
et al., 2002; Trinkaus et al., 2002a). Altheugh data are scarce,
these cemparisens clearly suggest asemewhatelder age at death
fer the Ceva Negra specimen, perhaps 5—6 years.

Fig. 13. The Cova Negra radius (CN 42165) in (left to right) posterior, medial,
anterior, and lateral views. Scale =5 cm.

The entegenetic appearance ef radial shertening in Nean-
dertals is currently difficult te determine due te the significant
variatien apparent in the very few specimens in which it can be
accurately measured. The neenatal Neandertal specimen La
Ferrassie 4bis shews a radial length (56 mm) that dees net dif-
fer frem that ef medern human neenates (Heim, 1982a; Sche-
uer and Black, 2000). Nevertheless, the brachial index in this
same specimen (76.2) is significantly lewer than the values re-
perted fer living human neenates (Heim, 1982a), suggesting
a relatively, but net abselutely, shertened radius. The slightly
elder Rec de Marsal infant alse shews a lew brachial index
(71.1), and when the data fer radial length in medern human
children (Scheuer and Black, 2000) are applicd te the Rec
de Marsal child, the resulting age estimate (1.5 years) is in-
deed significantly lewer than that estimated based en the den-
titien (ca. 3 years), suggesting a relatively shert radius in this
individual (Madre-Dupeuy, 1992). Hewever, the Dederiyeh 1
Neandertal child (ca. 2 years old) frem seuthwestern Asia
decs net seem te fellew this pattern, and the age at death es-
timated frem the radial length (Scheuer and Black, 2000) ce-
incides with that estimated by dental fermatien (Kende et al.,
2000; Kende and Dede, 2002; Sasaki et al., 2002). The bra-
chial index in Dederiyeh 1 (right=78.7, left=76.3) is alse
relatively high, abeve the mean in three samples of medern
human children (Kende and Dede, 2002).

Kende and Dede (2002) neted that the differences between
Rec de Marsal and Dederiyeh 1 weuld represent a wide range
of variatien in the brachial index ameng immature Nean-
dertals, a situatien alse seen ameng adult Neandertals and in-
terpreted as a preduct ef ecegeegraphic variatien (Trinkaus,
1981, 1983; Heim, 1982b; Helliday, 1997, 1999; Helliday
and Ruff, 2001). The Eurepean centext of the Ceva Negra

Fig. 14. Cross section of the Cova Negra radius (CN 42165) at the level of the
break. Scale=2cm.



Table 6

Measurements of the Cova Negra radius compared with Neandertals and modem human juveniles

Cova Negra Roc de Marsal® La Ferrassie 6° (B yr) Pederiyeh 1’ 2y Recent children®  Recent children®
Gyr) Gy right left right left 28-39y) G5
right left right mean +s.d.  right mean +s.d.
(n=5) (n=13)

Maximum length (M1) 119.4 210 97.6 LAY 1008 £5.8 115.6 £13.3

M-L (wansverse) head 100 16.1 1.9 97 1062 +14 11.2+15
diameter (M4.1)

A-P (sagittal) head 1¢.5 98 16.1 1.2 166 1.4 11.8+17
diameter (M5.1)

Neck A-P diameter (M5.2) 7.9 7.9 7.5 20105 163+ 15

Neck M-L diameter (M4.2) 7.4 8.2 8.6 20105 161+ 1.4

Neck-shape index 93.7 1038 106.6 1008 £6.8 96.7+5.7
(M4.2/M5.2) ML/AP

Neck length® 07 59+18 6.7+ 16

Neck length or 15.9 95 14.8 13.5? 12.9? 128 +1.7 15.1+26
head—tuberosity
distance M1a)

Relative neck length 13:3 10.4 12.7+1.3 12.6+1.6
M1a/M1)

Collodiaphyseal angle 167* 173* 17¢° 167* £ 6.5° 169.8* £4.5°
(degrees) (M7)

Midshaft M-L 8.4 79 7.5 7. 7.4 83+1.1 20113
diameter (M4a)

Midshaft A-P diameter (MSa) 5.8 5.4 5.e 5.5 52 62+05 69+13

Midshaft perimeter (M5.5) 226 215 200 220 215 215 238+16 26.0+34

Robusticity index (MS5.5/M1) 18.4 236 220 226 23606 223+ 16

Piaphyseal index (M5a/M4a) 69.¢ 68.4 66.6 78.6 703 746+7.1 77.86+£87

M-L width of distal 18.3 1557 16.4 16.6 151+1.8 173+2.1
epiphysis (MS5.6)

Thickness (A-P width) 1.5 112 12.¢ 11.6 168+ 0.5 12.8'+=ul. 3
of distal epiphysis

Relative size of 249 295 2901 297 257+06 249109
distal epiphysis
(M5.6 + thick)/M1

External curvature 921 695 +14.5 809+ 160.0
chord (M6.1)

External curvature 3.1 1.8+605 18+ 608
subtense (M6)

External curvature index 3.4 25+604 21+08
M6/M6.1) x 108

Cortical thickness at level 25
of fracture (anterior)®

Corucal thickness at level 2.4
of fracture (posterior)s

Corucal thickness at level 34
of fracture (medial)®

Cormical thickness at level 3.0

of fracture (lateral)®

Linear measurements are in millimeters.
1 Madre-Bupouy (1992).
2 Heim (1982a,b).
* Kondo and Dodo (2002).
¢ Bentally aged medieval skeletons from San Pablo Monastery (Spain).

5 Taken as in Senut (1981); variable N*2. Taken from the superior margin of the head to the most proximal point of the radial tuberosity (Maia Neto, 1957).
® The fracture is located 5.3 mm from the most proximal point on the bone and 69.¢ mm from the most distal

specimen might suggest that this individual fellews the pattern
described abeve feor the Rec de Marsal infant in having a rela-
tively shert radius fer its age. Nevertheless, the very small
Neandertal child sample renders any firm cenclusiens regard-
ing radial shertening premature, and an age at death of areund
S years for the Ceva Negra specimen is cempatible with that
estimated en the basis ef medern human reference standards

of radial grewth and the evidence available frem ether late
Pleistecene juvenile fessils.

Comparative metric and anatomical description. @ne ef
the mest best-knewn traits of the radius in adult Neandertals
is the medial erientatien ef the radial tuberesity, in centrast
te the mere anterier or anteremedial erientatien in living humans
(Trinkaus and Churchill, 1988). Feur relative pesitiens ef the



tuberesity have been defined based en incemplete radii. In the
immature radius frem Ceva Negra, the radial tuberesity is
clearly aligned with the interesseeus crest (Fig. 13) and is
thus medially eriented. The Ceva Negra fessil is similar te
the Neandertal children Dederiyeh 1, Rec de Marsal, and La
Ferrassie 6 (Heim, 1982a; Madre-Dupeuy, 1992; Akazawa
et al., 1995; Dede ct al., 1998; Kende and Dede, 2002), cen-
firming that this medial erientatien is a Neandertal feature that
appears early in entegeny.

The rebusticity index of the Ceva Negra radius (18.4) is lew
cempared with beth Dederiyeh 1 (22.0—22.6) and Rec de Mar-
sal (23.6). Given the similar values in midshaft perimeter ameng
all of the fessil specimens, this result is due primarily te the dif-
ferences in radial length. The rebusticity index in Ceva Negra is
mere than twe standard deviatiens belew the medern human
mean in the elder subgreup (Table 6), while beth Rec de Marsal
(ca. 3 yr) and Dederiyeh 1 (ca. 2 yr) have rebusticity indices that
are identical te er very near the mean in the yeunger medern hu-
man subgreup. The medern human samples shew ne statistical
difference between the yeunger and elder age greups in their re-
busticity index, and in centrast te the fessil specimens, beth the
length and the midshaft perimeter increase with age. Altheugh
the sample size is small, the grewth precess in the Neandertal ra-
dial midshaft seems te differ frem that ef medern humans. Nev-
ertheless, it is pessible that cemparisen with medern human
series shewing a shertening ef the radius fer ecegeegraphical
regiens weuld reveal a similar pattern te the Neandertals.

In the Ceva Negra specimen, the diaphysis is semewhat
flattened in the dersevelar directien, yielding a lew diaphyseal
index that is similar te the Rec de Marsal and La Ferrassie 6
Neandertal radii, and appreximately ene standard deviatien
belew the mean eof the elder subgreup ef medieval Spanish
children (Table 6).

Lateral curvature (bewing) of the radial shaft is a characteristic
trait of adult Neandertals, and altheugh it is net very preneunced
in individuals such as Dederiyeh 1 (Kende and Dede, 2002) and
Rec de Marsal (Madre-Dupeuy, 1992), it is well develeped in
Kiik Keba (Vicek, 1973) and La Ferrassie 4bis, 6, and 3 (Heim,
1982a). Cempared with eur samples of medern children, the ex-
ternal-curvature index in Ceva Negra (3.4; see Table 6) is well
abeve the means of beth the yeunger and elder subgreups, which
are nearly identical (2.5 and 2.1). At the same time, the CN cur-
vature-index value is cleser te, but alse abeve, the adult male
and female means (male mean = 320 + 0.6, n = 248; female
mean = 3.15 + 066, n =214) in a large sample of medern hu-
man radii (Maia Nete, 1957). In eur small sample of recent chil-
dren, the shaft-curvature index dees net change significantly
between 1 and 6 years of age, indicating that the adult values
enly appear later in entegeny. The small sample of juvenile Nean-
dertals, including the Ceva Negra specimen, indicates that, en av-
erage, this greup ef heminids is characterized by a mere marked
lateral curvature than recent children ef the same age, but as in
medern humans, the adult values of curvatare (Eurepean Nean-
dertals = 6.1 + 1.3, n =5; Vandermeersch and Trinkaus, 1995)
are enly attained later en in the entegenetic precess.

The angle fermed between the diaphysis and the neck in the
Ceva Negra specimen (167°; Table 6) is semewhat lewer than

in the Rec de Marsal (173°) and La Ferrassie 6 (170°) speci-
mens, but all ef the Neandertal values are similar te the mean
values reperted for medern human children and adults (Carre-
tere et al., 1999).

A relatively leng radial neck is a primitive cenditien ameng
Pleistecene Homo, and it is present in mest Neandertals
(Trinkaus, 1983; Vandermeersch and Trinkaus, 1995), as
well as in Eurepean early and middle Pleistecene fessils (Car-
retere, 1994; Carretere et al., 1999), but net in medern hu-
mans. The relative neck length ef the Ceva Negra radius
MIl1aM1 = 13.3) is similar te that ef Rec de Marsal, @afzeh
10, and Skhul I [ca. 13.3 accerding te Trinkaus et al. (2002a)],
all of which are very similar te the prepertiens ef recent chil-
dren (Table 6) and medern adults (male mean 14.0 0.9,
n=243; female mean 13.7 +09, N=213; Maia Nete,
1957, Carretere et al., 1999). A leng radial neck has been re-
perted te characterize the semewhat elder Hertus 43 (ca. 9 yr),
La Ferrassie 3 (ca. 10 yr), and Macassargues (ca. 13—14 yr)
specimens (de Lumley, 1973; Heim, 1982a). Thus, the leng
radial neck typical ef adult Neandertals appears te develep
at a later age than that represented by the Ceva Negra speci-
men, altheugh mere cemparisens are needed te cenfirm this
hypethesis.

The distal epiphysis ef the Ceva Negra radius is wider than
in Rec de Marsal er Dederiyeh 1, prebably due te entegenetic
age differences. When the width and thiclness values are cem-
bined and cempared with radial length, beth Rec de Marsal
and Dederiyeh 1 shew relatively larger distal epiphyses than
the yeunger subgreup ef medieval Spanish children. In the
Ceva Negra specimen, hewever, the value fer this index
(24.9) is nearly identical te that calculated fer Lagar Velhe 1
(25.1) (Trinkaus et al., 2002a) and is the same as the mean
value (24.9) fer the elder subgreup ef medern children.

Since the age at death ef Ceva Negra falls between yeun-
ger and elder Neandertal specimens, it aids significantly in
elucidating the entegenetic pattern ef several characteristics
in the adult Neandertal radius. The medial erientatien ef
the radial tuberesity appears at a very early age and is pres-
ent in the Dederiyeh 1 individual (ca. 2 yr) frem seuthwest-
ern Asia and in the Rec de Marsal specimen (ca. 3 yr) frem
Eurepe. Thus, the presence of a medially eriented radial
tuberesity in the Ceva Negra specimen is net surprising.
Furthermere, a pattern ef grewth distinct frem that decu-
mented in medern humans ceuld characterize the Neandertal
radial midshaft. Nevertheless, this Neandertal pattern is net
evident in the yeunger individuals, and cemparisens with
a wider range of medern series are necessary te draw a
mere definitive cenclusien. In centrast, the lengthening ef
the radial neck is net present in the Ceva Negra specimen,
but it is apparent in La Ferrassie 3 (ca. 10 yr), indicating
a later entegenetic appearance ef this characteristic. Unfertu-
nately, the relative shertening ef the Neandertal radius cannet
be definitively addressed in the Ceva Negra specimen due te
the censiderable variatien in the currently small sample of
Neandertal children.

Cross-sectional properties. The Ceva Negra radius is frac-
tured perpendicular te the leng axis ef the bene at a peint



cerrespending te S8% ef the maximum length frem the distal
end and shews very thick certical bene in the middle of the di-
aphysis. Altheugh this is net a standard pesitien te measure the
cress-sectienal preperties, it is halfway between the S80% and
65% standard pesitiens defined by Ruff (2000). At this level,
the tetal area of the cress sectien in the Ceva Negra specimen
is 37.4 mm?, the certical area is 34.2 mm?, and the percent cer-
tical area is 91.4% (Fig. 14). The enly cemparative data avail-
able are frem the Lagar Velhe individual (Trinkaus et al.,
2002a), which shews much lewer values for percent certical
area at midshaft (62.3%) and at the 65% level (52.0%), sug-
gesting an impertant difference in certical bene depesitien be-
tween these twe specimens.

The presence of thick certical bene is a well-knewn charac-
teristic of all the representatives of the genus Homo, with the
exception of H. sapiens. While this characteristic is clearly
present in adult specimens, it alse manifests itself at an early
develepmental age in the early and middle Pleistecene hemi-
nids frem the Gran Delina and Sima de les Hueses sites in the
Sierra de Atapuerca (Carretere et al., 1997, 1999), as well as in
very yeung Neandertal individuals such as Kiik-Keba (5—12
menths), Dederiyeh 1 (ca. 2 yr), and La Ferrassie 6 (3—5 yr)
(Vicek, 1973; Heim, 1982a; Trinkaus, 19%83; Ruff et al.
1994; Akazawa et al., 1995; Dede et al., 1998; Kende et al.,
2000). The Ceva Negra specimen cenfirms this early entege-
netic appearance in Neandertals.

Stature estimation. Stature estimatien based en radial
length has been perfermed relying en a regressien equatien
(Telkkd et al., 1962) previeusly applied te the Dederiyeh 1 Ne-
andertal infant (Kende et al., 2000). Given that the sex of the
Ceva Negra individual is unknewn, we have calculated the
stature based en beth male and female individuals and aver-
aged the results, previding a stature estimate of 100.1 cm fer
the Ceva Negra specimen. This value falls ameng the means
for S-year-eld medern children (Marredan et al., 2003; @rtega
and Meléndez, 2003) and, as expected frem the abselute radial
length, is greater than that calculated fer the Neandertal in-
fants frem Dederiyeh 1 (81.7 cm), Rec de Marsal (82.3 cm),
and La Ferrassie 6 (83.4 cm), as well as the early medern
human child Skhul 1 (894 cm) and the Gravettian child
frem Lagar Velhe (94.5 cm).

Fourth metatarsal (CN 42166) (Fig. 15)

This is a cemplete immatare left feurth metatarsal that
exhibits enly slight eresien en the medial face of the base.
Altheugh the distal epiphysis is missing (unfused at the time
of death), the merphelegy ef the distal surface suggests that
the essificatien center of the epiphysis was present. Therefere,
the age at death ef this individual weuld be greater than 2 years.
The maximum length is 34.6 mm (Table 7). Cemparisen ef the
maximum length ef the Ceva Negra metatarsal with that ef
recent humans, as well as published fessil specimens represent-
ing beth Neandertals and early medern humans (Fig. 16), sug-
gests an age at death of between S and & years.

The diaphysis is straight, with ne sign ef tersien, and the
plantar cencavity is slightly deeper than that seen en CN

42167 (see belew). The articular surfaces fer the third and fifth
metatarsals are visible en the medial and lateral faces of the
base, respectively. The preximal face of the base alse shews
the articular surface fer the secend cunciferm. The feurth
metatarsals of Neandertals are very similar te these ef recent
humans (Trinkaus, 1978, 1983), and since the length and
rebusticity ef the bene change during grewth, this metatarsal
offers ne diagnestic taxenemic infermatien. Based en the
similar ages at death, this specimen very likely belengs te
the same individual as the third metatarsal described belew
(CN 42167).

Third metatarsal (CN 42167) (Fig. 17)

This is a juvenile left third metatarsal that exhibits enly
slight eresien en the medial and lateral surfaces at its base.
Since the unfused distal epiphysis is alse missing en this spec-
imen and the essificatien center seems te have been present,
a similar age at death can be estimated fer this bene as fer
the metatarsal CN 42166 (see abeve). The maximum length
of the bene is 34.8 mm (Table 7). Cemparisen eof the maxi-
mum length ef the Ceva Negra metatarsal with these of recent
humans, as well as published fessil specimens representing
beth Neandertals and early medern humans (Fig. 16), again
suggests an age at death ef between S and 8 years.

Fig. 15. The Cova Negra fowrth metatarsal (CN 42166) in lateral (left) and
medial (right) views. Scale=3 cm.



Table 7
Measurements (mm) of the Cova Negra metatarsals

CN 42166 (MT 1V)

Measurement CN 42167 (MT III)

Maximum length 34.6 34.8
Height of the base 11.0 10.5
Width of the base 8.1 7.8
Height of the diaphysis 6.0 5.7
Width of the diaphysis 5.1 5.0
Height of the trochlea 8.7 8.8
Width of the trochlea 5.7 59
Midshaft perimeter 19.0 18.0

The diaphysis is straight, with no torsion and a slight plan-
tar concavity. The articular surfaces for the second and fourth
metatarsals are slightly developed on the medial and lateral
surfaces of the base. The proximal face of the base, which ar-
ticulates with the third cuneiform, can also be distinguished.
As mentioned above with regard to the fourth metatarsal, the
third metatarsals of Neandertals are also very similar to those
of recent humans (Trinkaus, 1978, 1983), and the Cova Negra
metatarsals are thus taxonomically uninformative.

Femur I (CN 42168 and CN 42169) (Figs. 18, 19)

These two specimens form a well-preserved and complete
immature right femoral diaphysis, designated Femur 1. The
fracture along which the two pieces join is perpendicular to
the diaphyseal axis of the bone. Although both of the unfused
epiphyses are missing, the metaphyseal surfaces are perfectly
preserved.

Age at death. As was the case for the radius, maximum
femoral length (M1; Table 8) is the best metric variable to es-
timate the age at death for this individual. Since the unfused
epiphyses were not preserved, the maximum length in Cova
Negra Femur I is equivalent to the maximum intermetaphyseal
length. The length of Femur I (205 mm) falls between the
mean length for the 3-year-old (200.3 mm) and 3.5-year-old
(212.1 mm) categories in Scheuer and Black (2000), and an
age at death estimate of between 2 and 4 years of age is
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indicated by the data reported by Krogman and Iscan
(1986). At the same time, the Cova Negra femoral length is
well above the mean for modern children between 2.5 and 4
years old reported by Madre-Dupouy (1992) and Kondo and
Dodo (2002). Compared with the dentally aged sample of
medieval Spanish children, the maximum length in the Cova
Negra specimen is nearly identical to the mean for the 4—6-
year-old subsample and is slightly more than one standard
deviation above the mean of the 1.0—3.9-year-old subsample.

However, given that limb-length proportions (limb Iength to
stature and between limb-bone lengths) in Neandertals are
different from the average for modern humans (Vlcék, 1972;
Trinkaus, 1981, 1983; Heim, 1982a,b; Madre-Dupouy, 1992;
Dodo et al., 1998; Kondo and Dodo, 2002), the Cova Negra
femur may be short in comparison with modern children of
the same ontogenetic age. Comparison with other late Pleisto-
cene juvenile Homo fossils reveals that the Cova Negra femo-
ral specimen is much longer than the Neandertal specimens
Roc de Marsal (163.0 mm), La Ferrassie 6 (164.0 mm), and
Dederiyeh 1 (159.7 mm), as well as the Magdalenian modern
human specimen La Madeleine 4 (181.0). It is only slightly
longer than Lagar Velho (198—199 mm) and Skhul 1 (ca.
200 mm) (McCown and Keith, 1939), both of which were be-
tween 4 and 5 years of age at death. Cova Negra is also much
shorter than the 6-year-old Qafzeh 10, but the maximum length
in this specimen includes the epiphyses. Thus, it appears that
the best age-at-death estimate for Femur I, based on both mod-
ern human reference standards and comparison with other late
Pleistocene fossil specimens, is around 5 years.

In addition to femoral length, the morphology of the meta-
physeal surfaces provides relevant information for establishing
the age at death. In modern children, the single growth plate of
the femoral neck divides into two separate metaphyseal
growth surfaces for the head and greater trochanter by 2 years
of age (Scheuer and Black, 2000). The femoral neck is well
defined in the Cova Negra specimen, and the size and mor-
phology of the metaphyseal surfaces indicate that the ossifica-
tion centers for the head and greater trochanter, as well as the
distal epiphysis, had already appeared. In extant humans, the
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Fig. 16. Maximum length of the Cova Negra metatarsals compared with early modern humans (Skhul VIII, Skhul I, Qafzeh 21), a Neandertal (Roc de Marsal), and
medieval Spanish children (San Ildefonso 6, 24, and 27). Data are from McCown and Keith (1939), Madre-Dupouy (1992), Tillier (1999), and the present study.



Fig. 17. The Cova Negra third metatarsal (CN 42167) in lateral (left) and me-
dial (right) views. Scale =3 cm.

center of essificatien of the greater trechanter appears between
2 and S years of age, with girls several menths ahead of beys
(Kregman and Iscan, 1986; Scheuer and Black, 2000). Fur-
thermere, the metaphyseal surface of the lewer end changes
with age. By 3 years of age, the lateral surface prejects
mere anterierly than the medial surface, and by 4—5 years,
trechlear and cendylar areas can be distinguished en the meta-
physeal surfaces. Beth ef these cenditiens are seen in Femur 1.
In sum, applying beth metric and develepmental criteria te the
Ceva Negra Femur I suggests an age at death ef areund S
years.

Comparative metric and anatomical description. The feme-
ral diaphysis is net markedly curved in either the anterepeste-
rier or medielateral planes, and distally, the pepliteal area
is enly peerly excavated (Fig. 18). The anterier shaft-
curvature subtense (2.5 mm) is similar te that ef La Ferrassie
6 (2.5 mm), but belew that of Rec de Marsal (5.0 mm) and
Dederiyeh 1 (4.0 num). The index of the subtense te the cherd
length (130 num) in Femur I (1.9%) is alse lewer than in
Dederiyeh 1 (3.4%), but it is much cleser te the mean of a sam-
ple of medern children (1.8%, n=23; Kende and Dede,
2002). The curvature eof the femeral shaft in adult
Neandertals is generally marked, but there is a wide range
of variatien (Heim, 1982b; Trinkaus, 1983). As seen in beth
Ceva Negra Femur I and Dederiyeh 1 (Kende and Dede,

Fig. 18. The Cova Negra Femur I (CN 42168 and CN 42169) in anterior (left)
and posterior (right) views. Scale = 1¢ cm.

2002), the range of variatien in femeral shaft curvature ameng
immature Neandertals seems te be as great as in adult
specimens.

The rebusticity index (the ratie of the midshaft circumfer-
ence te the maximum length) ef Femur I (22.9) is net espe-
cially high cempared with either the mean ef the elder
subsample of medieval Spanish children (22.4; Table 6) er
that reperted by Kende and Dede (2002) fer a sample ef
semewhat yeunger children (3—4 years, mean = 22.6).

The rebusticity index in the immature Neandertals Rec de
Marsal (25.2), La Ferrassie 6 (right =26.2, left =25.9), and
Dederiyeh 1 (27.6) are slightly abeve the mean value eof the
yeunger medern human subgreup (Table 6). At the same
time, the rebusticity index in these specimens is much higher
than these of the early medern human specimen @afzeh 10
(18.8) and the late Pleistecene children of L.a Madeleine 4
(21.5) and Lagar Velhe (right =22.5, left = 22.6) (Table 8).
The rebusticity index gradually declines with age in medern
humans, and the Ceva Negra specimen, as well as the ether
Neandertal specimens, suggests a similar trend.

On the pesterier face of the preximal regien of the diaphy-
sis, a slight depressien cerrespending te the subtrechanteric er



Fig. 19. Cross section of the Cova Negra Femur I atthe level of the break (65%
of bone length). Scale=2 cm.

hypetwechanteric fessa is ebserved. This is a well-lmewn fea-
ture that is present in all the primitive adult and subadult fem-
era tfrem the genus Homio, including all adult and immature
middle Pleistecene femera frem the Sima de les Hueses (SH)
at Atapuerca. In medern humans, this feature is variable but
less frequent than in the fessil femera, and the frequency eof ec-
currence is greater in children and juveniles than in adults
(Aielle and Dean, 1990). In the Ceva Negra specimen, the di-
aphyseal cress sectien belew the lesser wechanter is slightly
platymeric, flattened in the anterepesterier directien, as reflec-
ted by its lew meric index (82.9) (Table 8). Hewever, the large
range of variatien within the fessil subadults dees net fellew
clear taxenemic divisiens, and a similar range ef variatien is
seen in medern human children.

The central regien eof the diaphysis in the Ceva Negra
specimen shews a nearly circular cress sectien, in which the
medielateral diameter is enly slightly greater than the antere-
pesterier diameter. The diaphyseal index at midshatt (pilastric
index) (Table 8) reflects this merphelegy, and the values in the
Ceva Negra, Rec de Marsal, La Ferrassie 6, and Dederiyeh 1
and 2 specimens are all near 100, cenwasting with these ef
Qafzeh 10 (105.6) and Skhul I (112.9), and falling well belew
the means in beth subsamples of medern children (Table &)
(McCewn and Keith, 1939; Kende and Dede, 2002; Kende
and Ishida, 2002). Nevertheless, the values in the early medern
human individual Skhul VIK (94.1; McCewn and Keith, 1939)
and the mere recent specimens frem La Madeleine 4 (96.0),
Lagar Velhe (right =97.9; lett=91.2; Table &), and Yama-
shita-che (100.6; Trinkaus and Ruff, 1996) are similar te these
of immature Neandertals, indicating the presence ef censider-
able variatien in this index.

In the Ceva Negra specimen, the linea aspera is enly faintly
marked, and there is ne indicatien ef a pilaster, which is
nermal in a juvenile of this age. Ameng the late Pleistecene
specimens frem Lagar Velhe (Trinkaus et al., 2002b), La Mad-
eleine (Heim, 1991), and the east Asian Yamashita-che I

juvenile (Trinkaus and Ruff, 1996), the fermer twe de net pes-
sess a pilaster, while in the latter, an incipient femeral pilaster
is present. The reunded cress sectien of the midshaft, the faint
develepment of a linea aspera, and the absence of a pilaster is
the merphelegy ebserved in virtually all immature and adult
Neandertals. @n the centrary, a mere triangular cress sectien
(higher pilastric index) is cemmen in living children and
adults in which the anterepesterier diameter is greater than
the medielateral diameter, and the linea aspera tends te be
well marked and situated en a well-develeped pilaster.

Altheugh there is a marked cenwast between Neandertal
and early medern human adults in the develepment of the pi-
laster, given the ameunt ef geegraphical and chrenelegical
variatien within samples, it is net easy te establish when this
pattern emerged during the ceurse of develepment. Trinkaus
et al. (2002b) suggested that, given the variable values fer Ne-
andertal and early medern human preadelescent pilastric indi-
ces, the adult pattern prebably emerged during adelescence in
beth species. Nevertheless, variatien in the pilastric index in
Neandertal children is much lewer than in the early Homo sa-
piens sample, se the pessibility exists that the adult femeral
pattern was established seener in Neandertals and was mere
variable in medern humans until adelescence. In any event,
the Ceva Negra specimen shews the same reunded cress sec-
tien and absence ef a pilaster (lew pilastric index) that charac-
terizes adult Neandertals.

The neck-shaft angle of Femur I (126°) is clese te these of
ether Pleistecene and recent human children and is unremark-
able ameng the Pleistecene juveniles (Table 8). This value is
alse very similar te these feund in samples of adult medern
human feragers (feur greups) and agriculturalists (11 greups),
and it is belew the means fer six urban adult samples (Trin-
kaus, 1993). Hewever, the neck-shaft angle decreases during
the first decade of life te reach adult values during adeles-
cence, and adult Neandertals exhibit a censistent pattern ef rel-
atively lew femeral neck-shaft angles cempared te mest recent
humansamples, with values clese te the lewer limits of therange
of variatien (Trinkaus, 1993). It is pessible, then, that the neck-
shaft angle in Femur I weuld have decreased with age te reach
the lew values of adult Neandertals (1204° £3.7, n =10,
mean calculated using the raw data frem Trinkaus, 1993). The
decrease in this angle during develepment has been argued te
reflect everall activity patterns (Trinkaus, 1993; Andersen and
Trinkaus, 1998; Trinkaus et al., 2002b), but the significant var-
iatien in living children (Tillier, 1999) makes it difficult te estab-
lish clear functienal/merphelegical interpretatiens related te
physical activities.

The neck of Femur I is alse bread, and the anterepesterier
diameter (20.0 mm) exceeds the supereinferier diameter
(18.5 mm) (Table 8). In centrast, the anterepesterier diameter
is semewhat smaller than the vertical ene in beth ef the sub-
greups eof medern children (Table 8). The neck length, mea-
sured as the direct distance frem the mest medial peint ef the
lesser trechanter te the medial berder of the neck in pesterier
view, is 26.5 mm in Femur I, a very large value cempared
with samples eof recent children. Altheugh values fer neck
length have been reperted for ether immature fessil specimens,



Table 8
Measurements of the immature Cova Negra Femur I compared with Neandertals and early modern and recent humans

Cova Roc de Ferrassie 67 (3—5 y1s)  Dederiyeh 1* Qafzeh 18*° La Madeleine 4° Lagar Velho® (4.2 yr) Recent Recent
Negra Marsal® right left (2 y1) (§ y1) (3 y1) right left children’ children’
(Syr) (B-35yn) right right right (2—3.9 yrs) (4—6 yrs)
right left (n=28) (n=14)
mean + s.d. mean £ s.d.
Maximum length (M1) 2056 163.¢ 164.¢ 164.¢ 159.7 260.¢ 181.¢ 198.¢ 199.¢ 1739 £282 2046+274
Physiological length (M2) 2036 2538 186.¢ 169.3+279 2038 £276
A-P neck diameter (M16) 206 190 18.9 14.7 14.2 165+ 14 162 £2.¢
S-I (vertcal) neck diameter (M15) 18.5 19.7 17.8 16.4 16.3 17.1+ 1.8 181+24
Neck length® 26.5 13.9+38 187451
Collodiaphyseal angle (degrees) (M29) 126.6* 130.0¢° 133.¢° 130.0° 134.5° 139.¢° 124.¢ 130.0° 130.6¢° 130.2° +£13.1* 127.7*£82°
Subwochanteric A-P diameter (M16) 16.5 17.¢ 155 19.2 16.7 13.¢ 12.9 16.6+ 21 156 £1.9
Subwochanteric M-L diameter (M9) 190 200 18.5 217 15.8 15.6 15.6 17.1+21 17.9+£23
Subwochanteric perimeter 576.¢ 48.¢ 53.7+54 556+6.0
Meric (subwochanteric) index (M16/M89) 82.9 85.¢ 83.8 88.5 105.7 833 82.7 94092 877+10.9
Mid-shaft A-P diameter (M6) 14.3 12.8 13.8 183 13.4 15.2 12.6 13.8 13.5 134+260 139 +22
Mid-shaft M-L diameter (M7) 153 133 13.9 13.6 13.4 14.4 125 14.1 14.8 128 £13 13.6+1.4
Mid-shaft perimeter (M8) 47.¢ 41.¢ 43¢ 425 44.0 490 390 445 45.¢ 42.1+49 455+58
Pilaswic (mie-shaft) index (M6/M7) 935 96.2 2 7.7 1000 185.6 9%.¢ 979 91.2 1047+7.3 1025+133
Robusticity index (M8/M1) 229 252 262 259 276 18.8 215 225 226 244+£280 224 +£3.1
Neck robusticity index (M15 + M16)/M1 18.8 248 141 15.7 153 19.7+27 16.8+1.1
Maximum width of the distal metaphysis (M21) 44.8 46.¢ 42.¢ 44.0 >472 37 2 44.¢ 40.11+46 445+5¢
Maximum A-P diameter of the distal metaphysis 252 219 224 169+28 232140
Relative breadth of distal metaphysis (M21/M1) 21.8 280 256 275 18.1 204 221 239+23 219 +19
Bicondylar angle (degrees) (M36) 6° 5 4 8 8
Anterior diaphyseal cuwrvature chord (M27) 130.¢ 118.4 148.¢ 148.¢
Anterior diaphyseal cuwrvature subtense (M27) 25 5. %5 4.¢ 4.6 6.0
Cortical thickness at level of fracture (anterior)” 37 2.9 26
Cortical thickness at level of fracture (]Josterior)9 4.9 30 34
Cortical thickness at level of fracture (medial)® 39 2.6 L7
Cortical thickness at level of fracture (lateral)® 45 29/ 29

Linear measurements are in millimeters.
1 Madre-Bupouy (1992).
> Heim (1982a,b).
? Kondo and Dodo (262).
4 Tillier (1999).
> Heim (1991).
® Trinkaus et al. (2002b).
7 Bentally aged medieval skeletons from San Pablo Monastery (Spain).
® Birect distance from most medial point of lesser wochanter to medial neck border taken in posterior view.
® The fracture is located 73 mm from the most proximal point of the bone (64.4% of the total length of the bone).



the precise measurement definitien is rarely stated (Madre-
Dupeuy, 1992), limiting cemparative analysis. Relative te the
maximum length, the Ceva Negra femeral neck is less rebust
than these ef the twe Neandertal children frem Dederiyeh
(Kende and Dede, 2002; Kende and Ishida, 2002), but it is
mere rebust than that ef either of the medern specimens
tfrem Lagar Velhe er @afzeh 10 (Table 8). Finally, the Ceva
Negra value falls between the means fer the twe subgreups
of medern children.

The bicendylar angle of Femur I (6°) is similar te that ef
ether immature Pleistecene humans such as La Ferrassie 6
(4—5°; Table 8) and the early adelescent HNM-WT 15000
(8°; Tardieu and Trinkaus, 1994). Altheugh this angle is lewer
in Femur I than in @afzeh 10 (12—15°; Tillier, 1999), it is well
within the range of variatien ef articular bicendylar angles fer
adult recent and Pleistecene humans, which de net ditfer sig-
nificantly (Tardieu and Trinkaus, 1994).

Cross-sectional properties. The Ceva Negra femur presents
a natural fracture perpendicular te the diaphyseal axis, 73 mm
frem the mest preximal peint ef the bene and lecated very
clese te the 65% level (64.4%), as defined by Ruff and Hayes
(1983) (Fig. 19). In adult femera, the abselute certical area
reaches a maximum in the 65% sectien (Ruff and Hayes,
1983), altheugh differences between the 65% and 50% sec-
tiens are net very large. The percent certical area in Ceva Ne-
gra Femur I at the 65% lecatien (78.5%) (Table 9) is much
higher than in the Lagar Velhe femur at the same level
(right = 59.4%, left = 60.4%; Trinkaus et al., 2002b) and is
abeve the mean calculated by us (70.0%) frem the raw data
frem a large sample of medern human adults (Ruff and Hayes,
1983). The value in the Ceva Negra specimen is alse higher
than that seen in the medern human Yamashita-che individual
(68.6%) at midshaft. Cempared with ether juvenile Neander-
tals, the percent certical area of Femur I at the 65% level is
slightly higher than that seen at midshaft in Dederiyeh 1
(right = 71.6%, lett = 74.2%), is almest identical te LLa Ferras-
sie 6 (78.8%), but is less than that in the elder Teshik-Tash
specimen (87.8%). Due te diverging grewth curves in the med-
ullary area and tetal area of the femeral diaphysis in medern
humans, the relative certical thickness at midshaft is smaller
in medern juveniles than in adults (Ruff et al., 1994). The
slight differences in percent certical area between Ceva Negra
and the mean value fer the adult Neandertal sample supperts
the suggestien that Neandertals fellew a different grewth pat-
tern than that decumented fer medern humans (Ruff et al.,
1994).

Body-size. Lewer-limb articular size has been shewn te be
cerrelated with bedy mass in humans (McHenry, 1974, 1992,
Ruff et al., 1991, 1997; Grine et al., 1995). While there is enly
a mederate relatienship between intrabene prepertiens and
bedy prepertiens, it appears that the cemparisen between the
medielateral metaphyseal breadth eof the distal femur and max-
imum femeral length (intermetaphyseal length) is indicative,
te seme extent, of bedy prepertiens in yeung children, albeit
with a fairly wide range of variatien (Ruff et al.,, 2002). Cem-
parisen eof this ratie in @afzeh 10, Lagar Velhe, and La Ferras-
sie 6 (Ruff et al,, 2002) shews that the fermer twe specimens

are mere similar in prepertiens te each ether (18.6% and
22.1%, respectively) than either is te La Ferassie 6 (27.1%).

We calculated this index (Table &) with the eriginal
published measurements fer Dederiyeh 1 (Kende et al.,
2000) and L.a Madeleine 4 (Heim, 1991), and the results cen-
firm that Dederiyeh 1 (27.5%) is similar te L.a Ferrassie 6 (av-
erage of beth sides =26.8%) in its distal femeral prepertiens
(i.e., high index), while La Madeleine 4 (20.4%) is similar te
Qafzeh 10 (18.1%) and Lagar Velhe (22.1%) in their lew index.
It is thus surprising that the value in the Ceva Negra specimen
(21.8%) is similar te the mean ef the elder subgreup ef medern
children (21.9 4+ 1.9) and the Homo sapiens fessils, and far
frem the values shewn by the yeung Neandertals. Ruff et al.
(2002) have determined that this ratie declines with age, as
femeral length increases, which is cenfirmed by the medieval
Spanish samples (mean eof the yeunger sample = 23.9 +2.3).
In additien, accerding te the data en medern children frem
Kende ct al. (2000), thisratie decreases frem 24.8% in a sample
of 1—2-year-eld children te 22.7% in a sample of 3—4-years-
eold children. The distal femeral prepertiens in the Ceva Negra
specimen are similar te these in a medern child of 4—6 years of
age; enly if we cempare this specimen with the femera of med-
ern children elder than six years of age weuld the distal meta-
physeal prepertien fit the Neandertal pattern. Thus, there
appears te be a degree of variatien in bedy prepertiens ameng
yeung Neandertal individuals, but additienal fessil specimens
weuld be needed te cenfirm these results.

Altheugh apprepriate cautiens must be kept in mind when
estimating bedy size and prepertiens in beth children and adult
fessils, we have estimated the bedy mass ef Femur I using
predictien equatiens develeped by Ruff et al. (2002) fer a
sample of medern children with ages trem 3.5 te 5.5 years. Ac-
cerding te Ruff et al.’s (2002) results, the single best predicter
of bedy mass is metaphyseal medielateral breadth ef the distal
femur, and the multiple regression (r = 0.868) with the smallest
standard errer cembines the latter variable with femeral inter-
metaphyseal length. The estimatiens fer Femur I using these
twe fermulae are 13.5 kg and 12.4 kg, respectively, with an av-
erage of ca. 13 kg.

This bedy-mass estimate is very lew fer the estimated age of
S years feor the individual represented by Ceva Negra Femur I.
Data reperted for samples of medern children tfrem different
pepulatiens (Marredan et al., 2003; @rtega and Meléndez,
2003; Parde and Reville, 2003; Relland et al., 2003) all yield
similar results: 13 kg is a lew (altheugh within the range of var-
iatien) bedy mass fer a child abeve 2 years of age. Further-
mere, the estimated bedy mass fer Femur I is well belew the
3-, 3—4-, and S-year-eld means feor these same medern human
samples. Ruff et al. (2002) reperted a similar bedy mass
(132 kg.) fer Lagar Velhe and alse neted that this is a small
value fer medern Eureamerican children ef his/her age (4.2
years eld). Thus, the Ceva Negra individual apparently had
a small bedy weight fer his/her age cempared te medern chil-
dren in general.

We have alse estimated the stature fer the individual repre-
sented by Femur I, relying en the data and techniques of Telkkd
et al. (1962). Given that the sex eof this individual is unknewn,



Table 9

Relative corucal thickness in Cova Negra Femur I compared with selected fossil and recent humans

Specimen Age (years) % CA at 65% % CA at 50% Source

of total length of total length
CN Femur 1 5-6 78.5 — Present study
La Ferrasie 6 =25 78.8 Ruff et al., 1994
Pederiyeh (right) 2 71.58 Kondo and Podo, 2062
Pederiyeh (left) 2 7422 Kondo and Dodo, 2002
Lagar Velho (right) 42 594 531 Trinkaus et al, 2002ab
Lagar Velho (left) 42 60.4 — Trinkaus et al, 2002a,b
Yamashita-cho 6 68.6 Trinkaus and Ruff, 1996
Teshik-Tash 8—1¢ 878 Ruffetal., 1994
Modem French juveniles (n=11) 9 63.6+7.1 Ruffetal, 1994
Modem children (n= 15) 3—4 68.7+6.3 Kondo and Dodo, 2002
Pecos adults (n=119) Adults 70.0 71.3 Ruff and Hayes, 1983
Pecos adults (2 =28) 2024 745+£5.7 Ruffetal., 1994
Recent H. sapiens (n=322) Adults 713+ 04 Ruffetal., 1993
Early modern H. sapiens (n= 6) Adults 784+20 Ruffetal., 1993
Archaic H. sapiens (n=18) Adults 884 +1.6 Ruffetal., 1993
Homo erectus (n=19) Adults 837+22 Ruffetal, 1993
Total pre-Recent Homo (n=27) Adults 814 +1.1 Ruffetal., 1993

% CA = [(corical area/total area) x 10@].
1 Calculated with the means for CA and TA from Ruff and Hayes (1983).

we have calculated the stature based en beth male (94.0 cm)
and female (93.0 cm) children and averaged the results, yield-
ing a stature estimate of 93.5 cm. This height estimate is sim-
ilar te the S@th percentile of the range of variatien in a sample
of 2.5-year-eld medern American white juvenile males, but it is
belew the lewer limit of the range of variatien fer samples of
medern children aged 3—4, 4, and S years (Kende et al., 2000).

Kende ct al. (2000) estimated statures fer three immature
Neandertals using the regressien fermulae of Telkkid et al.
(1962) fer the femur. We have averaged right and left side
and male and female estimates reperted by them fer Dederiyeh
1 (81.1 cm), Rec de Marsal (82.2 cm), and La Ferrassie 6
(82.2 cm). The Ceva Negra value (93.5 cm) is well abeve
the stature estimates fer these immature Neandertals, reflect-
ing its elder age at death. The stature estimates fer beth Rec
de Marsal and La Ferrassie 6 fall belew the medern human
range of variatien fer their estimated age at death.

The results fer the Ceva Negra specimen sheuld be treated
with cautien, as estimating stature and bedy mass in fessil
specimens necessarily invelves relying en living analegues,
which are imperfect medels. Prepertiens of limb-bene lengths
te stature and bedy mass are ditferent between Neandertals and
medern humans, and relative limb length and bedy breadth
vary ecegeegraphically in medern and earlier humans
(Trinkaus, 1981; Helliday, 1999; Helliday and Ruff, 2001).
Wide variatien is alse knewn te exist in the cerrelatien ef
leng-bene length te stature between sexes and pepulatiens
(Feldesman, 1992; Feldesman and Feuntain, 1996), and esti-
mates frem upper-limb benes previde different results than
these based en lewer-limb benes (Kende et al., 2000). Further-
mere, it is difficult te estimate the precise age at death fer im-
mature and adult fessil specimens, especially when using
iselated pestcranial elements, which can shew high intra- and
interpepulatien variatien in their grewth patterns. The majerity
of studies of grewth patterns in Neandertals have fecused en
dental and cranial remains (Tillier, 1992; Ramirez Rezzi,

1993; Maureille and Bar, 1999; Pence de Leon and Zellikefer,
2001), with fewer based en pestcranial benes (Vicek, 1973;
Tempkins and Trinkaus, 1987; Ruff et al., 1994; Thempsen
and Nelsen, 2000), and the develepmental rate itself has been
argued te be mere rapid in Neandertals than in medern humans
(Dean et al, 1986; Tempkins, 1996; Ramirez Rezzi and
Bermudez de Castre, 2004).

It is difficult te believe that a S-year-eld Neandertal weuld
have the bedy mass ef a 2-year-eld medern human. @ne pessible
explanatien that sheuld be censidered is that the calendar age of
the Ceva Negra individual (Femur I) is yeunger than the esti-
mates made using medern human develepmental criteria, such
as the metaphyseal surfaces, and that criteria established using
medern Eurepean samples de net yield reliable results in Nean-
dertals, whe may have had a faster develepmental rate.

Nevertheless, the geed agreement between the stature esti-
mate for Dederiyeh 1 based en regression fermulae for the lewer
limbs and that measured directly en the recenstructien ef the en-
tire skeleten (Kende et al., 2000), suggests te us that the use of
regressien equatiens based en medern humans can be apprepri-
ately applied te Neandertal children. Thus, the results fer the
Eurepean Neandertal specimens, including the Ceva Negra
specimen, imply that they were indeed significantly sherter
than their medern ceunterparts fer a given age and suggest
that further research inte the relatienship between dental devel-
epment and pestcranial grewth in fessil specimens is warranted.

Distal fibular fragment (CN 42171) (Fig. 20)

This specimen is the distal pertien ef a left subadult fibula,
the maximum preserved length ef which is appreximately
79.0 mm. The specimen is compesed of twe fragments, a larger
distal fragment that preserves the epiphyseal margin and
a smaller, mere preximal fragment, which articulate at a wans-
verse fracture, perpendicular te the diaphyseal axis of the bene,
seme S8 mm trem the distal end. The surfaces of the diaphysis



are smeeth with little relief, and the main esseeus berders
feund in adult fibulae are net apparent, indicating an age at
death of yeunger than 6 years accerding te medern human
standards (Scheuer and Black, 2000). The anterepesterier and
medielateral dimensiens of the distal end are 13.6 mm and
11.2 mm, respectively. At the same time, the larger distal frag-
ment (with a preserved length ef S8 mm) appears te represent
appreximately ene-third ef the tetal bene length. The estimated
tetal length ef the bene, then, weuld be areund 174 mm and
weuld cerrespend te a medern human infant ef between
3.5—4.0 years of age (Scheuer and Black, 2000). This age es-
timate is cempatible with the distal epiphyseal dimensiens
mentiened abeve. In any event, it is ebvieus that this specimen
represents a very yeung individual. Unfertunately, the frag-
mentary nature of the specimen precludes further precisien in
the age-at-death estimate, as well as anatemical cemparisens.

Distal femoral diaphyseal fragment
(CN 42318) (Figs. 21, 22)

This is the distal third ef the diaphysis of an immatare left fe-
mur. The absence of the epiphysis, the everall dimensiens, and
the relief en the external surface all suggest that the specimen
cerrespends te an adelescent individual. The presence ef thick
certical bene (Fig. 22), as in the ether Ceva Negra pestcranial
specimens, suggests “‘archaic’ affinities for this fessil. Hew-
ever, cemparative analysis ef the cress-sectienal preperties is
cemplicated by the incemplete nature of the specimen, which
makes it difficult te estimate the level of the natural break.

MNI and age-at-death distribution of the sample

The presence ameng the Ceva Negra sample of numereus
immatare specimens, and the fact that there is very little repeti-
tien of the skeletal elements preserved, suggests that seme of
the remains may be asseciated. Hewever, we prefer te take
a cautieus appreach in establishing the minimum number of in-
dividuals within the sample, rather than te speculate en peten-
tial asseciatiens ameng the cranial, dental, and pestcranial
remains. As mentiened, the cranial remains represent a mini-
mum ef five individuals: ene adult, ene pessible adelescent,
twe children (prebably between 5 and 8 years of age), and
ene very yeung child (appreximately 2 years of age). There
are twe additienal specimens (Arsuaga et al, 1989ab),
whese stratigraphic pesitien clearly indicates that they repre-
sent different individuals: ene child eof areund S years eof age
represented by the mandibular fragment and dm, and ene yeung
adult of appreximately 18 years of age represented by an ise-
lated I'. Thus, children yeunger than 10 years of age make up
feur ef the seven individuals (57.1 %) in the MINI of this sample.

The presence ef children in Meusterian sites is net infre-
quent, and slightly mere than half (52%) ef the 77 sites with
human fessils attributed te Neandertals include remains ef
children (Trinkaus, 1995). The relative abundance of immature
remains at Ceva Negra has alse been decumented in ether
Maeusterian sites frem Eurepe and seuthwestern Asia. At La
Ferrassie, six of the eight decumented burials (75%) represent

Fig. 2. The Cova Negra left fibular fragment (CN 42171) in anterior (left) and
posterior (right) views. Scale =5 cm.

children, and beth cranial and pestcranial elements are pre-
served (Heim, 19%82a). At Amud, children censtitute ten ef
the fifteen Middle Paleelithic individuals (66.7%), and pest-
cranial remains are relatively frequent, including radii and
femera (Hevers et al., 1995). Finally, at Kebara, twelve of
the nineteen (63.2%) Meusterian heminids represent children;
hewever, mest of these are iselated decidueus and permanent
teeth, and pestcranial remains are restricted te the Kebara 1
infant burial (Tillier et al., 2003). Thus, the age-at-death distri-
butien and the skeletal-part preservatien ebserved in the Ceva
Negra sample are net unusual.

Nature of the occupation of the Cova Negra site

The paleentelegical and archacelegical remains frem Ceva
Negra suggest a pattern ef shert-term, speradic human



Fig. 21. The Cova Negra left femoral diaphyseal fragment (CN 42318) in an-
terior (left) and posterior (right) views. Scale =5 cm.

eccupatiens. The mertality prefile of the bat remains, with the
presence of neenates and fetuses, as well as very eld adults, in-
dicates that the cave was used as a place fer hibernatien and
raising the yeung. This is true even in levels where archaceleg-
ical remains are relatively abundant, which suggests that the

Fig. 22. Cross section of the Cova Negra left femoral diaphyseal fragment (CN
42318) at the level of the break. Scale =2 cm.

human eccupatiens ef the cave site were shert in duratien
and spaced between leng perieds of abandenment (Villaverde
et al., 1996).

@ther data cenfirm this suggestien. Carnivere marks are
abundant en the faunal remains, and the anatemical parts repre-
sented in certain prey species fit the pattern seen in assemblages
preduced predeminantly threugh the actien ef carniveres.
Mercever, seme benes shew a cemplex superpesitiening ef car-
nivere teethmarks and anthrepegenic cutmarks, suggesting
a rapid successien of episedes of human and carnivere eccupa-
tien. Further, the rabbit remains eften shew cerresien and frac-
tures typical ef having been transperted by birds ef prey, which
perched aleng the cave walls, and numereus ceprelites have
alse been feund. Ameng the lithic remains, the reductien se-
quence is enly partially represented, indicating that the human
eccupants tended te wanspert finished teels te the cave rather
than manufacturing them at the site. Finally, the density ef
lithic and faunal remains intreduced by the Neandertals is lew
(Villaverde et al., 1996).

The cemparisen between the density ef stene teels recev-
ered during the field seasens in the 1980s with that recevered
during the excavatiens ef the 1950s (Table 1@) reveals that
the lew density ef stene teels is feund acress the entire
surface area, ever 200 mz, excavated at the site. The density
of stene teels in levels 3—6 at Ceva Negra is much lewer
than that feund in Upper Paleelithic levels at ether sites in
the regien. The higher cencentratien ef pieces in seme sec-
ters, with substantial changes between levels, cenfirms that
the eccupatiens, in additien te being shert and speradic,
were characterized by eccupying relatively limited surface
areas (180—12 m?), the censtructien ef simple hearths and
repeated changes in lecatien within the site adjusting te the
changing tepegraphy ef the fleer surface ever time, parti-
cularly with regard te the presence ef large fallen blecks
(Villaverde et al., 1996).

These data seem te suggest a medel of eccupatien ef the
site by a small greup ef individuals, with the intreductien ef
few faunal remains and mest likely a limited eccupatien ef
a few days er a week in duratien. These human eccupatiens
alternated with these of carniveres, whe were respensible fer
intreducing the majerity of caprine remains at the site in the
upper levels of the sequence (Villaverde et al., 1996).

Similar situatiens have been decumented at ether Eurepean
Middle Paleelithic sites. At the Abric Remani in Catalenia,
simple, peerly cenfigured hearths are asseciated with shert-
ened reductien sequences and a limited intreductien ef faunal
elements, which demenstrates that the eccupatiens were shert-
term in nature (Vagquere, 1999, Vaquere and Pasté, 2001;
Carbenell, 2002; Vallverdi et al., 2005). Vanguard Cave in
Gibraltar alse shews a simple hearth asseciated with a reduced
assemblage of melluscs and ceprelites (Barten, 2000). In
Germany, Cenard and Prindiville (2000) emphasized the lew
density ef lithic and esseeus remains and the shert duratien
of the human eccupatiens, alternating with the presence eof
camiveres. Finally, a similar scenarie ef alternating human
and carnivere eccupatiens has been prepesed fer the Grette
Teurnal in seutheast France (Pateu-Mathis, 1994).



Table 10

Pensity of stone tools in Cova Negra levels 3—6*

Sector** Level II Level IV Level V Level VI
B 11.1 85 6.0 23
C 107 57 25 12
» 4.6 4.4 3.8 11
E 41.6 200 195 92
F 37 17 4.0 53
I-K 14.2 59 10.0 .7
West 16.4 Sy 8.8 1000

™ Bensity is defined as number of tools per m’.
** Sectors B—K are from 195@s ficld seasons; West sector is from 1984 field
season (see Fig. 2).

The archaecelegical evidence fer a heightened mebility and
a lew density ef eccupatien at Ceva Negra centrasts with the
relative abundance of human remains recevered, and the erigin
of the accumulatien ef human fessils is unclear. Aside frem
the presence of twe depressiens preduced by the teeth ef
a small carnivere en the external face of ene parietal fragment
(CN 42174b; Fig. 11), the rest of the human benes recevered
shew ne evidence ef such medificatien. The cenditien ef the
human remains centrasts with that ef the herbivere remains,
which shew abundant evidence of carnivere actien. The lack
of carnivere marks and the geed state of preservatien ef the
human remains, including cemplete leng benes, suggests
that the rele of carniveres in the accumulatien ef the human
remains was minimal.

At the same time, the spatial cencentratien ef mest ef the
remains in the seuthern sectien of the cave, as well as the sim-
ilar ages at death and nenrepetitien of skeletal parts in many ef
the immature individuals and the presence of beth cranial and
pestcranial elements suggest that seme of the remains may
represent a disturbed burial. The survival ef cemplete leng
benes, particularly the relatively fragile radius and metatarsals,
alse peints te a burial. Hewever, ne mentien of any burials was
made in the field netes during the earlier excavatiens at Ceva
Negra, and it is impessible te verify their presence frem the
decumentatien available te us teday.

Conclusions

The Ceva Negra specimens censtitute an impertant centri-
butien te eur understanding ef the late Pleistecene Neandertal
pepulatien, and the abundance eof the remains makes the site
enc of the richest and mest impertant en the Iberian Peninsula.
Furthermere, the presence of several very yeung individuals
prevides an eppertunity te study the entegenetic appearance
of adult Neandertal characteristics in juveniles. The early de-
velepment eof Neandertal features in beth the cranium and
pestcranium may indicate a different pattern of grewth and de-
velepment in these heminids in cemparisen te Homo sapiens
(Ruff et al.,, 1994; Thempsen and Nelsen, 2000; Pence de
Leén and Zellikefer, 2001), a suggestien recently supperted
threugh the study ef dental-fermatien rates (Ramirez-Rezzi
and Bermudez de Castre, 2004). The presence of thick certical
bene in the femur and radius frem Ceva Negra indicates the
early enset of this characteristic and suggests that it is

a systemic feature of Neandertal grewth and develepment
(Ruff et al., 1994; Churchill, 1998).

Neandertal features have been identified in several ef the
Ceva Negra specimens. Arsuaga et al. (1989ab) emphasized
the subcircular prefile in norime occipitalis ef Parietal 1, the
presence of multiple mental feramina and a steeply sleped my-
lehyeid line in the mandibular fragment (CN 7755), the pres-
ence of a fevea pesterier in the asseciated dm, (CN 7755), and
the degree of sheveling in the I' (CN 7856) in arguing fer
Neandertal affinities in these specimens. In the present study,
the subcircular prefile in norimea occipitalis ef Parietal 11, the
suprainiac fessa en the eccipital fragment CN 42170-7312,
the internally placed cusp tips en the M' crewn, and the me-
dial erientatien ef the radial tuberesity are further evidence
of Neandertal affinities in the Ceva Negra heminids. In addi-
tien, the presence of a subtrechanteric fessa in Femur I and
thick certical bene in several ef the pestcranial remains are
primitive cenditiens retained in Neandertals, but net seen in
living humans. The remaining fessils fall within the range eof
anatemical variatien enceuntered in this Pleistecene pepula-
tien. Their Meusterian archacelegical centext, late Pleistecene
age, and geegraphical lecatien in western Eurepe clearly indi-
cate that all the human remains frem Ceva Negra represent
Neandertals. The archaeelegical evidence at Ceva Negra is
censistent with a high level of mebility in the Neandertal pep-
ulatien and a lew density ef eccupatien ef the site, as has been
inferred at ether Eurepean Middle Paleelithic sites.
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