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Proc. Natl. Acad. Sci. USA
Vol. 96, pp. 7117-7119, June 1999

Commentary

Hominids and hybrids: The place of Neanderthals in human evolution

lan Tattersall*7 and Jeffrey H. Schwartz*

*Department of Anthropology, American Museumn of Natural History, New York, NY 10024; and *Department of Anthropology, University of Pm:bmgﬁ.‘

Pitsburgh, PA 15260

As the first extinct human relatives to have become known to
science, the Neanderthals have assumed an almost iconic
significance in human evolutionary studies: a significance that
has, of course, been greatly enhanced by the very substantial
fossil and behavioral record that has accumulated since the
original Feldhofer Cave skullcap and partial skeleton were
accidentally uncovered, on a pre-Darwinian August day in
1856, by lime miners working in Germany’s Neander Valley
(1-3). Yet even now, 14 long decades later, paleoanthropo-

logical attitudes toward the Neanderthals remain profoundly

equivocal. Thus, although many students of human evolution

have lately begun to look favorably on the view that these

distincuve hominids merit species recognition in their own

right as Homo neanderthalensis (e.g., refs. 4 and 5), at least as

many still regard them as no more than a strange variant of our

own species, Homo sapiens (6, 7). This difference represents far
more than a simple matter of taxonomic hair-splitting. For, as
members of a distinct species, of a completely individuated
historical entity, the Neanderthals demand that we analyze and
understand them on their own terms. In contrast, if we see
them as mere subspecific variants of ourselves, we are almost
obliged to dismiss the Neanderthals as little more than an
evolutionary epiphenomenon, a minor and ephemeral append-

Neanderthal apomorphy (anatomical uniqueness), it is unsur-
prising that the remarkable recent sequencing of a shortstretch
of mtDNA isolated from the Feldhofer individual revealed this
specimen to be a distant outlier when compared with all
modern human populations (11).

The Neanderthals were highly successful over a large region
for a substantial period of time, but this situation changed
dramatically with the arrival in Europe of the first modern
humans, Homo sapiens. Indications are that these “Cro-
Magnons™ had begun to arrive both in eastern Europe (12) and
in the far northeast of the Iberian Peninsula (13) by =40 kyr
ago; and within little more than 10 kyr, the Neanderthals were
gone. The mechanism of their eviction has long been debated,
but there are four main possibilities (14). The first and second
of these, that the Neanderthals were eliminated by the
moderns in direct conflict or by indirect economic competi-
tion, both imply the separate species status of the former, as
does any combination of the two. The alternatives, that the
Neanderthals had simply evolved rapidly into moderns or that
the genes of the invading moderns simply “swamped™ those of
the Neanderthals, both imply some form of species continuity.

Claims for evidence of “transition™ between Neanderthals
and moderns, based on supposedly “intermediate™ fossils
dating from a short window of time around 40-30 kyr ago (15),

| age to the history of Homo sapiens.
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Figure 1. A typical illustration in textbooks showing the supposed evolution of man’s
cranial capacity. 1. Chimpanzee 2, Australopithecine 3. Homo erectus 4. Neanderthal 5.
I Cro-Magnon —
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Was Virchow Right about Neandertal ?

by
FRANCIS IVANHOE

Hughes Parry Hall,
Cartwright Gardens,
London WCI

NEARLY a hundred vears ago Virchow diagnosed rickets

i the Neandertal bones, accounting so for their peculiar

sumian cast!, Though this was not the first tnne such an
opimion had been published?, it was the first authoritative
statement by one expertly acquainted with the disease
who was also personally familiar with the fossil material.
As other diluvial hominids of the same type turned up in
Belgium and France and the day was carried for Dar-
winism, however, Virchow’s carefully argued and factual
diagnosis concerning the earlier finds became diseredited—
by association. if never objectively. But the growth of

knowledge since, anthropological as well as medical,

suggests that Virchow's view may have been essentially

correct.

Neandertals living in early Wirm times may have suffered from a
vitamin D deficiency.

discernible in the interstadial samples, for example, in
Krapina® as related to La Ferrassie, in Skhul as related
to Tabun'®.  (Similarly the Niah skull from Borneo,
dated 40,000 BP may be related to the Solo population
from nearby Java; but the cultural context in the com-
parison is less well defined.) The radiocarbon method of
dating has also made it possible to assign the transition
between Mousterian flake cultures and Upper Palaeolithic
blade-burin-bone cultures, on something like a worldwide
basis, to the end of the Paudorf interstadial''. From the
standpoint of huinan ecology, the most important element
of the more recent cultures, in their fully evolved form
associated with the Cro-Magnon type of modern man
(30,000 Br and later), was the development of fishing by
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-deficient

neanderthal

Neanderthal man’s simian-like appearance may have been due to
rickets resulting from endemic vitamin D deficiency rather tnan to

evolutionary anomaly. Microscopic examination of Neanderthal

teeth demonstrate “intergiobular spaces in the dentine . . . practical-
ly specific of rickets . . . [and] unequivocal evidence of serious
vitamin D deficiency.” X-ray bone diffractions of Neanderthal fossils
suggest the characteristic rickets ring pattern, writes Dr. Francis
Ivanhoe in Nature (Aug. 8, 1970).

First suggested by Virchow nearly a century ago, the rickets
hypothesis finds further support in the fact that “every Neanderthal
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Evidence of Rickets in Neandertals

That an endemic deficiency of vitamin D prevailed
for man during Mousterian times is certainly not contra-
dicted by the direct cvidence of the fossils themselves.
It has long heen held that the Neandertal child is a small
replica of the adult?s—a situation unique among Primates,
and somothing of an oversumplification as well, because
in some respects, for instance frontal height, the Neander-
tal child may fall within or even surpass the modern range
of variation®*. But the crucial point which has not been
emphasized is that cvery Neandertal child skull studied
so far shows signs compatible with severe rickets*, Clini-
cally, the disease 18 most active between 6 and 24 months
of age, and as far as the skull is concerned is characterized
chicfly by a large head, late closure of the sutures and
fontapels, a_high bulbous forchead (“olympian front’),
hulging at the four corners (“caput quadratum’), localized
rommd. patches of weakened or defective bone (“‘cranio-

*T have examined the following Neandertal individual remains: La
Chapelle-aux-Saints, adult, Engis child, La Ferrassie I to VI adults and
children, Gibraltar adult and child, Neandertal, Pech-de-I’Aze, Ta Quina
adult and child, Skhul IX adult, Tabun 1 adult,
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AMERICAN ACADEMY OF PEDIATRICS

CLINICAL REPORT

Guidance for the Clinician in Rendering Pediatric Care

John Persing, MD; Hector James, MD; Jack Swanson, MD; John Kattwinkel, MD; Committee on Practice
and Ambulatory Medicine; Section on Plastic Surgery; and Section on Neurological Surgery

Prevention and Management of Positional Skull Deformities in Infants

ABSTRACT. Cranial asymmetry may be present at
birth or may develop during the first few months of life.
Over the past several years, pediatricians have seen an

increase in the number of children with cranial asymme-

try, particularly unilateral tlattening of the occiput. This

increase likely is attributable to parents following the

American Academy of Pediatrics “Back to Sleep” posi-

tioning recommendations aimed at decreasing the risk of

sudden infant death syndrome. Although associated with

some risk ot deformational plagiocephaly, healthy voung

infants should be placed down ftor sleep on their backs.

This practice has been associated with a dramatic de-
crease in the incidence of sudden infant death syndrome.
Pediatricians need to be able to properly diagnose skull
deformities, educate parents on methods to proactively
decrease the likelihood of the development of occipital
flattening, initiate appropriate management, and make
referrals when necessary. This report provides guidelines
for the prevention, diagnosis, and management of posi-
tional skull deformity in an otherwise normal infant
without evidence of associated anomalies, syndromes, or
spinal disease.

ABBREVIATIONS. AAP, American Academy of Pediatrics; SIDS,
sudden infant death syndrome.

birth. Most of these deformities improve spontane-
ously during the first few months of life if the infant
does not rest his or her head on the flattened area of
the skull. If the infant continues to rest his or her
head on the flattened side of the occiput, an initially
occipital plagiocephalic deformity may be perpetu-
ated or worsened by gravitational forces.? Occipital
flattening and atypical shape also may be caused by
craniosynostosis, particularly lambdoid craniosynos-
tosis.

If the skull deformity develops postnatally, an ini-
tially typical, rounded skull shape may become flat-
tened occipitally as a result of static supine position-
ing. Associated torticollis or “wryneck” may occur as
a consequence of hemorrhage | (withir=t;
cleidomastoid muscle) and/or &
within the sternocleidomastoid
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Artificial Cranial Deformation in the
Shanidar 1 and 5 Neandertals®

by Erik TRINKAUS
Department of Anthropology, Peabody Museum, Harvard
University, Cambridge, Mass. 02138, U.S.A. 29 1x 81

Artificial cranial deformation is one of the most widespread

forms of human intentional body modification for esthetic

purposes (Dingwall 1931). Research on the Neandertals from

Shanidar Cave in Iraq shows that this practice may not be

limited to recent humans. The Shanidar 1 and 5 cranial vaults

(fig. 1) exhibit contours that contrast with those of other

Neandertals and suggest that they experienced cranial defor-

mation.

Shanidar 1 and 5 derive from the upper Mousterian levels of
Shanidar Cave and date to the first half of the last glacial, at
least 45,000 years ago (Solecki 1960, 1961). Their facial and
postcranial skeletons are morphologically similar to those of
other Neandertals from Central Asia, the Levant, and Europe
and distinct from those of other fossil Homo sapiens (Stewart
1977, Trinkaus 1977, n.d.; Stringer and Trinkaus 1981). It is
therefore assumed that their cranial vaults, if undeformed,

'| would be morphologically close to those of other Neandertals.
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Fibrous Dysplasia in a 120,000+ Year Old Neandertal
from Krapina, Croatia

Janet Monge', Morrie Kricun?, Jakov Radov¢i¢®, Davorka Radovci¢?, Alan Mann®, David W. Frayer®*

1 University of Pennsylvania Museum, University of Pennsylvania, Philadelphia, Pennsylvania, United States of America, 2Depanment of Radiology, University of
Pennsylvania Museum, University of Pennsylvania, Philadelphia, Pennsylvania, United States of America, 3 Croatian Natural History Museum, Zagreb, Croatia,
4 Depanment of Anthropology, Princeton University, Princeton, New Jersey, United States of America, 5Department of Anthropology, University of Kansas, Lawrence,
Kansas, United States of America

Abstract

We describe the first definitive case of a fibrous dysplastic neoplasm in a Neandertal rib (120.71) from the site of Krapina in
present-day Croatia. The tumor predates other evidence for these kinds of tumor by well over 100,000 years. Tumors of any
sort are a rare occurrence in recent archaeological periods or in living primates, but especially in the human fossil record.
Several studies have surveyed bone diseases in past human populations and living primates and fibrous dysplasias occur in
a low incidence. Within the class of bone tumors of the rib, fibrous dysplasia is present in living humans at a higher
frequency than other bone tumors. The bony features leading to our diagnosis are described in detail. Tn living_ humans |
effects of the neoplasm present a broad spectrum of symptoms, from asymptomatic to debilitatingéGivgn’t'he incor‘i\plgte
nature of this rib and the lack of associated skeletal elements, we resist commenting on the health effects the tumor had on @
the individual. Yet, the occurrence of this neoplasm shows that at least one Neandertal suffered a?ﬁcpmrpptii'-i;one. tumor

found in modem humans. | “ odile
ey o r
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Figure 3. Krapina 120.71 was u-CT scanned at 20 micron

Figure 1. Krapina 120.71 in a caudal view (a). The large lesion is

intervals (voxel size, 20 microns) across the long axis of the

curved bone producing 495 individual images. Four slices are

illustrated here showing the changing architectural detail of theinternal
tumor compartment. Loculations and vertical septations are “clearly
visible on each slice. Radiodense particles represent areas of adhering
soil matrix that were part of the sedimentary environment.
doi:10.1371/journal.pone.0064539.g003

located above the tubercular facet and extends laterally. The trabeculae
have been destroyed and the cortex appears expansive, The thin
cortical bone forming the superior surface of the cavern was broken
away postmortem, (b) Krapina 120,6 shows the normal pattern of bony
trabeculae in the medullary space. The surface iregularities are post-
mortem,

doi:10.1371/journalpone.0064539.g001

1 10.00 mm

_F_hure 2. Radiograph of 120.71. Two views of Krapina 120.71 nb
ragment: a: Supenor/infenor radiograph view of Krapina 120.71 in
position matching illustration in Figure 1; b: Lateral view in position
matching the p-CT scan series in Figure 3, The radiograph shows the full
extent of the bony cavern excavated by the growth of the dysplastic
mass, The lesion occupies most of the length of the fragment, but does
not extend beyond the medial and distal borders, The full extent of the
lesion is visible within this small rib fragment.

doi:10.137 1/jounal pone.0064539.g002
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The early Upper Paleolithic human skeleton from the Abrigo do

Lagar Velho (Portugal) and modern human emergence in Iberia

(Neandertals /mandible / posterania /dentition /radiocarbon dating)
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ABSTRACT  The discovery of an early Upper Palealithic
human burial at the Abrigo do Lagar Velho, Portugal, has
provided evidence of early modern humans from southern
Iberia. The remains, the largely complete skeleton-of a =4-
year-old child buried with pierced shell and red ochre;is dated
to ca. 24,500 years B.P. The cranium, mandible, dentition, and
posterania present a mosaic of European early modern human
and Neandertal features. The temporal bone has an interme-
diate-sized juxtamastoid eminence. The mandibular mentum
osseum and the dental size and proportions, supported by
mandibular ramal features, radial tuberosity orientation, and
diaphyseal curvature, as well as the pubic proportions align
the skeleton with early modern humans. Body proportions,
reflected in femorotibial lengths and diaphyseal robusticity
plus tibial condylar displacement, as well as mandibular
symphyseal retreat and thoracohumeral muscle insertions,
align the skeleton with the Neandertals. This morphological

mosaic indicates admixture between regional Neandertals and

early modern humans dispersing into southern Iberia. It
establishes the complexities of the Late Pleistocene emergence
of modern humans and refutes strict replacement models of
modern human origins.

The morphological mosaic_of the Lagar Velho 1 child
therefore indicates admixture between carly modern humans

sspreading through Iberia and local Neandertal populations.

Such morphological mosaics, with character states distinctive
to each parental group (directional dominance), plus inter-
mediate (additive) or divergent (overdominance or under-
domlndnu.) configurations, characterize hybrids between sub-
qpucnu species, and genera of primates and carnivores (51-
55). It is not known whether any one mosaic pattern would be
expected, given specified ancestral morphological patterns,
nor is it known how stable the pattern is likely to have been
over time. However, the mosaic_seen in_Lagar Velho 1
conforms to the known patterns of hybridization.

Moreover, the dating of the burial to several millennia after
the probable period of transition from Neandertal to early
modern human in southern Iberia (28,000-30,000 years B.P.),
and hence the persistence of a morphological mosaic for that
time period, indicates that_this child was not the result of a rare
Neandertal /early modern interbreeding but the descendant of

extensively admixed populations. There does not seem to be a

better means of explaining why, in spite of sharing a similar
material culture and identical burial practices with the Gravet-
tian elsewhere in Europe, Lagar Velho 1 is anatomically so
distinct.

The presence of such admixture supports the hypothesis (56,
57) of variable admixture between early modern humans
ispersing into Europe and local Neandertal populations.

runs counter to the interpretation (58, 59) that, in western
Europe, this transition involved the extinction without descent
of the Neandertals and their complete replacement by dis-
persing early modern humans with more ¢laborate technolog-
ical and sociocultural systems.
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Possible Interbreeding in Late Italian Neanderthals? New
« < Data from the Mezzena Jaw (Monti Lessini, Verona, Italy)
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Abstract

In this article we examine the mandible of Riparo Mezzena a Middle Paleolithic rockshelter in the Monti Lessini (NE Italy,
Verona) found in 1957 in association with Charentian Mousterian lithic assemblages. Mitochondrial DNA analysis performed
on this jaw and on other cranial fragments found at the same stratigraphic level has led to the identification of the only
genetically typed Neanderthal of the Italian peninsula and has confirmed through direct dating that it belongs to a late
Neanderthal. Our aim here is to re-evaluate the taxonomic affinities of the Mezzena mandible in a wide comparative
framework using both comparative morphology and geometric morphometrics. The comparative sample includes mid-

Pleistocene fossils, Neanderthals and anatomically modem humans. This study of the Mezzena jaw shows that the chin
region is similar to that of other late Neanderthals which display a much more mhem morphology with an incipient mental
tng: one (e.g. S5py 1, La Ferrassie, Saint-Cesaire). In our view, tﬁis change in morphology among iate Neanaenéals supports

the hypothesis of anatomical change of late Neanderthals and the hypothesis of a certa_ip degree of interbreeding with
“AMHs that, as the dating shows, was already present in the European termtory. Our observations on the chin of the Mezzena
mandible lead Us to support a non abrupt piﬁlogeneuc trans:'tlion for this period in Europe.
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Introduction The scenarios which have generally been accepted argue that
this territorial expansion occurred during a period of great climatic

One of the most frequently debated questions in paleoanthro- change [15,16]. According to this hypothesis, the expansion of

pology concerns the arrival in Europe of our species, {lomo safrens, AMHs, identificd primarily through their association with
anatomically modern humans (AMHs), and the fate of the humans

Aurignacian assemblages [13,17], pushed the Neanderthals

who lived i this territory prior to their arnival, the Neanderthals. associated with Moustenan ‘assemblagés toward sotithern Europe
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The mind ofthe
species problem

. Jody Hey
The species problem is the long ding failure of biologists to agree on how we Have enough words been said and written on the
should identify species and how we should define the word ‘spedies’. The subject of what species are? How many evolutionary
i bl cks on the problem have d the oft. P d q i biologists sometimes wish that not one more word. in
‘what are species?’ into a philosophical d . Today. the preferred form of speech or text, be spent on explaining species?” How
attack is the well-crafted argument, and debaters seem to have stopped inquiring many biologists feel that they have a pretty good
about what new information is needed to solve the problem. However, our understanding of what species are” Among those who
knowledge is not complete and we have overlooked hing. The speci do. how many could convince a large, diverse group of
pr can be ifwe understand our own role, as conflicted scientists that they are correct?
i ig s,in ing the problem. At this last and most essential task, many great

scientists have tried and failed. Darwin, Mayr, Simpson
and others have taught us about species, but none has
been broadly convincing on the basic questions of what
Jody Hey the word ‘species means or how we should identaty
Sentol Cansdar Mugers species. For its entire brief history, the field of
niversity, Nelison 3 - =
evolutionary biology has simply lacked a consensus on

Blological Labs. 604 -

Allizon Rd. Piscataveay. these two related questions. Indeed, there was broader
pLBL S AT consensus before Darwin, Given the once widespread
:::‘é'_b S acceptance of an essentialist view of species, perhaps

Linnaeus was our most capable and persuasive species
pundit!, although he was wrong. of course. Darwin
killed species essentialism, but in so doing. he fostered
rather than settled questions about what species really
are. Since then, the species problem has beseeched us
like the mythical sirens. Again and again, we pose and
seek an answer to the guestion what are species? .,
Other allegories seem apropos as well*: consider that the
species problem is like a sword, thrust by Darwin into
the stone. and left for us to vank upon with

) determination and futility. The often dreamed of
magic is a compelling definition of ‘species’ that fits our
understanding of the causes of biological diversity and
that leads us to identity species accurately and agreeably:

hitp ree rends com 0169-5347/01/3 —see frontmatter ¥ 2001 Lisevier Science Ltd. All rights reserved. P S0169-5347(01)/02145-0
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“of human childbirth
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Childbirth is complicated in humans relative to other primates.
Unlike the situation in great apes, human neonates are about the
same size as the birth canal, making passage difficult. The birth
mechanism (the series of rotations that the neonate must undergo
to successfully negotiate its mother's birth canal) distinguishes
humans not only from great apes, but also from lesser apes and
monkeys. Tracing the evolution of human childbirth is difficult,
because the pelvic skeleton, which forms the margins of the birth
canal, tends to survive poorly in the fossil record. Only 3 female
individuals preserve fairly complete birth canals, and they all date
to earlier phases of human evolution. Here we present a virtual
reconstruction of a female Neandertal pelvis from Tabun, Israel.
The size of Tabun's reconstructed birth canal indicates that child-
birth was about as difficult in Neandertals as in present-day
humans, but the canal’s shape indicates that Neandertals had a
more primitive birth mechanism. A significant shift in childbirth
apparently occurred quite late in human evolution, during the last
few hundred thousand years. Such a late shift underscores the
uniqueness of human childbirth and the divergent evolutionary
trajectories of Neandertals and the lineage leading to present-day
humans.
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Human female

“Fig. 4. Schematic compari

mean birth canal sha

Tabun’s left pubis and ilium and right pubis, ischium, and ilium
have been preserved. Whether the skeleton originates from
archaeological layer C or layer B is uncertain; thus, its geologic
age could be closer to ~60,000 or ~ 100,000 years ago (3-5).
Although the skeleton's exact age is somewhat in doubt, there is
broad consensus regarding its Neandertal taxonomic designation
and female sex (6, 7). The Tabun pelvis was originally described
and partially reconstructed by McCown and Keith in 1939 (8).
Later, Ponce de Ledn, et al. (9) atempted another reconstruc-
tion, but they assumed a priori that Neandertals had a similar
birth mechanism and cephalopelvic proportions as humans when
making their reconstruction, which precludes using their work to
assess whether in fact this is the case. They claimed that the
preservation of the specimen forced them to make these as-
sumptions (9), but, using different methods, we found that these
assumptions are not required.

Results

In brief, we created our virtual reconstruction (Fig. 1) as follows.
We obtained computed tomography (CT) scans of the original
pelvic fragments; virtually disassembled parts reconstructed by

B

Tabun

in humans (A) and

= ok (8).

e gray and dashed black ovals depict pelvic inlet and outlet

.-;Fapes, respectively, based on the pelvic indices given in Fig. 2. All ovals are

constrained to have the same maximum diameter, which occurs either trans-
versely (mediolaterally) or anteroposteriorly. Black lines represent pubic
“Tength and orientation with respect to the midline (dashed black line).
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Fig. 1. Virtual reconstruction of the Tabun pelvis. Original fragments (A) and
after mirroring of the left-sided ilium and acetabular-pubic fragments and
segmentation (B). Colors reflect higher (yellow) to lower (red) density. Ante-
rior (C) and anterosuperior (D) views of the completed reconstruction. Each
fragment is shown in a different color. The spheres indicate the locations of
sacral landmarks, which are connected by links to create a stick representation
of the form of the estimated sacrum. Sacral landmark definitions are given in
Table 1. (Scale bar = 1 ¢m.)
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Racial Differences in Pelvic Anatomy by Magnetic Resonance

Imaging
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Pelvic Floor Disorders Network

Abstract

OBJECTIVES—To use static and dynamic magnetic resonance imaging (MRI) to compare
dimensions of the bony pelvis and soft tissue structures in a sample of African-American and white
women.

METHODS—This study used data from 234 participants in the Childbirth and Pelvic Symptoms
Imaging Study. a cohort study of 104 pnmiparous women with an obstetric anal sphincter tear. 94
who delivered vagmally without a recognized anal sphincter tear and 36 who underwent by cesarean
delivery without labor. Race was self-reported. At 6-12 months postpartum. rapid acquisition T2-
weighted pelvic MRIs were obtained. Bony and soft tissue dimensions were measured and compared
between white and African-American participants using analysis of vanance, while controlling for
delivery type and age.

RESULTS—The pelvic inlet was wider among 178 white women than 56 African-American women
(10.7£0.7 cm compared with 10.0.£0.7 cm, P<.001). The outlet was also wider (mean intertuberous
diameter 12.3=1.0 cm compared with 11.820.9 cm, P<.001). There were no significant differences
between racial groups in interspinous diameter, angle of the subpubic arch, anteroposterior conjugate,
levator thickness, or levator hiatus. In addition, among women who delivered vaginally without a
sphincter tear, African-American women had more pelvic floor mobility than white women. This
difference was not observed among women who had sustained an obstetric sphincter tear.

CONCLUSION—White women have a wider pelvic inlet. wider outlet. and shallower
anteroposterior outlet than Aﬁicgn—Amcﬁcan women. In addition, after vaginal delivery. white
women demonstrate less pelvic floor mobility. These differences may contribute to observed racial
differences in obstetric outcomes and to the development of pelvic floor disorders.
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