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Preface

In the late fall of 1998, when Pedro Souto and João Maurício discovered the remains of
an ochre-stained child in rockshelter deposits in the Lapedo Valley, we hardly expected the discovery to provide us with more than some additional data on human biology and behavior in
the earlier Upper Paleolithic of western Iberia. Several years later, following on extensive and
intensive archeological and paleontological work at the site and in the laboratory, a complex
image of human behavior at the Abrigo do Lagar Velho has emerged. It is the detailed results
of that work, followed by paleontological and archeological perspectives on the human populations of the European earlier Upper Paleolithic, which we present here.
Early in our analysis of the human remains from Lagar Velho, we proposed (Duarte et al.,
1999) that the child’s skeleton presented evidence of prior blending of local Neandertal and
arriving early modern human populations in western Iberia. Our interpretation has been widely accepted as both interesting and reasonable, being rejected a priori only by those who are
intellectually immune to the idea of Neandertal-modern human productive interbreeding. In
this volume we document in much greater detail the anatomical mosaic present in this unusual child, followed by considerations of its implications. We do not expect universal acceptance
of our conclusions. However, we would appreciate careful consideration of the data, analyses
and arguments that we bring to bear on it. And in effect, this volume represents a further statement of our original challenge to the field of paleoanthropology — if you do not agree with our
interpretation, provide us with an alternative explanation which is congruent with both the
paleontological data (from Lagar Velho and elsewhere) and current evolutionary biology. To
date, there have been few such alternatives proposed, and none has satisfied these criteria. We
are open to other suggestions.
It is also apparent that the ritual burial of Lagar Velho 1 and the broader archeological context of the burial provide insights into human behavior during the European Gravettian. This
is a period of human cultural evolution that has been coming increasingly into focus, and we
hope that the placement of Lagar Velho 1 and the Gravettian archeology still under excavation
at the Abrigo do Lagar Velho into this broader framework will further illuminate the behavioral
complexity of these Late Pleistocene hunter-gatherers.
This volume is, needless to say, the result of the concerted efforts of many people, most
of whom are authors of one or more of the included chapters. Throughout this period the project has been supported by the Instituto Português de Arqueologia, the agency of the Ministry
of Culture devoted to the study, management and preservation of the archeological heritage of
Portugal. Further support has been provided by the L.S.B. Leakey and Wenner-Gren
Foundations, as well as the home institutions of many of the contributors. To all of them, and
to all of the people who have helped in ways too numerous to mention, thank you.

João Zilhão and Erik Trinkaus
Lisbon and St. Louis, May 2002
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❚ JOÃO ZILHÃO ❚ ERIK TRINKAUS ❚

In August of 1998, the two of us participated in the first Gibraltar conference on the Neandertals and modern human origins, held to celebrate the sesquicentennial of the discovery of
the Forbes’ Quarry Neandertal cranium. At that conference, which integrated various aspects
of Late Pleistocene human ecology, behavior and biology, the focus seemed to keep coming
back to the two questions which have plagued European Late Pleistocene paleoanthropology
for much of the past century. How similar were the Neandertals to early modern humans in
their behavior and adaptive patterns, and how closely related were these two groups of
humans? Since southern Iberia appeared, in 1998, to be the last refugium of the Neandertals,
the focus of the conference, on both of these general issues and the natures of the Late Pleistocene changes in Iberia, seemed to bring the various questions into focus, if not any closer
to resolution.
After the conference, one of us (ET) accompanied the other (JZ) to Portugal to view the
first of the Middle Paleolithic human remains from the Gruta da Oliviera (a manual middle
phalanx from the fifth ray) and to discuss possible further human paleontological work in the
context of ongoing archeological excavations in the Almonda karstic complex. It was a pleasant couple of days that ended with a casual agreement to continue the collaboration should further and interesting Paleolithic human remains be found. Little did we expect what would
emerge less than three months later.
The discovery of the Abrigo do Lagar Velho and the child’s burial in late November of
1998 and the subsequent salvage excavation during December and early January 1999 (see
Chapter 2) was initially carried out largely in secret, since the site was unprotected and there
was fear of damage to the skeleton by curious but poorly informed onlookers. However, after
it was announced by the Portuguese media on December 25, every effort was made to make
information on the site, the burial and skeleton available to both the public and the profession.
Indeed, other than the normal restrictions dictated by excavation, laboratory cleaning and
reassembly, and curatorial concerns regarding the fragile specimens, we have made an effort
to be as open as possible about the remains and the site, to colleagues and the general public.
It is in the context of our belief that paleontological data should be made available as soon
as is reasonably possible that we have conceived of the current volume on the Abrigo do Lagar
Velho and its Gravettian human remains. It is less than four years since the site was first discovered, and less than three years since all of the scattered cranial pieces of the child were recovered from the rockshelter. Moreover, extended excavations of the site have continued each year,
with additional data on the geology, paleoecology and archeology of the preserved levels. For
these reasons, our current study of both the site and the skeleton are not exhaustive — such
a detailed level of analysis would take decades to be fully accomplished. However, the research
has reached the point at which we feel that we have reliable information and inferences to present. This volume is the result.
In the excavation and analysis of the Abrigo do Lagar Velho, it was apparent to us from
the beginning that any such project required a variety of expertises to produce a worthwhile
result. In order to accomplish this, we put together a team, with JZ being concerned with the
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excavation and analysis of the site and ET taking responsibility for the assembly and analysis
of the human skeleton. Through all of this, absolutely critical work was undertaken and overseen by Cidália Duarte, who both excavated the skeleton in the field exquisitely (who else has
excavated pedal phalangeal epiphyses identified as to digit from a Paleolithic burial?) and took
care of the skeleton and all of the logistics surrounding its analysis in Lisbon. Even though she
is not a co-editor on this volume and remains an author on only two chapters, she probably
contributed more to the analysis of the skeleton than any one of us. The contributions of the
others are evident in their authorships of the various chapters in the volume.
The volume is divided into two sections, one concerned with the site and the other with
the skeleton, preceded by a brief history of work at the site and on the skeleton and followed
by discussions of the human phylogenetic and behavioral implications of the remains. Even
though fieldwork continues at the site, principally in Gravettian levels in the western portion
of the shelter, we have limited the discussions here to those concerned with the overall structure of the prehistoric deposits, the human burial and skeletal remains, and the paleoenvironmental, archeological and chronological contexts of the remains.
In addition, it was decided that the comparative frameworks employed for the description of the site and its contents (since all description is by definition comparative) would be
largely limited to currently available data and interpretive frameworks. In a few cases the contributors have engaged in the collection of additional comparative data specific to this project,
but the vast majority of the comparative frameworks have been put together from the published
literature, personal experience, and data and ideas shared by colleagues. It is expected that we,
and others, will pursue further a number of the issues raised by this site, refining and enlarging upon the results presented here.
Ironically, it is the one aspect of Late Pleistocene paleoanthropology, human phylogeny,
that was furthest from our primary interests which has sparked the pronounced and ongoing
interest in “the Lapedo child.” Although both of us had written extensively on the transition
from the Neandertals to early modern humans in Europe, and its complex interrelationships
with the Middle-to-Upper Paleolithic transition, we had both been concerned principally with
the behavioral dynamics of the two human groups, asking questions about the natures and the
degrees of behavioral similarities and differences between them. Phylogeny had entered into
those discussions, primarily to the extent that it had a bearing on the probable patterns of interactions in time and space between the two groups of Late Pleistocene humans. Following on
this train of research, when we proposed in 1999 that the Lapedo child, Lagar Velho 1, exhibited evidence of Neandertal-modern human admixture in Iberia, our primary thrust was what
it told us about the degree of similarity of their behavioral patterns that enabled them to
regard each other as potential mates.
Yet, the intensity of the debate concerning whether Neandertals and early modern humans
had interbred, both in the professional and public arenas, led us to realize that these are issues
about which people feel very strongly. However, unlike most academic arguments that are primarily concerned with the reputations of the scholars involved, this one touched deeply on a concern that went far beyond academic rivalries and previous position statements. It became
increasingly apparent to us that it confronted the issue of how special we, as modern humans,
actually are, how distinct we are (or are not) from humans who were not quite “us.”
The Gravettian child from the Lapedo Valley cannot, despite our efforts, resolve that question. Yet, it is our hope that our presentation of its remains and the contents of the site into
which it was buried after its untimely death 25 millennia ago will contribute a little to our
understanding of the processes that led to the emergence of early modern humans, and of the
people who were involved in that process.
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❚ JOÃO ZILHÃO ❚ ERIK TRINKAUS ❚

The Lapedo Valley had been recognized for a number of years prior to 1998 as a
potential locale for Paleolithic sites, given its karstic landscape and natural rockshelters, but
the occasion to undertake a systematic archeological survey had not presented itself. However, during the fall of 1998, Pedro Ferreira, a local student in search of a subject for a term
paper to give in his school (the Heritage Studies department at the University of Évora),
decided to search for rock art in the area. He eventually came to notice what seemed to be
prehistoric paintings sheltered under the overhang of one of the limestone cliff faces
exposed in the valley, on its north side and towards its west end. Word of these finds made
it to the Instituto Português de Arqueologia (IPA) via the Sociedade Torrejana de Espeleologia e Arqueologia (STEA) in Torres Novas and JZ asked two members of this Society who
assist with the archeological projects of the Institute and had worked for many years with
him, João Maurício and Pedro Souto, to check on Pedro Ferreira’s report.

The Encounter
On a Saturday morning, November 28, 1998, João Maurício and Pedro Souto visited
the Lapedo Valley and authenticated Pedro Ferreira’s rock art; it consisted of three small
anthropomorphic figurines painted in red, similar to Chalcolithic rock paintings known
from elsewhere in the country. While at this site, and looking across the valley, they
noticed along the opposite side, just east of the bridge for the small road that crosses the
Ribeira da Caranguejeira, a long rockshelter that, even from a distance, looked like an optimal location for a Paleolithic site. They surveyed along it and verified that it had obviously
been subjected to serious earth moving in the near past. However, rich Paleolithic deposits
remained exposed in the horizontal fissures of the western half of the rockshelter. Lying
on ground surface, directly below these remnant deposits, there were large amounts of
faunal remains and lithic artifacts, a sample of which was collected for later inspection in
the lab.
As part of their examination of the site, João Maurício decided to check on a pronounced recess in the eastern end of the shelter’s back wall. He thought that the area could
correspond to the porch of a cave whose entrance would have become almost completely covered up by the accumulation of sediments. On close inspection, he noticed deposits that
were quite loose, suggesting an animal burrow, and knowing from experience that burrowing animals frequently bring archeological remains from deeper levels to the surface,
made a shallow subsurface probe of these loose sediments using a trowel and his hand. He
found a few small long bones. Although he is not an osteologist, he recognized the bones
as possibly human, carefully reburied them, and made notes on what he had found.
As soon as they left the valley, in the afternoon of that same day, João Maurício and
Pedro Souto tried to reach JZ by phone to report on these finds. They couldn’t, because at
the moment JZ was aboard an airplane, on his way to Kyoto, Japan, to participate in the
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meeting of UNESCO’s World Heritage Committee where the committee was to vote on the
inclusion of the open air Paleolithic rock art of the Côa Valley, in northeastern Portugal, into
its list. He was informed of the discoveries in Lapedo when he called home upon landing,
and arranged for a visit to the site immediately upon his return. With the Côa Valley successfully named a World Heritage Site, he arrived in Lisbon on December 4, and on Sunday morning, December 6, with Ana Cristina Araújo and Cidália Duarte, drove up to
Lapedo, where Pedro Ferreira as well as João Maurício, Pedro Souto and other members of
STEA were already waiting.
From a quick inspection of the faunal remains collected when the site was found, JZ
immediately recognized the characteristic association of red deer, horse and rabbit, indicating an Upper Paleolithic age for the deposits. Moreover, technical features in the butts
of a couple of blades suggested the presence of a Middle Solutrean component in the occupations that were now destroyed for the most part. As JZ proceeded with analysis of the sediments preserved in the fissures and of the samples of lithic and faunal materials collected
by Pedro Souto and João Maurício, the latter took Cidália Duarte to the opposite end of the
shelter, where the two of them reprobed the loose sediments to recover the bones he had
identified as possibly human in the visit of the previous weekend. Cidália Duarte immediately recognized among them arm bones (radius, ulna and phalanges) of a single individual, a juvenile human.
A few minutes later, when the two groups met to exchange views about the site and
what should be done with it, Cidália Duarte showed the bones to JZ, who immediately
noted that they were saturated with red ochre. This observation, combined with the assessment of the age of the sediments in the fissure, the location of the stratigraphic level of
the bones (a couple of meters below), the reasonably horizontal nature of the archeological deposits, and the lack of associated human bones in a Paleolithic site under normal circumstances, led, in a split second, to the realization that the location probed by João Maurício could well correspond to a child burial of pre-Solutrean age. Red ochre stained
human burials are a well-known feature of the Gravettian, but the difference in elevation
between the bones and the remnant deposits suggested, assuming typical rates of sedimentation for Portuguese Upper Paleolithic stratigraphic successions, that several millennia separated the two epochs of human activity. Therefore, a late Middle Paleolithic age
for the hypothesized burial couldn’t be excluded, although a Gravettian age seemed more
likely. If this were to be proven, this human ritual burial would not only be the first Paleolithic burial to be discovered in Iberia, but, for the Gravettian, in Europe west of Liguria
and south of Wales (with the exception of the Cro-Magnon burials, if these are indeed
Gravettian).

The Excavation
The potential implications of the find were discussed with great excitement during the
car trip back to Lisbon, which was to be interrupted by a couple of stops on the side of the
road to open and re-open the bags and inspect and re-inspect the bones in order to make
sure that what they had identified as ochre-staining was indeed what it seemed to be. Given
the recent terracing of the site, and the loose nature of the sediments where the child’s bones
were collected, it was not clear, however, if the hypothesized burial was still for the most part
in situ or if what had been collected was simply what had been left at the site after destruction.
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The arm bones, in fact, had been recovered under the small overhang that had led João
Maurício to suspect a cave entrance and prompted his probing of deposits at ground level.
If the child’s body had been buried at that level, it could well have been destroyed by the
earth moving equipment that removed most of the sediment from the shelter. That earth
moving had been done some time at the end of the year 1994, in an effort by the landowner
to clear a larger path between the cliff and the Ribeira de Caranguejeira and make a horizontal surface to place equipment (Jornal de Leiria, January 5, 1995). It was possible that only
the left arm and some adjacent bone protected by the small overhang had been preserved
and that the remainder of the skeleton had been destroyed.
Even if only a remote possibility, the chance that an intact or almost intact Paleolithic
burial existed at the site, covered by no more than a few centimeters of loose deposits, and
the fact that the place was now a known, unprotected archeological site, made a salvage operation mandatory. Work at this, as yet unnamed, rockshelter in the Lapedo Valley began the
following weekend, December 12-13, as a short-term expedition to initiate the task of profiling and recording the remnant deposits preserved above extant ground surface and to verify by subsurface archeological testing if an in situ skeleton was still there. Cidália Duarte,
helped throughout by Ana Cristina Araújo, excavated the burial, while JZ investigated the
remnant deposits and started work towards the establishment of a preliminary stratigraphic
framework for the site. A horizontal grid was laid out over the existing surface and the area
over which it was likely that a juvenile skeleton could be laid began to be slowly excavated.
Finally, in the late afternoon of Sunday, December 13, at a depth of 5-10 cm, and after several cranial fragments and the mandible (which preserved the symphysis and almost all of
the left side) were recovered in disturbed sediments, an extensive red stain was observed.
It was roughly the size of a 4-5 year old child, the age inferred by Cidália Duarte from the
dentition preserved in the mandible that had been excavated the day before.
It was clear, therefore, that a largely intact burial was indeed preserved at that place,
and the prominent chin of the mandible indicated that this was a modern human child,
not a Neandertal. This convinced the team that, as initially suspected, the burial was of
early Upper Paleolithic age, in accordance with the extensive ochre-staining and with the
fact that the weekend’s product of the work in the hanging remnant stratigraphically
above confirmed the presence of Solutrean and Proto-Solutrean or Terminal Gravettian
components. The test area was carefully covered, sealed and disguised, and arrangements
were made with the landowner for surveillance of the site during the day by a member of
STEA until the team could come back to conclude the salvage work, the following Friday,
December 18.
On the evening of December 13, the same day the burial was confirmed, and realizing
the potential significance of the discovery, JZ sent an e-mail message to ET describing the
site and finds and asking for advice on how to proceed with the excavation (Fig. 2-1). Copies
of the same message were sent to a few other colleagues, namely Francesco d’Errico, Paul
Goldberg, Tony Marks, Paul Pettitt and Chris Stringer. Starting December 18, JZ began to
take digital images of the burial excavation and send them to ET by e-mail, for both his edification and to ask questions regarding the daily progress of the work. Although JZ had
plenty of experience excavating Paleolithic sites and Cidália Duarte was highly knowledgeable and experienced in the excavation of human burials, neither of them had ever excavated
a Paleolithic human burial. ET, although less experienced in field excavations, had excavated
and reconstituted Paleolithic human remains in the laboratory, most recently the Dolní
Věstonice 3 postcrania that had been removed years before to the Moravské Zemské
Muzeum en bloc.
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– December 13, 1998. Facsimile of the e-mail message announcing the discovery that João Zilhão
sent to Erik Trinkaus and other colleagues.
FIG. 2-1

Gradually, the skeleton emerged (see Figs. 2-2 to 2-5), exposing the shoulder region, the
thorax, lumbar and pelvic areas, legs and feet. The remainder of the left hand bones were found
in the same disturbed area close to the shelter’s wall that yielded the bones of the left forearm
of the original discovery, but the right arm and shoulder were largely destroyed (being furthest
from the shelter wall). The axial skeleton, the lower limbs and the right hand, however, were
exceptionally well-preserved and undisturbed (see Chapter 11). Most of the cranium was lacking, because, laying at higher elevation, it had been hit by the earth-moving equipment and
its fragments dragged and scattered eastward, as eventually shown by the post-salvage work
at the site (see below).
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FIG. 2-2 – December 19, 1998. Cidália Duarte
prepares for continued excavation of the surface
exposed in square L20 during the previous
weekend, when red staining in the sediments
confirmed the presence of an intact burial.

FIG. 2-3 – December 20, 1998. The burial feature at
the end of the day, as the thorax and upper legs
began to be exposed and the first evidence of
charcoal in the lower limb area of the burial pit is
found.

– December 21, 1998. Work advanced
towards the lower legs and feet of the child, and
abundant charcoal is uncovered, confirming that
fire had been part of the burial ritual.
FIG. 2-4

– December 27, 1998. The skeleton is fully
exposed, drawn and mapped. The different body
parts are now going to be taken out of the
ground and moved to the lab.
FIG. 2-5
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The excavation continued every day until January 8, 1999, including Christmas and New
Year’s Day. The team left the site earlier than usual only on Christmas Eve, the traditional
time in Portugal to celebrate the holiday with one’s family, but they returned to work the next
morning. Among others, there were two main kinds of reasons to be at the site every day.
First, it was a salvage excavation with fragile Paleolithic juvenile human remains exposed on
the surface; the cold and humid weather (it rained almost without interruption throughout
those long three weeks after December 18) made it difficult or impossible to apply consolidants, and every day of aerial exposure of the skeleton visibly altered the condition of the bone
and the color of its ochre-cover. Second, local people started to notice this group of persons
heading to the site on a daily basis and curiosity started to arise on what might be happening there. Both reasons impelled the team to try to complete the operation with the shortest
possible delay and while being out of the public’s eye, to guarantee the needed tranquility.
For this reason, in fact, the find was not divulged, and only a very small number of people
were informed of the reasons why JZ, then director of the IPA, Portugal’s antiquities department, had suddenly disappeared from his office in Lisbon. Inside the profession, only the
head of the Physical Anthropology department at the University of Coimbra, Eugénia Cunha,
was informed. The team invited her to come to the site for a first hand acquaintance with the
fossil as it was being exposed and she would eventually visit the excavation on December 23.
By then, a few local visitors had also appeared at the site to see what was being done, and
it became clear that security was a major concern. From the beginning, the team had lived
in fear that someone, more out of curiosity than malice, would destroy the skeleton before
it could be fully and properly excavated and, with the help of the municipality and the district
governor, security personnel was hired to ensure the site’s protection on a 24-hour basis,
beginning on the night of Christmas Eve, December 24. This was timely because, the following day, the Portuguese Public Television (RTP) (a crew of which had been invited by the
team to produce a professional video record of the excavation after December 21 and took
extensive footage of the discovery from then until the end of the salvage operation) opened
the holiday evening’s news with the story of the “Christmas child” that had been found in the
Lapedo Valley. It featured interviews made at the site with the excavators and views of the
skeleton, exposure of which had become basically completed that same day. Even if, at the
request of the team, the exact location of the find was not given, the Lapedo Valley was easily identified by local people and the news of where the work was taking place spread very
quickly. The other media, both TV and newspapers, national and regional, became interested
and guaranteed extensive coverage of the find almost on a daily basis until mid-January (Fig.
2-6). As a result, hundreds of visitors started to pour into the site, to the extent that formal,
scheduled (morning, lunch-time and late afternoon) tours of the excavation had to be organized in order to satisfy the curiosity of the public while, at the same time, securing for the
team as much as possible of daylight time and the peace and quiet needed to conclude the
last stage of the excavation, the removal to the lab of the exposed skeleton.
In the meantime, ET was in St. Louis finishing the fall semester and exchanging
almost daily e-mails with JZ. They had become connected the previous year when JZ had
contacted ET asking him if he would be willing to work on the Middle Paleolithic human
remains that were starting to be found in the Gruta da Oliveira in the Almonda karstic system, near Torres Novas (Chapter 1). ET had thus become the unofficial human paleontologist for the team, since there were no Portuguese human paleontologists despite a long tradition of Holocene skeletal biology among Portuguese anthropologists.
Shortly before Christmas ET could resist no longer, and with his family’s permission
arranged to go to Portugal to see the “Lapedo child” during the week between New Year’s
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– December 27, 1998. Diário de Notícias article reporting on a 25 000 year old child burial found near Leiria and
emphasizing its contemporaneity with the Côa Valley rock art.
FIG. 2-6

– January 3, 1999.
João Maurício, Pedro Souto,
Ana Cristina Araújo and Cidália
Duarte have already excavated
around the thoracic cage and
prepared a box for its en bloc
removal, the last stage of the
salvage operation.
FIG. 2-7
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and the start of the spring semester. He was delayed a day by the closure of the St. Louis
airport and made it through New York as the snow was falling, but arrived in Portugal in
time to help with the final excavation of the thorax but mostly to begin cleaning and
reassembling the portions of the skeleton that had been taken out in sections and were in
the laboratory in the Museu Nacional de Arqueologia in Lisbon. He did this principally for
the mandible, the left temporal region, and the long bones of the left arm and the legs. The
idea was principally to get enough information to assess age-at-death, overall body size and
general preservation, for both the planning of future analysis and the preparation of a preliminary report on the discovery. While he was in the museum working, Cidália Duarte
arrived with the last of the skeleton, the thorax en bloc (Fig. 2-7). The “Lapedo child,” after
many millennia in the ground, had found a new home and people to take care of it.
The site also had a name. Even though it continued to be referred to by the valley name,
the site had since been named by JZ the Abrigo do Lagar Velho, after the old (velho) ruined
olive oil press (lagar) at the edge of the rockshelter. The child became, following human paleontological convention, Lagar Velho 1.

The Preparation, Excavation and Analysis
Once the child had been taken to Lisbon, and before ET returned home and the excavation team took a well-deserved rest, Cidália Duarte, JZ and ET discussed what should be
done next. It was apparent, that with a principally Portuguese team from the IPA, JZ would
lead a systematic excavation of the site starting the following summer, to provide a context
for the burial, recover any remains of the child that might have been scattered by the bulldozer, and see what other archeological remains might be present under the modern land
surface. ET suggested putting together a team for the paleontological analysis of the skeleton, proposing initially two individuals who were already working with him on the Pavlov
and Dolní Věstonice Gravettian human remains in Moravia, Trenton Holliday and Simon
Hillson. It was also suggested that Jaroslav Bru žek (another member of the Moravian
team) and Chris Ruff might be appropriate. Subsequently, as more cranial remains were discovered in the subsequent field season, Fred Spoor, Robert Franciscus, and the team of
Christoph Zollikofer and Marcia Ponce de León were invited to bring their expertises to the
project.
The following May, ET and Trent Holliday spent two weeks in Lisbon, the latter excavating the axial skeleton from its block in the laboratory and ET continuing the process of
cleaning, reassembling and cataloging the cranial, dental and limb remains. Chris Ruff visited Lisbon in August 1999 to study the limb bones and collect data for cross-sectional geometric analysis of the limb bone diaphyses. In January 2000, Simon Hillson joined ET in
Lisbon to continue the analysis, and then during the summer of 2001 Trenton Holliday
returned to complete his analysis of the axial skeleton, and the remainder of the team
(Franciscus, Spoor, Zollikofer and Ponce de León, plus ET) visited Lisbon, where the skeleton had been transferred to the Instituto Português de Arqueologia, to CT scan the remains
and collect the remainder of the paleontological data. And since additional teeth had been
found in the screened sediments since January 2000, Hillson returned for a final trip in January 2001.
In the meantime, during the stay of Holliday and ET in Lisbon in May 1999, a television crew from American Public Television (NOVA) visited Lisbon for the first of several
foreign television groups to record footage on the discovery. When JZ and the television
0
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crew visited the site, they were accompanied by Trent Holliday and met there by João Maurício and Pedro Souto. While JZ was being interviewed on camera, Holliday and Maurício
prospected along the cliff to the east of the burial site and discovered a handful of tooth
crowns and cranial fragments from the child. These finds strengthened the team’s belief
that indeed portions of the cranium and dentition had been scattered around the burial, as
inferred during the salvage excavation. The inference would be confirmed by the systematic excavation and screening of the disturbed sediments in the area surrounding the burial, carried out the next summer by Cidália Duarte. At the same time, JZ organized the systematic excavation of the area just to the west of the burial for stratigraphic reasons and further west to determine what else archeological might have been preserved. These archeological excavations were subsequently taken over in 2000 by Francisco Almeida, who discovered a rich later Gravettian living surface a few centimeters below ground level, directly
below the westernmost, archeologically richest area of the hanging remnant.

The Hybrid Hypothesis
During the excavation and the initial assessment of the remains, both in the field by
Cidália Duarte and in the laboratory in January 1999 by ET, it was assumed that Lagar
Velho 1 was a well preserved Gravettian early modern human juvenile. Although skeletons
of adults from this time period were reasonably well known from across Europe, well-preserved remains of juveniles were rare (see Chapter 33), and it therefore promised to fill in our
knowledge of the growth and development of these Middle Upper Paleolithic early modern
humans. This assessment was initially based on the clear presence of a prominent chin on
the mandible, and nothing that was observed on the remains initially suggested otherwise.
In the meantime, after the announcement of the skeleton to the Portuguese media in
December, a short note was sent with an in situ photograph to Science and subsequently to
Archaeology (Holden, 1999; Harrington, 1999), and in later January JZ and ET composed a
brief announcement of the discovery which was sent with the digital image of the in situ skeleton to colleagues with a request to forward it on to other interested colleagues. One recipient, Karen Rosenberg, thanked us for the information and noted that, unlike other human
paleontologists, we did not behave as though we were part of the Manhattan Project.
During the winter of 1999, ET and JZ began the preparation of a preliminary description of the site and the skeleton, to be submitted to the Proceedings of the National Academy
of Sciences. They were waiting in part for the results of radiocarbon analyses by the Oxford
and Gröningen laboratories on fragments of the skeleton, bones and charcoal associated
with the burial, and remains from the hanging remnant. The first failed due to poor organic
preservation, but the others confirmed the Terminal Gravettian and Solutrean age of the
hanging remnant and placed the burial between 24 and 25 kyr BP, close in age to similar
ritual Gravettian burials elsewhere in Europe (Chapter 7). Incidentally, this result coincided
with the standard answer provided by the team, when, during excavation, they were pressed
by reporters to give their best guess as to the epoch of the burial event: “some time between
21 000 and 30 000 years ago, most likely ca.25 000 years ago, based on the stratigraphic
evidence and estimates of sedimentation rates” (see Fig. 2.6).
As ET began writing up a descriptive assessment of the portions of the skeleton known
so far, he noticed something very curious. The crural index of the essentially complete right
femur and left tibia was exceptionally low, below those of European early modern humans
(mature and immature), similar to those of Neandertal adults, and virtually the same as that
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– January 25, 1999. Facsimile of the e-mail message sent by Erik Trinkaus to João Zilhão and Cidália
Duarte containing the initial formulation of the admixture interpretation.
FIG. 2-8

of the La Ferrassie 6 juvenile Neandertal. It was a few days before it finally struck him; the
Lapedo child’s legs not only looked like a Neandertal, they provided solid evidence of some
degree of Neandertal ancestry. He immediately e-mailed JZ and Cidália Duarte with the
news, carefully pointing out that a mistake in his notes could not be excluded (Fig. 2-8). To
make sure, Cidália Duarte remeasured the lengths of the femur and tibia; the new measurements were within a millimeter of ET’s original lengths.
The idea of using body proportions, and particularly limb segment proportions, as a
marker of ancestry was nothing new. ET had documented the contrast between the low
brachial and crural indices of Neandertals and the high ones of European and Near Eastern
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early modern humans two decades before (Trinkaus, 1981), building on the earlier remarks
of Vallois (1958b) and Coon (1962). Given that they remained largely stable in immigrant
recent human groups and were established early in development, he used this to suggest that
European early modern humans had had some significant degree of tropical (probably African)
recent ancestry (see Chapter 32). This work had been elaborated extensively by Holliday
(1995), and had been used explicitly as part of the evidence for an Out-of-Africa model of modern human origins (e.g., Hublin, 1983, 1999). If it could be used to document gene flow from
or population movement of early modern humans out of Africa and into Europe, then by the
same biological criteria it had to be valid to employ such body proportions to indicate Neandertal ancestry in Lagar Velho 1; it was both or neither.
The manuscript in preparation consequently evolved from an announcement to the presentation of an interpretation of admixture between local Iberian Neandertals and in-dispersing early modern humans, with the implication being that Out-of-Africa occurred but without the complete replacement that had been advocated by a number of human paleontologists
and molecular biologists (see Chapter 32). However, since the Proceedings of the National
Academy of Sciences, as with Nature and Science, places a media embargo on their articles until
publication, we kept this largely (but not entirely) under our hats. ET ran it past Trent Holliday and Chris Ruff to see if they could take the argument apart. He gave a departmental colloquium at Washington University, at which one of the foremost experts on non-human primate interspecific hybridization, his colleague Jane Phillips-Conroy, was present. And he
gave a presentation of the arguments to Fred Smith and his colleagues and a few students at
Northern Illinois University. Although, to quote Fred Smith, this largely involved “preaching
to the choir,” all of the people involved had constructive comments and none of them saw any
fundamental flaws in the arguments.
However, in the middle of April, when the results of the radiocarbon analyses had come
in to JZ, he gave an interview to the Lisbon newspaper, Público, to announce the dates. During the course of the interview he let it slip that we thought that we had evidence of admixture,
or a “hybrid child.” The next issue of Público (Friday, April 16, 1999) announced on the front
page that “Neandertal cruzou-se com o homem moderno. Fóssil de criança encontrado em Leiria pode
ajudar a resolver mistério da evolução humana” and the accompanying article (de Sá, 1999)
explained the general outline of the interpretation (Fig. 2-9). We thought that the story would
remain local, but on the morning of Monday April 19th the telephones of both JZ and ET began
to ring; it had been posted on the web by the Associated Press correspondent in Lisbon. During the subsequent two weeks, the story was carried by newspapers around the world (including the front page of the Sunday April 25 New York Times — Fig. 2-10), it was on BBC World
Radio, a number of television stations, web posting of most major news sites, and subsequently
in a series of popular science and archeology magazines. The following week, ET gave a long
since scheduled talk at the New York Academy of Science and attended the annual meetings
of the Paleoanthropology Society and the American Association of Physical Anthropologists;
at all of them he gave invited impromptu talks on the skeleton. Subsequently, to deal in part
with the continuing media interest, ET and JZ composed a FAQ (frequently asked questions)
page that was posted on the web site of the Instituto Português de Arqueologia (Trinkaus and
Zilhão, 1999a).
As much as the attention was appreciated, it appeared at the time to be excessive. Consideration of it afterwards suggested what should have been apparent from the beginning; the
issue was not merely an academic argument over the phylogenetic fate of the Neandertals, but
it touched on a popular nerve concerning the distinctiveness of modern humanity and the
issue of how “innate” to our species war and aggressiveness were (Fig. 2-11). If Neandertals
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– April 16, 1999. Facsimile of the cover (left) and feature article (right) of Público releasing the admixture interpretation to
the Portuguese public.
FIG. 2-9

– April 25, 1999. Facsimile of the front-page lead to the feature article of the New York Times reporting on the admixture
interpretation to the American public.
FIG. 2-10
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FIG. 2-11

– May 1, 1999. Facsimile of an editorial of the St. Louis Post-Dispatch.

(who were human but not quite “us”) had interbred with early modern humans (who were
“us”), then the distinction between ourselves and the rest of the biological world became a bit
less. This was welcomed by the overwhelming majority of the media and general public, but
it also seemed to trigger feelings that this was not quite proper (after all, the Neandertals were
not quite “human”).
The outpourings from the general public were the most surprising. ET in particular
received unsolicited e-mails for weeks from people thanking him for “explaining Uncle
George” and wanting to know whether certain anatomical features that they had indicated
Neandertal ancestry. Indeed, one woman mailed him a set of radiographs of her head asking
for such a diagnosis; they were those of a normal modern human. Unfortunately, these messages and a number of media postings (e.g., the New York Times) stated or implied that it had
been shown that living humans had direct Neandertal ancestry. In fact, as stated in the posted
FAQ (Trinkaus and Zilhão, 1999a), “We have not the slightest idea if there are (‘Neandertal
genes’ in modern European populations), and neither does anybody else.” It was never stated
that there was Neandertal genetic continuity to the present; only that some of it occurred across
the transition to early modern humans.
It was also argued that this was not the result of a simple, opportunistic mating between
a lone Neandertal and a lone early modern human, since the child lived at least a couple of millennia after the probable period of first encounter between these two groups in southwestern
Iberia. Following on the theme of the song by the Supremes, it was stated that Lagar Velho 1
was “not a love child,” a theme that was quoted and misquoted in the media.
Whereas the public reaction to the interpretation of Lagar Velho 1 as indicating some
degree of Neandertal-early modern human admixture was overwhelmingly positive (with few
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exceptions), the academic reactions were highly mixed. In retrospect, there were very few surprises. Most of the anthropologists who saw some role for the Neandertals in European early
modern human ancestry responded positively, either enthusiastically or cautiously. Those who
had taken hardline positions against any Neandertal-modern human continuity rejected the
interpretation without serious consideration. The primary skeptics eventually persuaded by the
evidence and the arguments were Paleolithic archeologists who had never been deeply invested
in the issue.

The Publication
As the media attention was continuing, the manuscript was finalized (with the addition
of the radiocarbon dates) and submitted to the Proceedings of the National Academy of Sciences
(PNAS), to eventually appear officially on June 22, 1999 (Duarte et al., 1999). As with many
such publications, the PNAS has outside commentaries written to accompany select articles,
and this article was chosen (with the authors’ approval) for such treatment. ET even provided
copies of slides of Lagar Velho 1 for the commentators. The identity of the commentary
authors remained anonymous until publication.
However, the Friday before publication, ET learned through a communication with the
PNAS editorial office that the commentary had been written by Ian Tattersall and Jeffrey
Schwartz. He immediately sent an e-mail to the editor-in-chief of PNAS predicting that the
commentary would be a disaster. Those two individuals not only had repeatedly espoused an
approach to human paleontology that made any dynamic aspect of human population biology
(including gene flow and admixture) a priori impossible, but they had established a reputation
for a cavalier approach to the empirical realities of the paleontological record. Disaster was
expected, and when the commentary arrived it was as predicted.
The resultant commentary by Tattersall and Schwartz did not just reject the admixture
hypothesis as a “brave and imaginative interpretation” (1999, p. 7119), but in attempting to so
do it accumulated more than thirty errors, ranging across anatomical misidentifications, misuse of anatomical terminology, misquotes of sources, misuse of cladistic terminology, failures
to account for well-documented variation in features, lack of biomechanical understanding,
and lack of appreciation for developmental processes. These errors were detailed in a reply
(Trinkaus and Zilhão, 1999b), which (given that the PNAS commentary had already received
global print and electronic distribution) was distributed to colleagues by e-mail and posted on
the IPA’s web site. It also contained an explicit, if logical, statement on the inappropriateness
of the authors of the commentary to write on the subject.
The episode was unfortunate. Rather than provide constructive commentary, even with
criticism, the contribution of Tattersall and Schwartz (1999) did little more than confuse the
issues and the empirical record. The responses in the media consisted mainly of name calling, some of it anonymous, by individuals resenting the media attention which Lagar Velho
had generated.

The Continuation
Since the summer of 1999, fieldwork has continued at the Abrigo do Lagar Velho, primarily extending the excavation of the Gravettian levels discovered below the hanging remnant.
As research progressed, updates of the original PNAS article, focusing for the most part on the
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implications of the find for the issue of modern human origins, were published in other scientific journals (Trinkaus et al., 1999b, 2001; Zilhão 2000c, 2001b; Zilhão and Trinkaus,
2001). As part of the team’s continued policy of openness to colleagues, several anthropologists took time to inspect the skeleton when they happened to be in Lisbon, including JuanLuis Arsuaga, Eugénia Cunha, Eric Delson, David Frayer, and Anne-Marie Tillier, and open
invitations were extended to a number of other human paleontologists.
The laboratory work, which forms the basis for much of this volume, continued in Lisbon and elsewhere, through the international team assembled to deal with the many aspects
of the site and the skeleton. The fragmentary cranial remains have yielded much more of the
skull than was thought originally possible (Chapter 17), especially when combined in a computer-assisted reconstruction (Chapter 22). The admixture interpretation has gradually become
accepted by a significant proportion of paleoanthropologists (Chapter 32), although the final
decision on that issue for many has been postponed until the publication of this volume. As
a unique Gravettian isolated juvenile ritual burial, the burial and its associated ornaments have
provided insights into Gravettian social patterns (Chapters 10, 11 and 33). From its initial stages
of discovery and excitement, and then unexpected results, the Lagar Velho project has become
more routine.
Since, as the famous baseball player Yogi Berra once stated, “prediction is difficult, especially of the future,” we do not know how our results will be received and what reanalyses of
the data in this volume might produce. However, we hope that it will bring neither acrimonious debate nor uncritical acceptance. It should be what we intended from the beginning, one
more piece in the puzzle of modern human emergence.
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The Abrigo do Lagar Velho

chapter 3

| The Archeological Framework

❚ JOÃO ZILHÃO ❚ FRANCISCO ALMEIDA ❚

The Lagar Velho rockshelter (39o 45’ 25” N; 8o 43’ 58” W) is situated in the Lapedo Valley,
near the city of Leiria, ca.135 km north of Lisbon (Fig. 3-1). This location is part of the Paleolithic
geographic province of Portuguese Estremadura, roughly corresponding to the ca.60 km wide
Meso-Cenozoic littoral strip of terrain bounded by the rivers Mondego (to the north) and Tagus
(to the south and southeast). The valley is a ca.2 km long and very deep (as much as 100 m)
incision of the Caranguejeira creek into the Cretaceous limestones that make up the northern
border of the Central Limestone massif of Estremadura. The shelter is close to the mouth of
the canyon, in a section of the valley broadly oriented east-west, and, being on the left bank of
the stream, faces due north.

FIG. 3-1 – The Lapedo Valley and Lagar Velho stratigraphic succession (black square) in their broader early Upper Paleolithic
archeological and paleoenvironmental context. Right (only sites radiometrically well dated are shown; 5-7 are open air, the other
are cave sites): 1. Buraca Grande; 2. Buraca Escura; 3. Caldeirão; 4. Lapa do Anecrial; 5. Terra do Manuel; 6. Cabeço de Porto
Marinho; 7. Vale Comprido – Cruzamento; 8. Casa da Moura; 9. Pego do Diabo. Left: A. OIS 2 mountain glaciations of Peneda,
Gerês and Cabreira; B. Côa Valley Paleolithic rock art; C. Cortegaça scots pine paleoforest; D. OIS 2 mountain glaciation of
Estrela; E. Almonda karstic system; F. core MD95-2042.
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The place (Fig. 3-2) was identified as a prehistoric site in late November 1998 (see
Chapter 2). At the time, terracing carried out a few years before had already removed most
of the upper 2-3 m of the stratigraphic succession, of which only a small hanging remnant
survived inside a fissure running along the shelter’s back wall, 1.5-3 m above the new
ground surface (Fig. 3-3). The latter is ca.83 m above modern sea level and ca.4 m above the
rocky bottom of the creek, from which it is separated by an anthropically modified escarpment originally created by fluviatile incision. Three deep soundings connected by trenches
and one open space excavation area provide evidence relating to the site’s subsurface
sequence.

– The Lagar Velho rockshelter. View of the site from above, taken from the opposite (north) side of the Caranguejeira
canyon, at the time of discovery, December 1998.
FIG. 3-2

FIG. 3-3 – The Lagar Velho rockshelter. View of the site at the time of discovery, December 1998, taken at ground level from the
west. The two persons in the distance are directly in front of the emplacement of the child’s burial. The three persons closer to
the camera are in the area of the site most sheltered by the overhang, directly in front of the richest section of the hanging
remnant; the EE15 paleosurface would be exposed a few centimeters below their feet in subsequent field seasons.

Fig. 3-4 provides a site plan with grid and excavation areas and Fig. 3-5 is a schematic
frontal view of the site containing summary information on its stratigraphy and dating. The different archeological components identified are described in the following sections. The overall
stratigraphic succession and the rationale behind the system used to describe and name its
units — the different geoarcheological complexes — is presented and discussed in Chapter 4,
together with the site’s local and regional geological and geomorphological context.

The Basal Alluvium, ca.30 kyr BP
Until ca.23 kyr BP, the observed succession shows marked lateral variation. East of the
bedrock outcrop located in the area of square J17, the base of the succession corresponds to
slope deposits made up of cryoclastic elements embedded in a loamy matrix — complex bs
(lowest slope deposit). To the west, the base of the succession corresponds to complex al (alluvial), made up of laminated sands alternating with silt layers and filling a depression extending
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FIG. 3-4

– Lagar Velho. Site plan and grid (elevations in cm; datum = 85.93 m above modern sea level).

FIG. 3-5

– Lagar Velho. Schematic frontal view and chronometric framework (elevations in cm).

as far as square F3, where bedrock outcrops again. A major unconformity separates these basal
deposits from the overlying transitional complex tc (transitional), identified in all soundings.
A sample of horse bone collected in F3 some 75 cm below the truncated surface of the al
complex yielded the result of 29 800 ± 2500 BP (OxA-11318). A sample of large mammal (red
deer or horse) bone collected at the interface between the bs and tc complexes in square K20
yielded the result of 27 100 ± 900 BP (OxA-10849) (Table 3-1). Although a date for the beginning of the process remains to be clarified by ongoing OSL research at the site, those two
results make it clear that the accumulation of the al complex did not continue beyond ca.27 kyr
BP and, quite possibly, that it had already come to an end ca.29 kyr BP.
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F3

al complex, base

Cervus (third phalanx)
Cervus (os coxae)
charcoal (Pinus sylvestris)
Equus (metapodial diaphysis)
Equus or Cervus, shaft
fragment
Equus (mandible)

OxA-11318

OxA-8423
OxA-8421
GrA-13310
OxA-10674
OxA-10849

OxA-8422

OxA-9572

Beta-139361

Wk-9571

OxA-9571

Wk-9256

OxA-10303

OxA-8419
OxA-8420
Sac-1561
OxA-8418

OxA-8426

OxA-8425

OxA-8424

Lab number

29 800 ± 2500

24 520 ± 240
24 660 ± 260
24 860 ± 200
24 950 ± 230
27 100 ± 900

23 920 ± 220

23 170 ± 140

>22 720 ± 90

23 042 ± 142

23 130 ± 130

22 493 ± 107

22 390 ± 280

20 220 ± 180
21 180 ± 240
21 380 ± 810
22 180 ± 180

20 570 ± 130

22 670 ± 160

22 300 ± 300

C14 Age BP

burial event
burial event
burial event
beginning of tc
terminus ante quem for
truncation of bs

burial event

Late Gravettian occupation
of the EE15 paleosurface
Late Gravettian occupation
below EE15 paleosurface
Late Gravettian occupation
of the SW02D hearth
Late Gravettian occupation
below EE15 paleosurface
Late Gravettian occupation
below EE15 paleosurface

Late Gravettian lens

Middle Solutrean occupation
Terminal Gravettian occupation
Terminal Gravettian occupation

Archeological significance

accumulation of al

end of tc

terminus ante quem for
sedimentation hiatus
between ls and ms
terminus post quem for
sedimentation hiatus
between ls and ms

beginning of ms

beginning of us
inherited material
in cut-and-fill feature
terminus post quem for
truncation of ms TP03

inherited material in
cut-and-fill feature
inherited material
in cut-and-fill feature
inherited material
in cut-and-fill feature

Geological significance

The direct dates on the child’s skeleton that failed because of sample contamination problems are not included. For further contextual and chemical details, see Chapters 4 and 7.

L19, outside burial pit
L20, edge of burial pit
L20, underlying legs
J13, spit 24
K20, spit 13

gs complex, child’s burial
gs complex, child’s burial
gs complex, child’s burial
tc complex, base
bs complex/tc complex interface

Burnt bone

J13, spit 14

Oryctolagus (vertebra)

Burnt bone

J13, spit 14

L20, overlying legs

Bone

F3

gs complex, child’s burial

Equus (burnt phalanx)

charcoal (Pinus sylvestris)

Q.B

J13, spit 12

charcoal
charcoal
charcoal
charcoal

Q.W
Q.W
Q.Z west
Q.A

charcoal (Pinus sylvestris)

charcoal

Q.Z

H4

charcoal

Q.Z

ms complex, upper subsurface
archeological level
ms complex, lower subsurface
archeological level
ls complex, lower subsurface
archeological level
ls complex, lower subsurface
archeological level
ls complex, lower subsurface
archeological level

charcoal

Q.Z

us complex, TP08, fill of
erosional channel, top
us complex, TP07, fill of
erosional channel, middle
us complex, TP07a, fill of
erosional channel, bottom
us complex, TP09
us complex, TP06
us complex, TP06
us complex, TP06, fill of
erosional channel
ms complex, TP01

Sample type

Spatial provenience

Stratigraphic provenience

Table 3-1
List of radiocarbon dates for the Lagar Velho rock-shelter.

Rare and scattered bones of large mammals were found at different elevations inside
the deposits of the al complex in both the J13 and F3 test pits (see Chapter 6). Their surface
condition presents evidence of the kind of abrasion to be expected in such a sedimentary
environment, but of a very low level, consistent with displacements over short distances.
Some of the material collected in F3 displays cut-marks, suggesting that these bones,
although found in fluviatile deposits, are related to human activity in nearby river margin
areas. Given the combined evidence from different sites, which indicates that, in Portugal,
the Middle-Upper Paleolithic divide lies ca.28 kyr BP (see below and Chapter 34), such
activity is likely to have been related to regional late Neandertal populations. The uppermost layer 8, dated to 31 900 ± 200 BP (GrA-10200) and 32 740 ± 420 BP (OxA-8671), of
the Middle Paleolithic sequence currently under excavation in the Gruta da Oliveira
(Almonda karstic system), ca.40 km to the south, provides a more complete record of
Neandertal environments and adaptations at this time and place (Zilhão, 2000b; Marks et
al., 2001).

The “Bone Level” in K20, ca.27 kyr BP
Given the large standard deviation associated with the sample from the alluvial
deposits, and the absence of direct stratigraphical connections, the chronological relation
between the al and bs complexes is not yet fully clarified. Two hypotheses are consistent with
the evidence: their accumulation may have been penecontemporaneous and date to between
ca.35 and ca.27 kyr BP; or the accumulation of al ended ca.29 kyr BP and predates that of bs,
which would have taken place some time during the interval between ca.29 and ca.27 kyr
BP. Under the first hypothesis, the cut-marked bones found in the alluvial deposits could be
interpreted as discards produced in the framework of close-by human activity related to the
accumulation of the subaerial bs complex. However, the rates of sedimentation for colluvial
deposits measured further up in the stratigraphic succession (see below) indicate that the
second hypothesis is more realistic.
The cryoclastic nature of bs is also consistent with constraining its deposition to the
one or two millennia before ca.27 kyr BP, a cold period related to Heinrich Event 3, which
began ca.28 kyr BP (ca. 31.5 kyr cal BP) and whose major climatic impact on the Iberian
Atlantic seaboard is readily apparent in the pollen profile of the deep-sea core MD95-2042,
located off the mouth of the Tagus (37o48’N, 10o10’W, -3148m) (Sánchez Goñi and d’Errico,
2001; Sánchez Goñi et al., 2002) (Fig. 3-6). Independent confirmation of these conditions
based on continental data is supplied by the dates obtained from the fossil wood of Pinus
sylvestris trees bogged in lagunar sediments exposed by the tides at the Cortegaça beach
(Esmoriz), south of Oporto. Of the 11 dates obtained so far (Table 3-2), two relate to the Last
Glacial Maximum and the remaining nine cluster in two groups: five dates, averaging 28.0
kyr BP, encompass the period between ca.29 and ca.27 kyr BP, and four dates, averaging
25.2 kyr BP, encompass the time between ca.25.4 and ca.24.5 kyr BP.
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Table 3-2
List of radiocarbon dates for the fossil Pinus sylvestris trees of the Cortegaça beach
(after Granja and Soares de Carvalho, 1995, and Soares, personal communication,
for the ICEN- results).
Sample type
Wood, branch
Wood, trunk
Wood, branch
Wood, trunk
Wood, trunk
Wood, trunk
Wood
Wood
Wood, trunk
Wood, trunk
Wood, branch

Lab number

Result BP

KSU-2203
I-16733
KSU-2208
KSU-2201
AEVC-1513
KSU-2202
ICEN-628
ICEN-627
GSC-5379
GSC-5541
GSC-2393

20 700 ± 300
22 600 ± 550
24 500 ± 260
25 300 ± 160
25 390 ± 440
25 400 ± 240
26 840 ± 460
27 130 ± 420
28 000 ± 100
29 000 ± 690
29 100 ± 510

FIG. 3-6 – The later OIS3 and early OIS2 sections of the GISP2 ice core and of the deep-sea MD95-2042 core (based on SánchezGoñi and d’Errico, 2001, Fig. 1) compared with the clusters of calibrated radiocarbon dates for the Cortegaça scots pine trees
(data from Table 3-2).

This pattern of dates suggests that the Cortegaça deposits record two pre-Last Glacial
Maximum moments of advance down to sea level of the scots pine forests which, in today’s
Iberia, are found only in montane or alpine environments (see Chapter 5). The later half of
the earliest of these two moments correlates with the peak in ice rafted debris documented
ca.27 kyr BP (that is, ca.30.5 kyr cal BP) in core MD95-2042, and both coincide with periods
when the mean temperatures of the coldest month inferred from pollen data were 5o C lower
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than at present. These periods, in turn, correlate well with the two stadials recorded in the
GISP2 ice core between ca.29 and ca.24.5 kyr BP (that is, between ca.32.5 and ca.28 kyr cal
BP) (Fig. 3-6).
No artifacts were found in the bone level located at the interface between the bs and tc
complexes in square K20. Topographically, this level seems to extend sagittally into the back
of the shelter, that is, into the area of squares K-M/19-20 and at elevations yet to be excavated; only future archeological work will clarify its nature and origin. None of the bones had
cut-marks, and there is significant evidence of carnivore activity (see Chapter 6, where this
bone assemblage is discussed as that in the bs complex). It remains possible, though, that
the animal remains relate to some extent to human use of the site, in which case the single
radiocarbon date available is consistent with either a latest Middle or earliest Upper
Paleolithic occupation. In fact, the most recent reliable date available for a Mousterian context in Portugal is that obtained for uppermost layer K of the cave site of Caldeirão (Tomar)
— 27 600 ± 600 BP (OxA-1941); and the only Aurignacian context so far dated in the country is that from basal layer 2 of the cave site of Pego do Diabo (Loures), for which a conventional result of 28 120 +860/-780 BP (ICEN-732) is available (Zilhão, 1995, 1997, 2000b;
see also Chapter 34).

The Erosive Hiatus, ca.27-25 kyr BP
The tc complex is made up of alternating loam and sand deposits filling an elongated NWSE depression incised in the al alluvium, which immediately underlies that complex in the central and western parts of the site. In the eastern part, as mentioned above, the tc complex overlies the bs complex. A single date is available for tc: 24 950 ± 230 BP (OxA-10674). It was
obtained from a bone sample collected in spit 24 of square J13, at the base of the complex. Since
the “bone level” at the interface between bs and tc is dated to ca.27 kyr BP, the period between
ca.27 and ca.25 kyr BP would seem to be represented, at Lagar Velho, by a hiatus. This hiatus
is probably related to renewed karstic activity. The existence of a functioning spring outlet, during this period, in the area of squares K-L/12-15 of the grid, can be inferred from the geometry
of the basal deposits in the central part of the site (see Chapter 4).
This inference is consistent with patterns of accumulation and erosion previously reported for the open air sites of the earliest Upper Paleolithic of Portugal (Zilhão, 1995, 1997a).
Rolled Aurignacian and early Gravettian lithics are present in the fluviatile terraces accumulated in the Arruda dos Pisões area, a few kilometers downstream from the Rio Maior basin,
where Aurignacian and early Gravettian sites are known in the higher interfluvial reaches.
Such sites are absent, however, from the valley bottoms, where, as suggested by the situation
observed at Arruda dos Pisões, they must have been eroded away. This situation is in turn suggestive of a period of increased humidity some time between ca.27 and ca.25 kyr BP, followed
by major valley incision, coinciding with the global decrease in sea levels as the Last Glacial
Maximum approached. The Lagar Velho data are consistent with this interpretation, as is the
evidence for increased annual precipitation between ca.26 and ca.25 kyr BP inferred from the
pollen profile of the MD95-2042 core. The same applies to the fact that none of the Cortegaça
scots pines are dated to the period corresponding to the hiatus between al/bs and tc. Moreover,
in the GISP2 ice core, this period corresponds to an interstadial (Fig. 3-6).
The fact that no anthropic remains radiometrically or typologically dated to between ca.27
and ca.25 kyr BP were found, even if in derived position, inside the deposits of the tc complex,
suggests that humans were not using the site throughout the time interval represented by the
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hiatus. Elsewhere in Portuguese Estremadura, the archeological evidence securely dated to that
period is also very scarce and comes from only two sites. At Buraca Escura (Pombal), layer 2f,
corresponding to the fill of a small (< 1 m2 has been excavated so far) erosional feature affecting the truncated basal Middle Paleolithic sequence of this cave site, yielded a radiocarbon date
of 26 560 ± 450 BP (GifA-97258) (Aubry et al., 2001). That layer contained an assemblage of
only 24 ibex remains belonging to two individuals (one juvenile and one adult), three of them
bearing carnivore marks, and a single artifact, a large distal fragment of a Gravette point. The
situation at Caldeirão is not much better. Layer Jb of the site, directly overlying Mousterian
layer K, yielded a date of 26 020 ± 320 BP (OxA-5542), but in the 4.7 m2 excavated there were
only 42 lithic artifacts (excluding chips and chunks), of which nine were non-diagnostic
retouched tools, plus three shell ornaments (Zilhão, 1995, 1997). Several hundred animal bone
fragments were recovered, but zooarcheological analysis indicates that carnivores, not humans,
were the primary accumulators of this assemblage.

The Transitional Complex, ca.25 kyr BP
A terminus ante quem of ca.25-24.5 kyr BP for the accumulation of the tc deposits is provided by the age of the burial event recorded in the overlying gs complex (see below). The burial context in square L20, however, was situated ca.2 m above the base of tc in square J13,
whence came the sample dated to ca.25 kyr BP. The geometry and texture of the deposits indicate a very rapid accumulation of the tc sediments, in no more than a few decades or centuries,
and the radiocarbon evidence is consistent with this inference.
The activity of scavengers is well documented in the animal bone remains from the tc levels of square K20, particularly where the remains of red deer are concerned (20% show carnivore tooth marks and signs of having been partially digested). This is also the case, but less so,
in square J13, where bones affected by carnivore action represent less than 1% of the total
assemblage (see Chapter 6). No cut-marked bones were identified, and no artifacts were recovered in these levels.
The only possible evidence for the presence of humans is scattered charred bone fragments. However, these are all very small and more likely to indicate human activity at the
regional, not the local scale. Their presence in the deposits may result, for instance, from the
erosion and redeposition of anthropic soils originally formed elsewhere in the valley, upriver,
or at higher elevation, in the plateau incised by the Lapedo canyon. These minute charred bone
fragments are in all likelihood, therefore, an inherited component brought in with the colluvial
soil-sediment accumulated in the shelter, not material that became incorporated in previously
accumulated sediments as a result of in situ human activity.
This would explain the contrast with the pattern observed in the ms and ls complexes
overlying the tc complex in square J13 (Table 3-3). The former also lack any artifacts, but they
contain larger pieces of burnt bone, and the total weight of the recovered samples is of a different order of magnitude: 85 g in the mc levels and 65 g in the ls levels, against only 7 g in
the tc levels. Compounding the weight data by the volume of excavated sediment makes the
contrast become sharper: 340 g/m3 in ms, 433 g/m3 in ls, and 12 g/m3 in tc. Even in the
absence of lithics, these figures hinted at actual human occupation of the place during the
time period represented in the ms and ls deposits, and the suggestion would be confirmed
subsequently by the results of the adjacent open space excavation designed to test the
hypothesis (see below).
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Table 3-3
Vertical distribution of burnt bone fragments in square J13.
Geoarcheological
complex

Excavation
spit

Spit
thickness (cm)

Number
of fragments

Weight
(g)

Average
weight (g)

Density
(g/m3)

9
10
11
12
13
14
15
16
17
18
19
20

10
5
5
5
5
10
10
10
10
10
10
10

20
4
37
58
10
107
3
2
6
11
5
3

14
1
39
31
2
63
1
1
1
2
1
1

0.70
0.25
1.05
0.53
0.20
0.59
0.33
0.50
0.17
0.18
0.20
0.33

140
20
780
620
40
630
10
10
10
20
10
10

-

25
15
60

119
117
30

85
65
7

0.71
0.56
0.23

340
433
12

ms
ms
ms
ms
ls
ls
tc
tc
tc
tc
tc
tc
ms (spits 9-12)
ls (total)
tc (total)

Paleoenvironmental inferences derived from faunal analysis (see Chapter 6) suggest a
more temperate environment than during the accumulation of the bs complex, given the presence of roe deer, wild boar, squirrel and Gliridae, species whose habitat ranges are associated
with forests. If the valley bottom was occupied by a dense woodland, the rockshelter may have
been of difficult access, or unattractive, for human occupation, explaining why humans did not
frequent the place. The small size of the samples, however, means that such inferences are only
tentative and need to be confirmed by future research.

The Lagar Velho Child’s Burial, ca. 25-24.5 kyr BP
Stratigraphic correlation between the eastern and western parts of the site in the upper
zones of the tc complex is tentative, because the pre-discovery terracing and the salvage excavation of the child’s burial left no continuous longitudinal record of the succession. A gs (gravel and sand) complex was identified above the tc complex in the easternmost sounding (squares
J-K/20). It cannot be excluded that the gs sediments correspond in fact to a lateral variation of
tc related to intense surface water activity in this part of the shelter (see Chapter 4). However,
both the topographical relation between the two complexes observed in that sounding and the
radiocarbon evidence reviewed above suggest that the formation of the texturally and structurally different gs deposits does indeed post-date the accumulation of tc.

Dating and Ritual
The four reliable radiocarbon results for the burial (see Chapter 7) are comprised between
23 920 ± 220 BP (OxA-8422) and 24 860 ± 200 BP (GrA-13310). The former comes from a
rabbit vertebra, part of an ensemble of semi-articulated vertebrae and ribs lying directly across
the child’s lower leg bones; the latter comes from a charcoal lens immediately underlying the
child’s right legs. These results stratigraphically constrain the age of the burial event to between
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ca.25 and ca.24 kyr BP. That age can be further refined as lying between ca.25 and ca.24.5 kyr
BP, given the results obtained for two red deer bones spatially associated with the burial context: 24 660 ± 260 BP (OxA-8421) for a male right pelvis found next to the child’s right shoulder, and 24 520 ± 240 BP (OxA-8423) for a third phalanx from in situ gs deposits at the same
elevation, near the edge of the burial pit, but outside of it (Fig. 3-7).
An extensive discussion of the taphonomy of the burial and inferred ritual features is presented in Chapters 8-11. A shallow pit was excavated in contemporary deposits, and a scots pine
branch was then burned in the bottom of the pit as part of its ritual preparation to receive the
child’s body, as suggested by the fact that the charcoal remains recovered under the leg bones
came from a single stem. The child was wrapped up in an ochre-painted shroud and placed in
extended position, with a slight inclination towards the back wall of the shelter; the head was
to the east, leaning on the left side, the legs were slightly flexed, feet tucked together, and the
right hand rested alongside the hip. The child had a Littorina obtusata shell pendant around the
neck, and a second Littorina obtusata broken bead recovered in disturbed deposits immediately overlying the in situ burial context may also have belonged to it. On the forehead, the dead
child wore a headdress made of four red deer canines probably arranged symmetrically (the
two smaller at each end, the two larger ones in the middle). A juvenile dead rabbit was placed
on top of the wrapped-up body, across the child’s lower legs, where the dated ensemble of vertebrae and ribs remained in situ, other skeletal parts of the same animal having been found
scattered inside the burial pit.
It was previously hypothesized that the two male red deer pelves found by the child’s right
shoulder and feet were also associated with the burial ritual, either as construction material or
as meat offerings (Duarte et al., 1999; Zilhão, 2001b). The zooarcheological analysis of the
hypothesis was not conclusive (see Chapter 8), but, taphonomically, this seems indeed to be the
most reasonable explanation (see Chapter 11 and below).

– Composite drawing of the Lagar Velho child’s burial with provenience of the dated radiocarbon samples and of the in
situ items associated with the burial ritual.
FIG. 3-7
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Origin of the Red Deer Bones
The animal bone assemblage recovered from the sediments of the burial pit and immediately surrounding it at the same elevation (Assemblage 2 of Chapter 8) is essentially made up
of extremely small unidentified fragments. The amphibians and rodents are natural components of the deposits, as are, with the above mentioned exception of the juvenile rabbit originally placed across the child’s legs, most of the rabbit material and seven tiny burnt fragments.
The latter, if not intrusive, are more parsimoniously interpreted as representing an inherited
component of the sediment, as argued above for the burnt bone component of the tc complex,
rather than the result of contemporary non-funerary human activities.
Among the fragments of larger mammals in the unidentified fraction of Assemblage 2,
three show evidence of chewing. The single specimen identified as horse is much eroded and
came from outside the burial pit. This material, therefore, in all likelihood is a natural component of the deposit, in this case related to carnivore activity, if not entirely at least to some
extent. The microfauna, the rabbits and the very small burnt bone fragments recovered in the
in situ levels of the gs complex underlying the burial in squares K20 and L20 (Assemblage 3 of
Chapter 8) have the same origin as those in Assemblage 2. The medium to large mammals of
Assemblage 3 are represented by red deer and a single specimen of horse. Twenty-five percent
of the red deer bones are heavily gnawed and probably semi-digested. Digested pieces are also
well represented among the bone fragments of mammals of this size classes which were
unidentified as to species. Moreover, many of these present a shiny surface and rounded edges
suggestive of erosion by water seeping through the sediments.
These data indicate that, whether accumulated as natural deaths or brought in by carnivores denning at the site, the bones of medium to large mammals recovered in the gs complex are extensively affected by gnawing, digestion or erosion. It is against this natural background that the eight red deer remains in the burial context have to be evaluated. Of these,
two (a distal left tibia and a left os malleolus) were recovered at the top of spit 2 in L20, slightly above the child’s body, and four (one tooth, one tooth fragment, the dated third phalanx,
and a sesamoid) were recovered at the same elevation but clearly outside the burial pit. The
other two red deer bones are the right and left pelves of two different male individuals located by the child’s right shoulder and feet, respectively. None of these eight specimens was
weathered, digested or gnawed, but none were cut-marked either, which means that their
association with the burial can only be discussed on contextual grounds. Since the other
bones come from outside the burial pit, this discussion must be restricted to the pelves; a
behavioral relation between the remaining material and the burial event is not inconceivable
but is of much more difficult evaluation.
Given the fact that they were in contact with the child and that no disturbance of the skeleton affected the contact zone, it can be excluded that these pelves represent post-burial intrusions. Therefore, if they were not positioned in the framework of the burial event, they would
have to predate it and, given that no human activity is recorded at the site during the deposition of the tc and gs complexes prior to that event, they would have to represent either natural
deaths or carnivore kills. In either case, one would expect them to have been exposed to the
same weathering agents responsible for the particular features of Assemblage 3. Instead, their
surface condition is pristine, which is all the more significant because these are also the largest
items in the animal bone assemblage recovered in the gs complex. If carnivores were chewing
around as intensively as suggested by the data for Assemblage 3, it doesn’t seem likely that they
would have left these large and fragile bones relatively intact and untouched. Their surface condition indicates, therefore, a rapid covering by sediments, removing them from access by car-
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nivores and protecting them from the action of water running through the site’s surface — as
would have been the case if the two bones were indeed associated with the burial. This is all
the more so, since rapid burial by river sediments can be excluded because the gs complex is
not of fluviatile origin.
Alternatively, it could be hypothesized that only a very short period of time had elapsed
between the natural death at the site of the two animals represented by the pelves and the
arrival of the human group that buried the child, explaining why carnivores had not been able
to touch the deer bones. If so, when humans arrived, the two skeletons would still be at least
partly articulated, and, possibly, would still be incompletely decomposed. The latter is difficult
to admit, because it carries the implication that either humans placed the burial in the middle
of two rotting deer carcasses (which is unlikely and would, in any case, imply the presence in
the sediments surrounding the burial of many more bones belonging to those two deer than
were actually found), or moved those two rotting carcasses away in order to make place for the
burial (in which case the two pelves would not have been found).
Under the hypothesis that the two pelves represent remains of deer that died of natural
causes shortly before the burial event and were lying around on the site’s surface when humans
arrived to perform the burial ritual, the only consistent interpretation of the evidence is that
they were deliberately selected and removed, or rearranged, in the framework of building an
outline for the burial pit. The issue, therefore, is whether the two bones came from animals
recently killed by the group, parts of which were placed in the burial as ritual offerings of fresh
meat, or if they were scavenged for construction purposes. In either case, they would have been
behaviorally associated with the burial, and such an association remains the most parsimonious way of explaining all the relevant facts.
Coming to terms with the above alternative is likely to be impossible. That the deliberate
offering of a rabbit is proved beyond reasonable doubt gives considerable weight to the hypothesis of offerings of fresh deer meat. Other remains of red deer displaying a good surface condition were recovered in undisturbed gs deposits from adjacent squares, but the pre-discovery
terracing of the site does not allow us to evaluate the taphonomical significance of such finds.
It can be speculated, for instance, that they were brought into the site and consumed there by
the human group that performed the burial ritual, perhaps as part of that same ritual, and that
such is also the origin of the other six deer bones from Assemblage 2, i.e., those that were
found in the sediments immediately around and above the burial pit in squares K20, L20 and
L19. But it cannot be completely excluded that some as yet undiagnosed natural process, operating during a very short time interval, protected from surface weathering and from carnivore
gnawing the bone remains of natural deer deaths occurring at the site only slightly before
(weeks? months?) the burial event.

Local Context
A single burial has been discovered at the site so far, but, given the conditions surrounding the discovery, it is legitimate to speculate that, originally, the tc and gs deposits may also
have contained other contemporaneous or penecontemporaneous graves that were destroyed,
scattered and bulldozed away. Two different lines of reasoning, however, suggest that the
funerary use of the site ca.25-24.5 kyr BP only corresponded to a single event.
First, some 56 m2 of disturbed deposits, totaling more than 5 m3 of sediments, were systematically recovered and hand-picked in the search for the child’s skull fragments and other
missing parts of the in situ skeleton (Chapter 11). No human bones other than those belonging
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to the Lagar Velho 1 child were recovered during the operation, which is an unlikely result to
obtain if other burials had existed in disturbed or removed contemporary deposits [such as has
been documented at other Gravettian sites (e.g., Mallegni and Palma di Cesnola, 1994;
Trinkaus et al., 2000b)]. Second, the burial was located in a recess of the shelter’s back wall,
forming a kind of small, shallow cavity protected by the shelter’s lower overhang (Chapter 4).
No other cavities of this type exist at that elevation, and indeed it was the spotting of this particular topography that prompted the inspection in that place of the sediments below ground,
eventually leading to the identification and excavation of the burial (Chapter 2). All sediments
inside this cavity located at the same elevation as the Lagar Velho 1 burial have already been
excavated and were archeologically sterile.
Since the deposits of the gs complex into which the burial pit was excavated lack any
other evidence of human activity besides the burial event, we are forced to conclude that, at
the time, the shelter was not being used for habitation purposes either. Consequently, this
flash of ritual activity seems to represent the single mark left by humans on the place
throughout the lengthy period of time between ca.27 kyr BP (the animal bone level at the
interface between complexes bs and tc shows that the site was accessible to humans, even if
it is eventually demonstrated that only carnivores accumulated that assemblage) and ca.2524.5 kyr BP.
Inferences derived from the geoarcheological work (Chapter 4) suggest that this pattern
may be related to a number of reasons, topographical and environmental. At the time the
burial location may have corresponded to a narrow land-bridge isolated between three water
bodies:
• to the north, the Ribeira da Caranguejeira had already begun its incision into the sand
bar deposits previously accumulated; nonetheless, its course was at a higher elevation
than at present and, thus, could occasionally overflow the escarpment created by the
incision on the left bank, where the shelter is located; this area might have been, therefore, rather wet terrain;
• to the east, the (seasonal?) waterfall draining the plateau above the edge of the canyon
down to the Ribeira da Caranguejeira;
• to the west, the inferred karstic spring whose activity may have been responsible for the
depression excavated in the shelter’s alluvial deposits some time after 27 kyr BP; the
rapid infill of that depression by the sediments making up the tc complex suggests that
such activity had already decreased significantly ca.25 kyr BP; a weaker water flow at the
place or an intermittent, perhaps seasonal spring regime, however, remains conceivable, even after the beginning of the depression’s infill.
If this reconstruction is correct, the shelter might have been unsuitable for settlement but,
nonetheless, would have represented a significant landmark in the valley bottom and, hence,
an appropriate place for such ceremonial activities as the burial of a young child.
The nearby presence of the scots pines that provided the wood for the ritual fire in the burial pit indicates colder conditions and a more open landscape than in the preceding period. This
is consistent with the evidence from the Cortegaça beach reviewed above, which demonstrates
that Pinus sylvestris forests were present at low elevation along the Portuguese seaboard
between 24.5 and 25.4 kyr BP. In the GISP2 ice core, this millennium corresponds to a short
cold interval between two interstadials (Fig. 3-6).
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Regional Context
Archeological evidence relating to the time of the Lagar Velho child’s burial is far more
abundant than in earlier Upper Paleolithic times. The cave site of Caldeirão continues to be
used, evidence for that use having been preserved inside layer Ja. Lying between layer Jb, dated
to ca.26 kyr BP, and layer I, dated to ca.23 kyr BP (Zilhão, 1995, 1997), layer Ja must represent
human activities in the Tomar region penecontemporaneous with the Lagar Velho burial event.
The 6.2 m2 excavated yielded only 68 lithic artifacts (excluding chips and chunks) of which 12
are retouched tools, plus four shell ornaments. The animal bone assemblage is numerous but,
as in underlying layer Jb, seems to have been mostly accumulated by carnivores. A very short
human stay, implying only the lighting of a fire or the abandonment of torches (inferred from
the presence of a lens of scots pine charcoal found isolated between sterile levels, with no associated lithic or animal bone remains), is dated to 24 410 ± 110 BP (GrA-12016) in layer 3n of
Lapa do Anecrial (Zilhão, 1995, 1997; Almeida, 1998, 2000, 2001; Zilhão and Almeida,
unpublished data). The Pleistocene modern human skull excavated in 1865 in the lower deposit
of the Casa da Moura cave site may well date to this period too, since Gravettian bone and lithic tools were present in that deposit, and a radiocarbon date (25 090 ± 220 BP, TO-1102)
obtained from a bone sample collected in a remnant confirms that the site was indeed available
for human use at around the time of the Lagar Velho burial event (Straus, 1989; Zilhão, 1995,
1997).
The open air camp sites of Vale Comprido-Barraca and Vale Comprido-Cruzamento (Rio
Maior) may also date to the same period (Zilhão, 1995, 1997), given the TL age of 27 900 ±
2200 BP secured for the latter, and assuming a ca.3500 year offset between the radiocarbon
chronology and the solar calendar in this time range (Kitagawa and van der Plicht, 1998). As is
the case with the local Aurignacian, these sites have a strong workshop component, and they
are probably complementary to cave occupations such as those reviewed above. The lithic
assemblages feature unprepared blade débitage, largely a byproduct of the setting up of cores
for the production of narrow blade or wide bladelet blanks destined for microlithic backed
points, an important proportion of which, however, comes from abundant “burins” on truncation, often multiple and plan.
Elsewhere in Portugal, it is also from this time period that we have the earliest radiometric determinations for settlement sites associated with the Paleolithic open air art of the Côa
river valley (Baptista, 1999; Mercier et al., 2001). Five TL dates from Cardina, averaging 27 900
± 1400 BP, place the very dense Gravettian occupation in basal layer 4 of the site at about the
same time as Vale Comprido. Five other TL dates from hearths in basal layer 3 of Olga Grande
4, averaging 28 700 ± 1800 BP, suggest that artistic activity in the valley (indirectly proven at
this site by the presence of pigments and of heavy-duty quartzite pecking tools used to engrave
the valley’s schist panels) may in fact have begun slightly earlier but still within the time range
of the Lagar Velho burial event (see also Chapter 34).

The Sedimentation Hiatus, ca.24.5-23 kyr BP
In the eastern part of the site, the stratigraphic succession above complexes tc and gs is
truncated by the terracing of the site. In the central and western parts, the tc complex is overlain by the ls (lower slope deposit) complex. This thin (ca.15 cm in the J13 test) loamy deposit is
moderately affected by pedogenesis and capped by a buried A horizon. A sample of burnt bone
from this deposit (J13, spit 14) was AMS dated to 23 170 ± 140 BP (OxA-9572), and a second

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

42

sample of the same material, from the same spit, and dated by the same method, provided a
minimum age of 22 720 ± 90 BP (Beta-139361), consistent with the first result. They are identical to the date obtained for a charred horse phalanx from the base of the overlying ms complex (J13, spit 12): 23 130 ± 130 BP, OxA-9571. The latter is in turn identical to the AMS bone
date of 23 042 ± 142 BP (Wk-9571) from the topographically and stratigraphically equivalent
archeological level observed in the F3 test pit at the interface between the ls and ms complexes.
These data suggest that we are dealing with remains of a single human occupation taking
place on top of the stabilized surface associated with the soil formation processes that affected
the ls complex. As is to be expected in such situations, items related to that occupation underwent syn- or post- depositional vertical displacement, penetrating the underlying sediments,
where they fossilized and were eventually archeologically retrieved. The figures given in Table
3-3 for the vertical variation of burnt bone densities in the J13 test are fully consistent with this
interpretation, since they imply a peak value of 700 g/m3 in the two basal spits (11 and 12) of
the ms complex, sandwiched between values of 100 g/m3 for the two ms spits above (9 and 10)
and of 433 g/m3 for the two ls spits below (13 and 14). It would seem, therefore, that a sedimentation hiatus associated with pedogenesis exists at the site between ca.24.5 and ca.23 kyr
BP, and that no human use of the area occurred between the burial event and ca.23 kyr BP. In
fact, the child’s burial is the single instance of anthropic impact in the place throughout the
four radiocarbon millennia since ca.27 kyr BP and, if the bone level at the interface between
the bs and tc complexes was entirely accumulated by carnivores, ever since valley incision made
the place first available for occupation.
Dated archeological evidence for the period between ca.24.5 and ca.23 kyr BP is very scarce
in Portugal. A result of 23 920 ± 300 BP (GifA-93048) has been obtained at the base of layer
9b of the Buraca Grande (Pombal), a cave site in the opposite side of the same valley where the
previously mentioned Buraca Escura is located. However, the association of that date with the
different artifactual components and animal bone assemblages recognized in that 20 cm thick
unit characterized by a low sedimentation rate remains to be clarified (Aubry et al., 1997). At
Lapa do Anecrial (Porto de Mós), layer 2b, previously thought to correspond to a single,
Pompeii-like level documenting a short overnight “three-hunters-around-a-hearth” event
ca.21.5 kyr ago, has since been shown to contain a small component related to an earlier occupation of the same surface ca.23.5 kyr BP. A very small ensemble of patinated flints and weathered ibex bones from a single individual differ from the rest of the level’s material in presenting a surface condition suggestive of a long period of exposure at ground surface. This ensemble is now dated by a cut-marked fragment of ibex pelvis to 23 410 ± 170 BP (OxA-11235)
(Zilhão, 1995, 1997; Almeida, 1998, 2000, 2001; Zilhão, Almeida and Brugal, unpublished
data). It has been suggested that the Fontesantense, a Gravettian-like industry exclusive to
Portuguese Estremadura and found only at two open-air sites in the region, Casal do Felipe
(Rio Maior) and Fonte Santa (Torres Novas), might date to this time period and, at the latter
site, the assemblage was indeed recovered in a paleosoil (Zilhão, 1995, 1997). TL dating, however, suggests a much earlier age (37 500 ± 3200 BP), and the chronology of these assemblages
is an as yet unsettled issue (see also Chapter 34).
The evidence from Buraca Grande and Lapa do Anecrial is consistent with the Lagar
Velho pattern. A short-term climatic amelioration probably accounts for the sedimentation hiatus and the soil formation process recorded in the ls complex of the rockshelter, as well as for
the correlative hiatuses or palimpsests documented at that same time in the two cave sites.
Moreover, if the Fontesantense in fact dates to this period, this geoclimatic pattern may also go
a long way into explaining why such assemblages are lacking (as are even their characteristic
index fossils, the Casal do Felipe points) from such long and apparently continuous cave strati-
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graphic sequences as that preserved at Caldeirão. If the inferred climatic amelioration favored
vegetation growth in low altitude karstic areas, such forested environments may have been
temporarily abandoned by humans, with settlement becoming concentrated on the more open
landscapes that must have continued to exist in the littoral plains and the basin of the Tagus.
It should be noted, in this regard, that an increase to present-day values of the mean temperatures of the coldest month shortly after ca.25-24.5 kyr BP is suggested by the pollen data in the
MD95-2042 deep-sea core, and that none of the Pinus sylvestris trees from Cortegaça dates to
the period between ca.24.5 and ca.23 kyr BP (Table 3-2). And, in the GISP2 ice core, a new interstadial begins precisely ca.24.5 kyr BP (ca.28 kyr cal BP) (Fig. 3-6).

The Late Gravettian Occupations, ca.23 and ca.22.5 kyr BP
The ms (middle slope deposit) complex is a sandy loam deposit overlying ls. Pre-discovery
terracing of the site obliterated the vast majority of the deposits relating to ms. Its basal portion
(60 cm of it in test J13, 40 cm in test F3), however, is preserved below current ground surface,
and a sample of its uppermost reaches is preserved in the western end of the hanging remnant
(levels TP01-TP05 in units Q.A-Q.D; see Figs. 3-15 to 3-19 below).
As mentioned above, the base of this complex is dated to 23 042 ± 142 BP (Wk-9571) in
square F3. A second archeological level, 50 cm above, is dated to 22 493 ± 107 BP (Wk-9256)
in adjacent square H4. The other date available for ms — 22 390 ± 280 BP (OxA-10303) —
comes from a sample collected ca.120 cm further up in the stratification, inside a charcoal lens
associated with a few artifacts at the base of level TP01, square Q.B, of the hanging remnant,
45 cm below the truncated surface of the complex. A terminus ante quem for the accumulation
of the ms deposits is given by the dates for the basal level TP06 of the overlying us (upper slope
deposit) complex of the hanging remnant: 21 180 ± 240 BP (OxA-8420) and 21 380 ± 810 BP
(Sac-1561) (Table 3-1).
It is quite unlikely, however, that the upper 45 cm of the ms complex (levels TP02 and
TP03) represent the one thousand years comprised between the dates for TP01 and TP06. This
would imply a sedimentation rate of 0.4 mm per year, significantly less than any of the estimates that can be derived from the dating of the samples collected within the ms deposits: 1
mm per year between the two subsurface archeological levels; 11 mm per year between the
upper one and the TP01 level of the hanging remnant; 2.8 mm per year between the lower subsurface level and the charcoal lens sampled in the latter. Those upper 45 cm of ms must represent, therefore, no more than one or two centuries at most, and, hence, confirm that the erosional hiatus at the ms/us interface represents a time interval of the order of magnitude of a
millennium. This fact carries the implication that any sediment that may have accumulated in
this part of the site between ca.22.4 and ca.21.2 kyr BP was eliminated, and, with it, any record
of its occupation by humans during the interval.
The fact that a charcoal fleck collected in level TP06, square Q.A, of the hanging remnant, yielded a date of 22 180 ± 180 BP (OxA-8418), is consistent with this interpretation. It
suggests that, when, some time between 21.5 and 21 kyr ago, the erosional channels excavated in the ms complex began to be infilled by small-scale slope wash processes, the irregular, eroded surface of the site was an exposure of deposits that had accumulated there prior
to 22 kyr BP. The missing time period (between ca.22.4 and ca.21.2 kyr BP), however, is likely to correspond to levels TP04 and TP05, which are represented only at the westernmost
end of the hanging remnant. These prismatic clay deposits containing large weathered limestone slabs are of a totally different facies, suggesting a completely different origin and for-
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mation process. They are also archeologically sterile. Thus, their exact chronology, origin
and relations to the rest of the site’s fill remain to be clarified, although, given their stratigraphic position, it is clear that the time period of their accumulation is constrained by the
dates obtained for levels TP01 and TP06.
The extremely high sedimentation rates prevailing throughout the accumulation of the
ms complex explain the excellent preservation of the paleosurfaces occupied by humans. At
present, the levels dating to ca.23 kyr BP correspond only to low density find horizons in the
two test pits, J13 and F3. Open area excavation of the levels dating to ca.22.5 kyr BP in
squares G-J/4-9, however, has already allowed the extensive exposure of a “living floor” featuring the remains of faunal processing activity areas and well defined clusters of refitting
lithic artifacts organized around two cobble-filled hearths (Figs. 3-4 and 3-8 to 3-12) — paleosurface EE15.

– View of the EE15
paleosurface at the beginning
of the excavation, June 2001,
taken from the east.
FIG. 3-8

FIG. 3-9 – Cluster of animal
remains, including several
deer mandibles, exposed in
square H7, paleosurface EE15,
July 2001.
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FIG. 3-10 – View of the hearth in
squares H-I/8, paleosurface
EE15, during its excavation,
August 2001.

This floor is still under excavation, but preliminary observations indicate that the
preservation of the original spatial organization is pristine. The two hearths are separated by
about 3 m and show considerable differences. The one in units G-H/3-4 is characterized by
an abundance of burnt bones (mostly red deer), cobbles, and land snails (almost certainly
cooked), and no artifacts were found in its proximity. In contrast, the hearth in units H-I/78 has almost no burnt bones, and it is surrounded by spatially clustered lithic artifacts produced by the knapping of one quartzite cobble and three different blocks of flint. Refitting
of these elements (Figs. 3-13 and 3-14) shows an expedient technology, clearly dominated by
flake production. Formal tools are nearly absent. The space in between the two hearths corresponds to a dense concentration of faunal remains (Figs. 3-9 and 3-12), where more than
20 different animals, mostly red deer, seem to be represented. These data suggest a special
purpose occupation of the kill-site type, where defleshing or meat-processing activities overwhelmingly predominated.
Layer I of Gruta do Caldeirão is dated to 22 900 ± 380 BP (OxA-1940) (Zilhão, 1995,
1997). Although the number of lithic artifacts recovered in the 6.6 m2 excavated is as small
as in the underlying layers Jb and Ja (51, excluding chips and chunks, and including six
retouched tools, plus one shell and three bone ornaments), layer I corresponds to a turning
point in the sequence; below, the bone assemblages are primarily accumulated by carnivores, and above they are primarily accumulated by humans. One flint endscraper and three
flint points were recovered, but most of the artifacts are unretouched quartzite flakes, as in
the contemporary Lagar Velho levels, suggesting a similar functional interpretation as a specialized hunting site. Layer 2e of Buraca Escura is dated to 22 700 ± 240BP (OxA-5523)
(Aubry et al., 2001); it features a bone assemblage with no associated lithics and almost
entirely dominated by ibex and lynx, likely to correspond to prey and predator. The lower cultural level in locus III of the open air site of Cabeço de Porto Marinho (Rio Maior) also seems
to belong in the time period between ca.23 and ca.22.5 kyr BP, given the 22 710 ± 350 BP
(SMU-2475) obtained for it (Zilhão, 1995, 1997). Its lithic component, however, has not yet
been studied, and faunal remains are not preserved.
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FIG. 3-11

– The hearth in squares H-I/8, paleosurface EE15, at the end of its excavation, August 2001.

– Planimetric projection of finds in the EE15 paleosurface, dated to ca.22.5 kyr BP, after the 2001 field season. Grey areas
denote unexcavated squares.
FIG. 3-12
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FIG. 3-13

– Refitted quartzite core from the EE15 paleosurface.

Assemblages rich in microgravettes and backed and truncated bladelets were recovered
at Buraca Escura above layer 2e, sandwiched between the above mentioned date of ca.22.7
kyr BP and the date of 21 820 ± 200 BP (OxA-5524) obtained at the base of layer 2b. In the
Rio Maior region, such assemblages are known from Cabeço de Porto Marinho, at the base
of the lower cultural level of locus II, and from layer 2 of the open air site of Terra do
Manuel, where they have been dated to 21 770 ± 210 BP (ETH-6038). These assemblages
share many other typological characteristics with the Proto-Magdalenian or Perigordian VII
of southwestern France, particularly the use of burins made on slender blade blanks, and the
modification of cutting edges through “proto-magdalenian retouch” (Zilhão, 1995, 1997).
The marked differences between these assemblages and those so far recovered in the EE15
paleosurface of Lagar Velho are probably related to the fact that, as in the French sequence,
the former occupy a slightly later chronostratigraphic slot, centered on ca.22 kyr BP. At
Lagar Velho, that time period corresponds to the one thousand years of erosive hiatus identified in the inhabited area of the site at the interface between the ms and us complexes,
explaining why those abundant and diagnostic kinds of tool-types are not to be found anywhere in the site’s stratigraphic succession.
It is nonetheless clear that the ms deposits correspond to the first epoch of significant
and repeated human use of the rockshelter. This shift in the human use of the area coincides with a return to cold conditions. The charcoal sample that dated the EE15 paleosurface
to ca. 22.5 kyr BP was burnt scots pine wood, as must have been the 98.5% of Pinus among
the 206 identified pieces of charcoal from the lower cultural level of Cabeço de Porto
Marinho III (analyses by Figueiral, reported as Pinus pinaster/pinea in Zilhão et al., 1995b;
see Chapter 5 for a revision of these identifications). One of the dated Pinus sylvestris trees
from Cortegaça also dates to 22 600 ± 550 BP (Table 3-2).

The Last Glacial Maximum, ca. 21.5-20 kyr BP
Site Formation Process
The hanging remnant preserves the lower part of the us (upper slope deposit) complex,
which is made up of uncompacted sands accumulated during the Last Glacial Maximum. This
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FIG. 3-14

– Other lithic artifact refits from the EE15 paleosurface.

deposit fills a narrow fissure (averaging 60 cm in height) in the back wall of the shelter that
runs along its full length. On the basis of profile inspection, the easternmost half is very poor
in archeological remains. The number of finds increases dramatically westwards of rows 10-11
of the grid laid out on the ground surface, reaching maximum amount of anthropogenically
altered material in the profiled section, units Q.T- Q.A, directly above rows 6-0 of the grid (Figs.
3-4, 3-5 and 3-15 to 3-19).
Excavation work in these deposits was principally restricted to profile cleaning, carried
out over 9 m and to an average depth of 15 to 20 cm (Figs. 3-15 and 3-16). Only the 50 cm
wide western half of the Q.Z unit was completely excavated, from the front of the profile
backwards to the bottom of the fissure. The total volume of sediment processed was very
small, less than 2 m3, of which at best half correspond to stratigraphically well-provenanced
samples from in situ deposits of the us complex. Those samples, however, yielded some
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32 000 animal bones, thousands of charcoal fragments, of which some 700 were identifiable to species, several kilograms of burnt cobbles, and more than 6000 lithic artifacts, plus
a few ornaments and bone tools (see Chapters 5, 6, 10 and 12). At first glance, these figures
are suggestive of a very intensive human occupation of the shelter throughout the accumulation of the us complex. We must bear in mind, however, that the portion preserved in the
hanging remnant corresponds to no more than 1%, at best, of the original us deposits, which
were almost completely removed by the pre-discovery terracing of the site. Moreover, the
overall topography of the hanging remnant, and the fact that the marked east-west gradient
in the density of finds coincides with a break of slope angle, suggest that the sediments profiled in units Q.T-Q.D accumulated at the foot of a gentle slope.
The place of actual occupation must have been the same as during the times of the EE15
paleosurface exposed in the underlying ms complex (that is, the area of squares F-I/3-9 of
the grid), if nothing else because, given the position of the drip lines (see Chapter 4, Fig. 414), this is also the most sheltered area of the site. From this original location, and in a
framework of marked geoclimatic instability (see below), occupation debris must have syndepositionally slid down the gentle slope extending southwards and westwards of the apex
of the sediment cone formed by the us deposits as they built up. In such a depositional and
topographical context, dense accumulations of finds against nearby obstacles (in this case,
the shelter’s back wall) are to be expected. The short-distances traveled (a few meters at
most) by the displaced items explain their excellent surface condition, as well as the fact that
several close range connections between artifacts were observed during the profiling work
(separate fragments of a single fire-cracked rock found nearby, for instance). This process
would also explain the extremely high percentage of small lithic debris (80% of the total artifact samples in levels TP06 and TP09 were classified as chips — see Chapter 12). This composition is unique (the corresponding figures for most of the Portuguese Upper Paleolithic
assemblages excavated with modern techniques are in the range of 40%), and cannot be
attributed solely to the recovery techniques (the sediments were screened in the field
through 2 mm meshes, all remaining sediment being then saved, and later sorted in the
lab). Grain-size sorting of objects displaced along a slope through the action of gravity and
water run-off must also be involved.
The stratigraphy observed in the hanging remnant is presented in Fig. 3-15. The basal
unit of the us complex is level TP06, dated to ca.21.2 kyr BP (see above and Table 3-1). In the
eastern part of the profiled section of the hanging remnant, units Q.T-Q.X, directly above
rows 3-5 of the grid, this level is separated by a clear unconformity from overlying level
TP09, dated to 20 220 ± 180 BP (OxA-8419) (Fig. 3-17). The same succession is visible in
units Q.A and Q.B (Fig. 3-18), where level TP09 becomes thinner than level TP06 and eventually thins out entirely in the western half of unit Q.C. Middle Solutrean artifacts (see below
and Chapter 12) were collected in pockets preserved in crevices in the rock directly above
unit Q.D of the hanging remnant. These pockets were designated level TP091. The intervening portion of the profile, units Q.Y and Q.Z (Fig. 3-19), is occupied by a somewhat chaotic deposit filling up a large erosional channel, inside which, for descriptive purposes, three
different stratigraphic units were recognized: levels TP08, TP07 and TP07a, from top to bottom. This succession seemed to represent an inverted stratigraphy, and the three samples of
individual charcoal flecks collected and dated in order to test the hypothesis confirmed that
such was indeed the case (see Table 3-1 and Chapter 7): the sample from level TP07a was
dated to 20 570 ± 130 BP (OxA-8426), that from level TP07 to 22 670 ± 160 BP (OxA-8425),
and that from level TP08 to 22 300 ± 300 BP (OxA-8424). These results indicate that the fill
of the channel is made up of material derived from both the ms and the us complexes, and
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the topographical relation between levels TP08 and TP09 further indicates that the erosional cut post-dates the deposition of the latter.
This pattern suggests a very complex depositional environment, characterized by extreme
instability, fast sedimentation rates, and major erosional episodes. In fact, it implies that:
• as discussed above, the upper ms complex was truncated by a major erosional event
which occurred no later than ca.22.3 kyr BP;
• as a result of this event, exposures of the ms complex persisted at the site for some two
thousand years, until at least ca. 20.2 kyr BP, that is, until well after the deposition of
the us complex had begun in earnest; material derived from these exposures contributed to the formation of the lowest us level (TP06), as well as to the fill of the deep
erosional channel that cut through the whole ms/us sequence in units Q.Y and Q.Z;
• the basal us deposits (level TP06) are separated by a second erosive hiatus from the
immediately overlying us level TP09; this hiatus also seems to correspond to a time
period of about one thousand years, between ca.21.2 and ca.20.2 kyr BP;
• a third erosive event, that with the strongest impact, cut through all the ms and us
deposits accumulated between ca.22.3 and ca.20.2 kyr BP in units Q.Y and Q.Z; given
that terracing completely removed the upper portions of the us complex, the age of this
event cannot be established with certainty; however, the archeological content of level
TP091 indicates a date no later than ca.20 kyr BP.

Culture-Stratigraphic Units
Archeologically, the basal us complex includes the time period of the Gravettian-Solutrean
transition. This period has been the focus of extensive archeological research over the last
decade of Upper Paleolithic research in Portugal. This research was undertaken on assemblages resulting from the modern excavations of both cave and open air sites covering the
whole spectrum from home base residential locations, at one extreme, to the ephemeral,
Pompeii-type single-night logistical occupations, at the other extreme. Lagar Velho, however, is
the first instance of a context from this period found in a rockshelter.
In spite of all the effort, one of the still unsolved problems relating to this period is that
of the first appearance of the Vale Comprido point, the type-fossil of the Proto-Solutrean
(Zilhão and Aubry, 1995), and correlative issues of detail regarding the technological transition from the Gravettian to the Solutrean. Zilhão (1995, 1997) showed that two alternative
models fit the available data. A three phase-model included an intermediate period, roughly
equivalent to the Bordes’s “Aurignacian V”, ca.21.5 kyr BP, inserted between the Late
Gravettian with backed and truncated bladelets, ca.22 kyr BP, and the Proto-Solutrean with
Vale Comprido points, ca.21 kyr BP. This intermediate phase would be characterized by the
importance of quartz, the rarity of retouched bladelet tools (mainly marginally retouched
types), and the possible presence of Vale Comprido points. In the two-phase model, the aurignacoid assemblages were interpreted as specialized activity facies of the Proto-Solutrean,
which, therefore, would begin some five centuries earlier than in the three-phase model.
Because Zilhão emphasized the patterns of continuity that in any case existed between this
possible intermediate phase and the Proto-Solutrean, he referred to the assemblages implicated as forming an initial Proto-Solutrean.
Based on his restudy, through technological analysis and refitting, of the assemblages
from Cabeço de Porto Marinho, Gato Preto (Rio Maior) and Lapa do Anecrial, Almeida (2000)
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considered that the three phase-model for the Gravettian-Solutrean transition fits the data better than the two-phase model. He also preferred the term “Terminal Gravettian” for the intermediate phase, emphasizing the continuity with some Late Gravettian technological patterns
and the uncertainty of whether the Vale Comprido point was already present at this stage. In
the assemblage from Lagar Velho TP06, the vast majority of the technological characteristics
of both flint and quartz artifacts are consistent with the Terminal Gravettian as defined by
Almeida (see Chapter 12). Therefore, the designation has been retained throughout this book,
instead of the previously used (Duarte et al., 1999; Trinkaus et al., 1999b, 2001; Zilhão, 2001a,
2001b) Proto-Solutrean. This is solely a terminological modification; the underlying physical
reality (the assemblage, its stratigraphy and dating) and conceptual framework remain
unchanged.
Due to the limited nature of the samples, the Lagar Velho data, in spite of all their stratigraphic detail, do not allow us to settle the issue of whether Vale Comprido points were already
present in this intermediate phase. Two such points were recovered in the fill of the erosional
channel in units Q.Y and Q.Z (see Chapter 12). Since no Vale Comprido points were ever found
in Middle Solutrean contexts, levels TP09 and TP091 (which contain laurel-leaf points and
pointes à face plane typical of this period, and yielded a radiocarbon date consistent with the
presence of these elements in the deposits — see Chapter 12) can be excluded as their original
stratigraphic position. At the same time, however, no technological indicators of the characteristic chaîne opératoire related to the production of these points were found in the in situ assemblage from level TP06. It is possible, therefore, that their discard on site took place during the
time interval corresponding to the erosive hiatus between the two levels. If so, the invention
and use of the Vale Comprido point would date to between ca.21 and ca.20.5 kyr BP, and the
presence of isolated specimens in such assemblages as those from Terra do Manuel, which are
for the most part consistent with a Late Gravettian or Terminal Gravettian production system,
would have to be explained by the palimpsest nature of the archeological levels therein (Zilhão,
1995, 1997).

Local and Regional Context
The creation of such palimpsests as that observed at Terra do Manuel probably reflects
the operation of the intensive depositional, erosional and re-depositional processes so well
documented at Lagar Velho because of the very fine resolution of the succession. From this
perspective, Lagar Velho also helps in understanding the difficulties and anomalies involved
in the dating of the Late Gravettian and Early Magdalenian levels from Cabeço de Porto
Marinho, as well as the fact that the Solutrean is totally absent from the long stratigraphic
sequences exposed in loci II and III of that Rio Maior site. As previously hypothesized
(Zilhão, 1995, 1997), the same kinds of processes operating in the Lapedo Valley must have
caused significant disturbance of the colluvial/eolian mobile sand deposits that make up that
site’s stratigraphic succession, whose homogeneous texture, however, makes the recognition of such processes much more difficult. In particular, the evidence from Lagar Velho
makes it clear that the presence of charcoal inherited from previous occupations is to be
expected in such depositional environments, and, hence, that extreme care is needed in the
selection of samples for dating, which should come from hearth features, not from the collection of scattered material. That evidence is also consistent with the explanation that erosional processes taking place at various moments during the Last Glacial Maximum were
responsible for the erosive truncations observed in the other early Upper Paleolithic open air
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– The hanging remnant. Above: reproduction of field drawing of easternmost section. Middle: reproduction of field drawing of westernmost section. Bottom: composite profile with indication of excavation units, geoarcheological field units, and location of
AMS radiocarbon dated charcoal samples. Color codes: brown, bones; yellow, limestone blocks; green, quartz and quartzite cobbles; red, lithic artifacts. See Chapter 4 for a description of the different units. Elevations in centimeters below datum.
FIG. 3-15

FIG. 3-16

– Composite photographic view of the profiled section of the hanging remnant, units Q.T-Q.D.

FIG. 3-17 – The profiled hanging remnant in units Q.W west and Q.X east. Two levels are
recognizable, basal level TP06 and uppermost level TP09, separated by a clear
unconformity.

– The profiled hanging remnant in units Q.Z and Q.A. In Q.A, the cut-and-filled ms
deposits are overlaid by levels TP06 and TP09. In Q.Z, this entire succession is truncated
down to bedrock and filled by derived ms and us materials. The erosive contact is perfectly
recognizable in the western half of Q.Z.
FIG. 3-18

– The profiled hanging remnant in units Q.Y and Q.Z east. The lateral, abrupt, vertical
contact between the fill of the erosional channel and level TP06 is perfectly recognizable at
the western end of Q.Y, close to the boundary with Q.Z, a few centimeters west of a
complete horse scapula.
FIG. 3-19

stratified sequences of the Rio Maior and Torres Novas areas after the Late Gravettian or the
Terminal Gravettian/Proto-Solutrean. It further helps in explaining the lack of overlying
Solutrean deposits, as well as the fact that the rare occurrences of open air Solutrean contexts in those areas are all in derived position (as is the case at Olival da Carneira and Casal
do Cepo) (Zilhão, 1995, 1997).
The occurrence of such major erosional events implies largely unprotected ground
soils, i.e., a sparse vegetation cover, in good agreement with the picture derived from the
charcoal collected in levels TP06 and TP09 (see Chapter 5). These indicate an open scots
pine formation with heath and other leguminous shrubs colonizing the exposed interfluves
above the canyon, and the persistence of refugial oakland and riverine communities in the
more sheltered valley. A similar picture can be derived from the charcoal assemblages excavated in contemporary levels (between ca.22-20 kyr BP) of different sites elsewhere in the
region, namely Lapa do Anecrial and Cabeço de Porto Marinho. One of the Cortegaça scots
pine trees was also dated to this time period (Table 3-2).
The characteristics of the lithic assemblages excavated in levels TP06 and TP09 contrast markedly with that from the EE15 paleosurface and, since all stages of the reduction
sequence are represented (Chapter 12), are suggestive of occupations of a residential nature.
This inference is supported by the composition of the faunal assemblages (Chapter 6), indicating that different environments were being sampled by the site’s inhabitants, given the
co-occurrence of both wild boar and horse. Their range may also have included the sea side
(which, at the time, must have been some 50 km away), as indicated by the finding of a
cetacean vertebra.
The exploitation of sizeable territories and the existence of extensive circulation and
exchange networks during Last Glacial Maximum times has been suggested on the basis of
the abundant information yielded for this period in both Estremadura (Zilhão, 1995, 1997)
and the Côa Valley (Aubry, 2001; Aubry et al., 2002), making the Last Glacial Maximum the
best know period of the Portuguese Upper Paleolithic. In Estremadura, the Late Gravettian,
the Terminal Gravettian/Proto-Solutrean and the Lower Solutrean are mostly documented
by in situ occurrences at different stratified open air sites of the Rio Maior basin and by a few
levels in cave sequences. The Middle and the Upper Solutrean, conversely, come mostly
from cave sites and, when found in the open air, tend to be in derived position or to correspond to isolated finds. Technologically and typologically, the culture-stratigraphic sequence
closely parallels that of the Aquitaine basin, although Mediterranean type fossils (such as the
barbed and tanged Parpallò point) co-occur with Atlantic ones (such as the bifacially
retouched shouldered point) in the Upper Solutrean. The lithic and bone assemblages from
the key Middle-to-Upper Solutrean sequence at Caldeirão have not yet been analyzed in
detail, but they are nonetheless completely different from the underlying early Upper
Paleolithic and Mousterian levels. Artifacts number in the thousands, faunal remains
increase in abundance but are now being accumulated by humans, not by the large carnivores, whose remains are in any case not to be found at the site any more.
In the Côa Valley, the site of Cardina continued to be occupied at the time of the
Gravettian-Solutrean transition, as suggested by the numerous backed and truncated
bladelets and the isolated foliate pieces recovered at the base of layer 4. This chronological
interpretation of the significance of such items implies a view of that layer as a very compact
palimpsest, as is further suggested by the find density of 843 kg/m3 recorded in layers 4b and
4c of square L16 (Zilhão et al, 1995a). That a significant length of time is contracted in that
ca.20 cm thick deposit is also in good accord with the fact that two TL dates of 20 700 ± 1300
BP and 23 400 ± 1500 BP were obtained from samples collected at broadly the same eleva-
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tion as those that yielded the five mid-Gravettian results (Mercier et al., 2001). The ca.23 400
BP calendar result confirms that Cardina was used during the Solutrean, and a well individualized Upper Solutrean layer with diagnostic Cantabrian-type shouldered points has also
been recognized above the basal mid-Gravettian occupation of Olga Grande 4.

The Top Soil, Post-Solutrean Times
The stratigraphic succession is capped by the ts (top soil) complex, identified at the easternmost end of the shelter, filling fissures above the hanging remnant, ca.4 m above the
post-terracing ground surface. The soil profile probably developed at least throughout the
Holocene but, given the absence of archeological content in ts and its current physical separation from the us complex, it cannot be assessed whether sedimentation at the site continued throughout Magdalenian and later times or came to an end during the Middle Solutrean
or soon after.

The Gravettian Settlement of Portugal
The phylogenetic, social and historical implications of the Lagar Velho child’s burial
are explored in Chapters 32-34. The above review also shows that the site makes significant
contributions for the understanding of the Upper Pleistocene prehistory and environments
of Portuguese Estremadura, and that much is to be expected from continued exploration of
the geological and archeological potential of the Lapedo Valley.
The confirmation that site preservation and, hence, our sampling of the different culture-stratigraphic units of the Portuguese Upper Paleolithic, are strongly conditioned by
paleoenvironmental factors stands out among such contributions. Zilhão et al. (1995a)
had already underlined that such factors significantly biased the representation of past
settlement patterns in the archeological record. They showed that, when the number of
sites per millennium was plotted, the highest values obtained coincided with the two cold
periods with a strongest impact in the Portuguese geoclimatic record, the beginnings of
the Last Glacial Maximum and the Dryas III, that is, the periods between ca.22-20 kyr BP
and ca.12-10 kyr BP. It was suggested that this was due to cold environments bringing
about a sparser vegetation cover, more soil erosion and, hence, faster rates of sediment
accumulation in the valley bottoms and inside karstic features, securing a more rapid and
thicker cover of sites and, by the same token, their enhanced protection from subsequent
erosional events.
Marks (2000) and Straus et al. (2000) suggested that valid historical and paleodemographical inferences could nonetheless be derived from temporal variations in site numbers. Marks took the scarcity of early Upper Paleolithic sites at face value to propose that
western Iberia would only have had a scattered and ephemeral occupation by visiting
groups during the Aurignacian and the early Gravettian, between ca.28 and ca.25 kyr BP,
with vestigial Neandertal populations surviving alongside throughout the period. The subsequent increase in site numbers would be due to a massive dispersal from Cantabria,
resulting in the first truly residential modern human settlement of Portugal.
Straus et al. argued that the real explosion in site numbers occurs during the
Solutrean in both Portugal and Spain. In Cantabria, this would be indicated by the increase
in site numbers from 1.15 per millennium in the early Upper Paleolithic to 2.83 in the
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FIG. 3-20 – Episodes of deposition and erosion documented in the Lagar Velho succession and dates for the Cortegaça scots pine
trees compared with the temporal distribution of dated archeological levels from the period between 30 and 18 kyr BP. When
more than one determination is available for site levels, the average was plotted; individual dates are shown for the Cortegaça
trees. The black squares denote TL results “converted” (for convenience, in spite of the problems involved – see Zilhão and
d’Errico, 1999) to the C14 time scale through the subtraction of 3500 years.

Gravettian, 15.14 in the Solutrean, 16.71 in the early Magdalenian, 24.50 in the upper
Magdalenian, and 25.50 in the Azilian. These numbers, however, match normal expectations under a scenario of stable population figures provided that one takes in due consideration that the evidence comes entirely from stratified cave or rockshelter sites, where
first, the most recent periods are the most superficial and, hence, those for which the probability that the corresponding deposits will be found and excavated is the greatest, and second, the more ancient a period, the greater the probability that the corresponding deposits
will be deeply buried, and, hence, difficult to reach, identify or productively excavate, or that
they will have been eroded and lost.
The Portuguese case is a particularly good illustration that changes in number of sites
known through time do not necessarily relate to demographic fluctuations. The Rio Maior
evidence reviewed above shows that the absence of Aurignacian and early Gravettian sites in
the valley bottoms that contain numerous stratified later Gravettian and Magdalenian sites
is likely to result from the erosional processes documented by rolled artifacts from those
periods in downstream alluvial terraces, not from the fact that the region lacked a resident
population before ca.25 kyr BP. And the fact that, in Portugal, open air Gravettian sites are
far more numerous than Solutrean ones, counters the notion inferred from Cantabrian cave
occupations that the number of people in Iberia increased steadily throughout the Upper
Paleolithic, with a qualitative leap in the Solutrean.
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The resolution of the Lagar Velho succession allows us to elaborate in further detail
for the early Upper Paleolithic on the link between sedimentation patterns and archeological occurrences proposed by Zilhão et al. (1995a). Fig. 3-20 plots the temporal distribution
of all archeological levels currently know in Portugal that are reliably dated by radiometric
techniques to the period between 18 and 30 kyr BP. Because the purpose of the figure is to
evaluate the impact of sedimentation patterns, only geologically in situ levels physically recognized as a defined thickness of deposit were retained. Episodes of human activity
inferred from AMS results obtained for individual samples collected in derived contexts or
in archeological palimpsests where the accumulation of the sediment package is known to
either pre- or post-date such episodes, were not considered. It is for these reasons that four
of the results mentioned in the preceding discussion of the Lagar Velho succession are not
included in that figure: the ca.29.8 kyr BP for the cut-marked bone assemblage in the basal
alluvial deposits of Lagar Velho, the ca.23.9 kyr BP animal bone date from layer 9B of
Buraca Grande, the ca.23.4 kyr BP date for the “ibex component” differentiated in the
ca.21.6 kyr BP layer 2b of Anecrial, and the ca.19.9 kyr BP (ca.23.4 cal kyr BP) Solutrean
TL date for Cardina I.
When the remaining 25 individual or averaged ages for in situ occupations are compared
with the reconstructed history of the Lagar Velho succession, the pattern is clear-cut. Between
ca.20 and ca.25 kyr BP, they all fall within the time intervals of sedimentation represented by
the gs, ms and basal us deposits, none falls within the time intervals represented by a hiatus in
sedimentation (between tc and ls) or an erosional truncation (between TP09 and TP06). The
same is likely to apply to the period before ca.25 kyr BP, although the much smaller number of
occurrences carries the implication that any patterns discerned are inherently weaker. The
coarser resolution of the available chronometric dates, largely due to their larger standard deviations, may also explain the apparent exceptions represented by layer Jb of Caldeirão and layer
2f of Buraca Escura.
The comparison with the climatic proxy represented by the Cortegaça scots pines indicates that the periods of sedimentation and, hence, archeological level formation coincide with
the colder episodes of late OIS3 and early OIS2. This strong relationship between climate oscillations, sediment build-up, and site preservation makes it clear that the current “black holes”
in the culture-stratigraphic sequence of the Portuguese early Upper Paleolithic are the result of
the operation of paleoclimatic and geological processes, not demographic ones. The Lagar
Velho cut-marked bones in the basal alluvial deposits show that people were present in the
regional landscape between ca.29 and ca.32 kyr BP, even if individualized archeological levels
well-dated to that time period have not yet been found (the ca.31 kyr BP Mousterian occupation
of Figueira Brava cave is inferred from the dates for an ensemble of Patella shells that only
humans could have accumulated, even if the sample was collected inside a palimpsest in
derived position — see Zilhão 2000b). By the same token, the ca.23.4 kyr BP cut-marked ibex
bone assemblage in layer 2b of Lapa do Anecrial shows that the country was inhabited between
ca.24.5 and ca.23 kyr BP, even if discrete levels dated to that period have yet to be found. Filling
in these voids is likely to require, therefore, looking for sites in settings of a different kind,
where sediment build-up may have occurred during temperate episodes or particular geomorphological conditions may have protected the deposits from the violent erosional processes
operating recurrently throughout the Last Glacial Maximum.
When the Portuguese data are compared with those from elsewhere in southwestern
Europe, one must also bear in mind the different functional characteristics of the sites in the
comparison. In contrast with, for instance, the Aquitaine basin, most Portuguese early Upper
Paleolithic residential sites are buried in the open, in depositional contexts that do not allow for
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bone preservation. Known cave sites (and, as the Lagar Velho evidence makes it abundantly
clear, this seems to be the case also with rockshelters), in turn, feature low-intensity special purpose occupations, logistical or ceremonial, alternating with carnivore denning. These contrasts
may also relate to differences in the organization of settlement, possibly related to the fact that,
even during the period’s coldest spells, Portuguese Estremadura seems to have been the
domain of open scots pine forests and heathlands, whereas the continental margin of the Bay
of Biscay seems to have been a steppe tundra environment throughout all of OIS2.
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chapter 4

| The Geoarcheological Context

❚ DIEGO E. ANGELUCCI ❚

The Lagar Velho site is known for the Lagar Velho 1 child’s burial, which provides crucial data on the Middle-to-Upper Paleolithic transition in Europe from both anthropological
and cultural perspectives. The burial is part of the several meters thick succession filling the
Lagar Velho rockshelter, which includes various archeological layers and features. The land
unit where the site is located, the Lapedo Valley, exhibits specific traits in relation to the geomorphological setting of western Iberia and contains several karstic features with potential
archeological content.
As a result of their geological and geomorphological setting, the site and valley constitute particularly sensitive locations for the preservation of a Quaternary record. A
geoarcheological approach is therefore necessary to understand their origin and modifications in the course of time, as well as their relations with the broader environmental context and the interrelations between the natural and the human systems from a diachronic
perspective.
Detailed analytical data will be given elsewhere. This chapter presents preliminary
geoarcheological observations on the valley, the site and the burial. First, the geological and
geomorphological setting of Lapedo is described, in order to understand the physical context
of the site, the processes that created the valley and its present setting. Then, the stratigraphy of the rockshelter is summarized, mainly from a descriptive point of view and taking
into account field data. The aim is the reconstruction of the sequence of events that occurred
at the site and of their relations with the climatic and environmental changes of the Upper
Pleistocene and the Holocene. To conclude, a preliminary explanation of site formation
processes, with special attention to the situation at the time of the Lagar Velho 1 burial, is
provided.

Materials and methods
The work was undertaken from a geoarcheological perspective, i.e., applying Earth
Sciences concepts and methods to archeological research (see e.g. Butzer, 1982; Courty et
al., 1989). Geoarcheological work at Lagar Velho began in 2001 and includes four major
phases: geomorphological study of the site context; analysis of the site’s pedological, sedimentological and stratigraphic layout; laboratory analyses of sediments and soils; and micromorphological observation of selected samples. This chapter is based on the data set available to date, which includes information from a partial geomorphological survey of the valley and field description of the site’s stratification.
Geoarcheological fieldwork during excavation is very important, especially the collection of experimental data under a strict scientific approach, rather than simply as a framework for laboratory analyses of the site’s archeological record, structure and function (see
e.g. Texier, 2000). Underestimation of such work and of the need to define criteria for the
collection of field information often leads to misinterpretations of the evidence.
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The geomorphological and Quaternary survey focused on the Lapedo Valley and its
immediate surroundings, an area of about 6 km2. Although systematic, this survey was a
first approach, and more detailed work is still required. Stereoscopic observation of aerial
photographs, which provide an overall view of the land system, was followed by fieldwork,
which included excursions to map surface forms and a first examination of sediment and
soil outcrops in natural and artificial cuts. The data collected were used to outline a geomorphological map, using specific symbols chosen with due consideration of existing symbol lists (Bini et al., 1986; Gruppo Nazionale Geografia Fisica e Geomorfologia CNR, 1993;
Peña Monné, 1997).
The geoarcheologist fully participated in the excavation process throughout the six
months of the 2001 field season. This allowed a close following of the excavation’s progress
and fine-tuning of the excavation’s strategy. Priority was given to the evaluation of the vertical and horizontal variation of the site’s fill without trying to identify reference profiles,
which are almost useless at Lagar Velho given the variability and complexity of the stratigraphic succession (see below). Sector EE was dug as an open-area excavation and trenches
were opened to link the different sectors, the latter mainly through the removal of the
reworked material covering the ground surface at the time the site was discovered.
The archeological sediments and soils were described according to a system based on
standard sedimentological and pedological descriptions (FAO, 1990; Langohr, 1989; Sanesi,
1977; Keeley and Macphail, 1981) modified to incorporate features relating to human activity. All extant excavation sections and profiles, as well as the units defined in the 2001 excavation, were described. Sections obtained for geological purposes outside the explored area
(Figs. 4-1 and 4-2) were also described. Bulk and undisturbed samples were collected for routine analyses and micromorphology.

FIG. 4-1

– Lagar Velho. Site grid and position of cross-sections and profiles.
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FIG. 4-2

– Lagar Velho. Location of excavated sectors (1998 to 2001).

The Lagar Velho rockshelter is a large site with a discontinuous stratigraphic record,
where the organization of data and the classification of field entities are crucial problems. For
this reason, an operative and informal unit of field description was created, the “geoarcheological field unit” (GFU). It may be defined as “a three-dimensional body that is separated from
adjacent materials by a discontinuity of any kind, or, when its boundaries are not evident, that
is different from adjacent materials, or else, that has been arbitrarily differentiated on the basis
of topographic or archeological criteria.” According to this definition, the GFU can be a threedimensional body: 1) composed of one or more (if organized with a recognizable pattern) sediment(s), natural or cultural, different from the surrounding ones; in this case the GFU concept may correspond to the concept of stratigraphic unit / archeological layer / archeological
context commonly used in European archeology (see, e.g., Barker, 1977; Harris, 1979); 2) composed of a different soil matrix from the surrounding ones, in which case the GFU is the equivalent of a soil horizon; 3) containing components, natural or cultural, which are absent or different from those present in the surrounding materials; this may also be considered one of the
cases for the definition of the stratigraphic unit, as in case 1 above; 4) delimited by discontinuities of any kind, including anthropic or broken ones; 5) a priori defined (in case the above conditions are not verified) as being included between two arbitrary surfaces of any orientation
inside a homogeneous material. In this last case, the GFU is the arbitrary level sometimes used
in archeology as the operational excavation unit.
The definition of GFUs is based not only on geological, pedological or archeological criteria per se but also on different combinations of them, reflecting the diverse natures of archeological sites, which result from the interaction of different processes among which human
actions may prevail but are not exclusive. The need for departing from mere stratigraphic criteria comes from the observation that archeological sites, especially prehistoric ones, are often
affected by soil formation and diagenetic processes, producing a more or less severely altered
record of the sedimentary succession, if not its total obliteration.
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In practice, during description, drawing and excavation, each GFU is named through a designation combining: 1) the symbols of the horizontal excavation Sector (individual square meter,
group of square meters under open-area excavation, or trench; see Fig. 4-1), or of the Section (X)
or Profile (P), with 2) the vertical excavation unit defined in each Sector, or the GFU defined in
each Section or Profile individualized by a number suffixing the upper case letter H (= horizon).
The numbering is random and does not follow the sequence of formation of the units, a system
used in soil science (see Langohr, 1989). A lower case letter added to the name of the GFU designates sub-units or lateral facies. Therefore, X4H12c, for instance, means facies c of horizon 12
of section X4, whereas EE15 means vertical excavation unit 15 in sector EE.
GFUs were grouped in “geoarcheological complexes” (GCs) named through acronyms.
A geoarcheological complex is essentially defined by its boundaries, being a three-dimensional body physically included among major discontinuities or boundaries of any kind (e.g.
a stone-line or the truncated surface of a soil), and may correspond to the allostratigraphic
unit used by Quaternary geologists (Salvador, 1994) or to the sequum employed by soil scientists. The geoarcheological complex represents a group of sediments and soil showing
constant or regularly variable features, and it is a means for the reconstruction of vertical
sequences and lateral heteropies, as well as for the discrimination of alternations between
phases of accumulation, erosion and stability.

The Lapedo Valley
Location
The Lagar Velho rockshelter is located along the left (south) side of the Lapedo Valley
(Santa Eufémia, Leiria, central Portugal), at the base of a limestone cliff. The geographic coordinates of the site are 39o 45’ 25” N and 08o 43’ 58” W (European Datum; U.T.M.
29SNE229009; plotted from the Carta Militar de Portugal, sheet 297, Leiria) and the elevation
is around 85 m a.s.l. (the elevation of the site datum is 85.93 m).
The word Lapedo denominates a part of the valley of the Ribeira (= stream) de
Caranguejeira, a right tributary of the river Lis (Fig. 4-3). Lapedo is a short (ca.2 km), narrow,
incised gorge, bordered by vertical, sometimes overhanging, calcareous cliffs. This morphology differs considerably from that found in the rest of the valley of the Caranguejeira river, which
exhibits wide valley bottoms flanked by gentle slopes (Fig. 4-4). This is because both up- and
downstream from the Lapedo gorge the stream runs through softer bedrock.

Geological setting
On a regional structural scale, the Lapedo area is situated in the Meso-Cenozoic western
borderland of the Iberian Peninsula, which constitutes the bulk of the littoral and peri-littoral
belt of central Portugal, with an overall NNE-SSW axis (Fig. 4-5). The region is formed of postHercynian materials — mainly marine and littoral sediments, often carbonates — stratigraphically covering the Iberian crystalline basement. Those materials were laid down in the
Mesozoic Lusitanian basin, as a result of the opening and spreading of the Atlantic Ocean
(Ribeiro et al., 1979; Manuppella et al., 1985).
The present structural configuration of the region is derived from Cenozoic and
Quaternary tectonic activity; the bedrock was first dissected by multidirectional sets of fractures and then deformed by the Alpine orogenetic phases. The structural evolution during
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– A view of the Lapedo Valley from the village of Apariços (south). The dissected Tertiary surface, interrupted by the
incision of the valley, is apparent.
FIG. 4-3

– The valley of the Ribeira de Caranguejeira about 1 km upstream from Lapedo. Note the dissected Tertiary surface, the
well developed system of fluvial terraces on which the village of Grinde is built, and the wide, flat valley bottom.
FIG. 4-4
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– Morphostructural sketch of littoral central Portugal (modified from Ribeiro, 1970). Key: 1. Mountain massifs or plateaux.
2. Faults. 3. Granite. 4. Slate. 5. Quartzite ridges. 6. Paleozoic limestone. 7. Foreland depressions. 8. Jurassic limestone. 9. Other
Mesozoic sedimentary rocks. 10. Tertiary sedimentary basins and rocks. MCE. Estremadura Limestone Massif. CSAM.
Condeixa-Sicó-Alvaiázere Massifs. The rectangle indicates the area mapped in Figs. 4-6 and 4-8.
FIG. 4-5

the Cenozoic, when the area was partly under continental conditions, also included diapiric
and volcanic phenomena (Ribeiro et al., 1979). These processes caused the rising of the
moderately folded or tabular mountain chains of the Beira Litoral and Estremadura geographic regions of Portugal. The area is today subject to seismic activity and to regional uplift
due to neotectonics (Cabral, 1995).
The Lapedo Valley is situated at the edge of the raised Mesozoic belt that structurally
represents the western continuation of the Central Iberian system, between two Jurassic
mountain massifs, the Maçico Calcário Estremenho (MCE, Estremadura Limestone Massif —
Martins, 1949) and the Condeixa-Sicó-Alvaiázere system (Cunha, 1990; see also Fig. 4-5).
The valley location may represent the northern boundary of the MCE where the Cretaceous
limestone is gently folded toward the Leiria tectonic depression, one of the points of higher
subsidence in the region (Ferreira et al., 1988), and sinks under Tertiary sediments. The
composition and structure of the MCE and adjacent areas enhanced the action of dissolution
processes, leading to the development of a number of karstic cavities and surficial morphologies such as the Lapedo Valley.
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– Simplified lithological sketch of the Lapedo Valley and surroundings (modified from SGP 1996). Key: 1. Tertiary,
undifferentiated (sand, sandstone, clay, conglomerates, subordinate marl and limestone). 2. Lower Cretaceous (Turonian) units,
mainly limestone and marly limestone. 3. Lower Cretaceous (Cenomanian to Neocomian: sand, sandstone, conglomerate and
marl) and Jurassic (Oxfordian to lower Kimmeridgian: limestone, marl and sandstone) units. 4. Quaternary (gravel, sand and
silt). 5. Immersion of bedding. 6. Position of the photos (the numbers correspond to Fig. numbers in this chapter). 7. Villages.
The black triangle indicates the position of the Lagar Velho rockshelter.
FIG. 4-6

– The limestone cliff (artificially cut in its lower part) opposite Lagar Velho. Notice the angular disconformity in the
limestone bedding, the rounded shape of the cliff and the small rockshelter.
FIG. 4-7
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Lithologically, the drainage basin upstream from Lapedo is modeled in lower Cretaceous
clastic materials (sands, sandstones, conglomerates and marls, Cenomanian to Neocomian)
and in Jurassic units (both carbonate and clastic rocks, Oxfordian to lower Kimmeridgian;
no. 3 in the map of Fig. 4-6). The Lapedo Valley is incised in the Turonian carbonate beds (Fig.
4-7), which dip W with a low angle (no. 2 in Fig. 4-6). The formation is composed of well-stratified limestone and marly limestone, often fossiliferous, with beds from one to several meters
thick, with varying texture and structure (recrystallised, nodular and massive limestone is predominant — Teixeira and Zbyszewski, 1968). The outcropping of the Turonian limestone,
intercalated in softer clastic rocks, often originates morphostructural reliefs (Cunha, 1990,
p. 40) and is the main reason for the morphology of the Lapedo Valley.
Cenozoic units, overlapping in unconformity the Mesozoic deposits, outcrop around
Lapedo. The Eocene, Oligocene, Miocene and Pliocene systems, mostly clastic (sand, sandstone, clay, conglomerate, subordinate marl and limestone), were recognized (Serviços
Geológicos de Portugal, 1966; no. 1 in Fig. 4-6).

Geomorphology
The Caranguejeira River forms a wide bend while crossing Lapedo. Upstream, the valley
is oriented SSE-NNW and asymmetrical, with a short and steep left hydrographic slope and a
gentle and longer right one. The entrance of the river into the gorge (approx. 85 m a.s.l.) is
marked by a sudden change of the valley axis to WSW (Fig. 4-8).

FIG. 4-8 – Simplified geomorphological sketch of the Lapedo Valley and adjacent areas, mapping identified morphological units
(MUs). Equidistance of contour lines is 20 m. The black triangle indicates the Lagar Velho rockshelter. Key: 1. Ponte MU,
alluvial sediments. 2. Ponte MU, slope waste deposits. 3. Grinde MU. 4. Caranguejeira MU. 5. Monte MU. 6. Undifferentiated
alluvial sediments. 7. Tertiary top surface. 8. Position of the Lapedo gorge corniche.
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The Lapedo Valley may be split into three parts: the upper, ENE-WSW, featuring walls
reaching 75 m height; the middle, where the stream runs to SSW, the height of the cliffs
decreases, and the minimal width of the gorge (about 100 m) is attained; and the lower, oriented E-W, with rock faces becoming shallower until the exit of the canyon (about 80 m a.s.l.).
The Lagar Velho rockshelter is located at the transition between the middle and lower parts, on
the outer side of the meander formed at that position.
The configuration of the Ribeira de Caranguejeira is probably geologically controlled, and
its origin is still unclear. The hydrographic pattern suggests that it may be related to the deepening of a meander, later constrained by the limestone walls. Preliminary geomorphological
data indicate that the activity of the Caranguejeira stream during the Quaternary mainly consisted in the deepening of the riverbed, in accordance with results from previous work on the
morphodynamic evolution of the region (Cunha-Ribeiro, 1999).
The incision of the stream started from a surface that is found outside the gorge, beyond
the edge of the limestone cliffs (no. 7 in Fig. 4-8 and Fig. 4-4). That surface is preserved at various places, at an elevation lower than the depositional top of the Miocene (Figs. 4-3 and 4-4),
dips W, and covers an unconformity surface over Cretaceous and Cenozoic units. The pedosedimentary record associated with the surface consists of occasional rounded quartz or
quartzite pebbles, over which weakly developed soils (A-C profile) are present. The difference
in elevation between the present river-bed and the pre-incision surface reaches 90-100 m, in
agreement with the Quaternary lowering of the hydrographic network estimated for the MCE
(Martins, 1949; Ferreira et al., 1988). The transition from the pre-incision surface to the gorge
(“corniche”) is abrupt (no. 8 in Fig. 4-8).
The morphology of the rock faces delimiting the Lapedo gorge is fairly homogeneous.
Walls often exhibit rounded shapes, with alternation between overhanging portions modeled
in massively-stratified, harder limestone beds, and elongated shallow open cavities and rock-

– Schematic cross profile of the Lapedo Valley at Lagar Velho (not to scale; see Fig. 4-2 for location of the intersection
between the profile and the rockshelter).
FIG. 4-9
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– Detail of the Lapedo
limestone cliffs.
FIG. 4-10

shelters at different heights of the cliffs developed in well-stratified, sometimes nodular, marl
or marly limestone (Figs. 4-7, 4-9 and 4-10). The cavities have smoothed roofs and walls. Points
of access to the endokarstic network have not been found so far. The origin of the cavities probably results from the action of concomitant causes such as selective erosion due to lithological
control, lateral river erosion, frost action and wall degradation, with karstic processes having
played a minor role. Though Lapedo is located in a Mediterranean environment, cryoclastism
should not be underestimated, especially during Pleistocene times, due to the microclimate
(see below) and the frost-liable structure of the rock.
A number of often badly preserved accumulation morphologies and related sediments
were observed in the valley. Preliminary data are available for the alluvial system. Today, the
stream incises an alluvial drift, barely recognizable at Lapedo (Fig. 4-11) but well developed elsewhere, which received the preliminary designation of “Ponte morphological unit” (Ponte MU,
no. 1 in Fig. 4-8, see also Fig. 4-4). The height of the alluvial escarpment delimiting this lowest
morphological unit is of 1-2 m. Its bulk is formed of rounded to well-rounded poligenic gravel
devoid of carbonate lithologies (its extension roughly matching the Quaternary sediments
reported as no. 4 in Fig. 4-6). The top of the alluvial terrace related to this drift is laterally continuous with foot-slope colluvial sediments (no. 2 in Fig. 4-8; Fig. 4-12). The dating of this unit
is still unknown, but it is clearly younger than the erosion surface cutting the Lagar Velho fluviatile sequence (ca.28-26 kyr BP, see below), which only gives a broad indication of its late
Upper Pleistocene or Holocene age.
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FIG. 4-11

– Alluvial drift related to the Ponte MU, across the stream from Lagar Velho.

– The right hydrographic slope of the Ribeira de Caranguejeira at the entrance to the Lapedo gorge. Note the alluvial
sediments passing laterally to slope waste deposits (Ponte MU) and the limestone outcrops in the background.
FIG. 4-12
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The alluvial drift formation next in elevation to the Ponte MU is that observed in deep
soundings opened at Lagar Velho, for which almost no morphological evidence is available in
the Lapedo Valley. Upper orders of alluvial drifts and corresponding morphological terraces
were identified in other localities along the Ribeira de Caranguejeira, especially on the right
bank, around Grinde and Caranguejeira. The tops of these terraces (named as Grinde,
Caranguejeira and Monte MU, nos. 3, 4 and 5 in Fig. 4-8; see also Fig. 4-4) lie ca.25, 45 and 60
meters, respectively, above the present river-bed.
Slope waste deposits are found at the foot of the cliffs and as remnants along them. They
are mostly formed of limestone breccias or soil-sediment and correspond to successive phases
of accumulation throughout Quaternary times.

Climate
The present climate of the area is characterized by a mean annual temperature of about
15°C and a mean annual rainfall of ca.1000 mm/yr, with about 100 rainy days per year and an
actual evapotranspiration between 600-700 mm/yr. Frost is active during ca.30 days per year
and distributed over a time span of three months in the winter (Atlas do Ambiente, 1974).
According to the thermal regime, this climate may be defined as attenuated Mesomediterranean (Alcoforado et al., 1982).
It is worth noting that the Leiria depression is characterized by frequent fog and, in general, by high values of relative humidity of the air, factors which are not recorded by “standard”
climatic data. Moreover, the setting of the Lapedo Valley and the fact that Lagar Velho faces
north are responsible for the lower temperature and the higher moisture of the site with respect
to the surrounding land.

The Lagar Velho Rockshelter: Morphology
The Lagar Velho rockshelter back wall
is approximately E-W and is composed of
massive limestone and nodular stratified
marly limestone, giving rise to the mentioned alternation of overhangs and cavities.
They are horizontal or slightly dipping west
and somewhat irregular, following the wavy
bedding and the gentle fold affecting
Cretaceous rocks some tens of meters downstream (Figs. 4-7 and 4-13).

FIG. 4-13 – The cliff above the Lagar Velho shelter seen from NE.
Note the wavy bedding of the limestone layers, the dry
waterfall on the left, the upper (UH) and intermediate
overhang (MH), and the position of profile P9, where the
whole succession’s top soil (ts complex) is preserved.
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To the east, the rockshelter is interrupted by a convexity of the cliff, related to the outlet of a small valley draining the top surface beyond the edge of the gorge. The cliff shape
and an accumulation of travertine denote the existence of a small waterfall (Fig. 4-13), inactive today except for anthropic discharges, but probably active in the past. The western end
of the rockshelter is not visible, being sealed by a wall of the now ruined press (lagar) that
denominates the site and by the road crossing the valley.
The alternation of different types of rock along the back wall is responsible for the existence of three drip-lines on the rockshelter floor, one from each of the projecting overhangs.
These drip-lines influenced the site’s sedimentary layout, the differential distribution of sedimentary facies, and the microrelief of the paleosurfaces. Fig. 4-14 illustrates their approximate position on the site plan (see Fig. 4-9 for their location along the cliff). The external dripline is associated with the larger, upper overhang and runs at an angle of ca.15o with respect
to the base of the wall. As a result, the maximum width of the rockshelter, along row 1 of the
site reference grid at current ground level, is in excess of six meters. A second drip-line,
roughly parallel to the wall, is related to an intermediate overhang located immediately above
the topsoil of the rockshelter fill. A lower overhang, originally buried by the late Gravettian
and Solutrean deposits, exists at an elevation of ca.82.5-83.0 m a.s.l.. It has a different shape,
resulting in an abrupt change of cliff morphology, preliminarily modeled as a roof dipping
south with a moderate angle. The lower overhang does not seem to correlate with any significant variation in lithology (although excavations have yet to expose a meaningful portion of
the lower part of the shelter’s back wall) and may have been formed by ancient fluvial lateral
erosion. If so, the rockshelter may extend inwards for a significant depth.

FIG. 4-14

– Lagar Velho. Surface features between ca.23 and ca.22 kyr BP and approximate position of present day drip-lines.

The Lagar Velho Rockshelter: Stratigraphic Layout
The original stratigraphic succession of the Lagar Velho rockshelter has been lost in part,
especially where the upper deposits are concerned, because of bulldozing activity prior to the
discovery of the site. The succession is characterized by considerable vertical and lateral varia-
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tion, attesting the complexity of the site’s environment. Besides human activity, the variability
observed is controlled by three main factors:
a) the morphology of the rockshelter, shallow and open to the influence of external
agents and processes (fluvial, gravity-driven, mass transport), with varied microenvironments developing parallel to the wall, both synchronically and diachronically; the
shelter is also well-lit and humid, favoring vegetation growth and soil formation;
b) the position of the drip-lines, controlling the transversal depositional system
through time; the stratigraphic layout indicates that drip-line retreat has not been significant, but the presence of the three overhangs was a cause of further complexity; for
instance, the bedding mainly dips west as a result of the coincident position of the
drip-lines in the eastern part of the site, originating a higher rate of sedimentation in
this area;
c) the topography and microrelief of the bedrock and boulders detached from the wall
and roofs, causing a puzzle-like pattern of sectors that are sometimes isolated from one
another.
An example of the topographic complexity of the site’s surface is given by the elongated
depression that existed throughout the time period between ca.27 and ca.22 kyr BP in the middle-western part of the site, between rows 1 and 13 of the reference grid (Figs. 4-14, 4-17 and 423; see below for details). The depression, which originated subsequent to an erosional event
occurring ca.28-26 kyr BP, was one of the main features of the paleosurface at the time of the
Lagar Velho 1 burial and persisted for some millennia as an elongated basin with a lower sedimentation rate located between two roughly parallel ridges with higher natural inputs: the
main drip-line (material falling from the overhang) and the base of the wall (inputs resulting
from frost action and wall degradation). Filling of this depression did not occur until after ca.2524 kyr BP, through processes of soil-sediment inwash and intense wall degradation (during the
accumulation of the ls and ms geoarcheological complexes, see below). This process was completed ca.22.5-22 kyr BP, when sedimentary accumulation eventually regularized the site’s surface, even if discontinuously.
The above-mentioned factors are responsible for the difficulties encountered in the reconstruction of the overall site succession. We tried to overcome this problem by making a number of accurate and comprehensive descriptions of sections, remnants and excavation units, followed by stratigraphic correlation and facies analysis. Still, most of the cross-sections described
are longitudinal to the wall, and transversal cuts are few because of the proximity of the bulldozing cut to the cliff, which does not allow us to evaluate properly the geometry of sedimentary bodies. A further problem is the intense carbonation of some units, which on occasion
almost cancelled unit interfaces.

Geoarcheological Complexes
The succession observed at Lagar Velho was divided into nine GCs (Geoarcheological
Complexes), according to stratigraphic position, pedosedimentary components and features,
and presence of anthropic layers (Table 4-1). Chronometric data for this succession are given
in Table 4-2. A detailed stratigraphy of the site, as reconstructed by correlating all the excavation units defined until now and taking into account the GFUs described in some of the profiles and sections, is provided in Fig. 4-15.
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Table 4-1
Lagar Velho geoarcheological complexes.

ts
us
ms
ls
gs
tc
bs
al
ka

Geoarcheological
complexes

below…

top soil
upper slope deposits
intermediate slope deposits
lower slope deposits
fine gravel and sand
transitional complex
lowest slope deposits
alluvial complex
carbonate silt and sand

–
–
us
ms
ms, ls
ls, gs
tc
ms, ls, tc
(all)

Physical relations
above… heteropic to…
(all)
–
gs, tc
gs, tc
tc
bs
–
–
–

–
–
–
–
–
–
al?
bs?
–

Elevation (m a.s.l.)
max.
min.
86.95
?
84.15
82.45
83.05
82.35
81.80
82.13
–

Maximum
thickness (cm)

?
83.95
82.25
81.85
82.35
81.30
?
79.85
–

100
200
100
40
70
100
100
140
–

Result

δ 13C

Table 4-2
AMS 14C results for Lagar Velho Sectors SW, SC and SE.
Sector

Field
reference

GFU

GC

Material

Lab number

SW

H4

SW02B

ms

Wk-9256

22 493 ± 107 -25.0 ± 0.2

SW

F3

SW02D

ls

Wk-9571

23 042 ± 142 -20.5 ± 0.2

SC

J13-50, cam. 3
(NA 12)
J13-54, cam. 4-5
(NA 14)
J13, cam. 5
(Am 7)
J13-92, cam. 11
(NA 24)

X1H9c

ms

OxA-9571 (a)

23 130 ± 130

-21.9

X1H10

ls

Charcoal
(Pinus sylvestris)
Unidentified
bone
Equus sp.
(charred phalanx)
Charred bone

OxA-9572 (b)

23 170 ± 140

-21.6

X1H11

ls

Charred bone

Beta-139361 (c)

>22 720 ± 90

-22.8

X1H21

tc

SE

K20-52, NA 13

SE02

tc/bs

SW

F3, SW04

SW04

al

SC
SC
SC

Equus sp.
OxA-10674
24 950 ± 230
(diaphysis of
metapodial)
Long bone
OxA-10849 (d) 27 100 ± 900
fragment (Equus sp.
or Cervus sp.)
Bone (Equus sp.)
OxA-11318
29 800 ± 2500

-20.3

-20.46

-21.3

The location of the samples in the stratigraphic sections (or their projection onto them) is indicated in Figs. 4-18, 4-20 and 4-21.
(a) Initial weight = 380 mg; yield = 21.8 mg; weight burnt = 5.5 mg; carbon yield = 1.5 mg; C/N ratio = 7.2
(b) Initial weight = 15 mg; yield = 8.6 mg; weight burnt = 2.9 mg; carbon yield = 0.9 mg; C/N ratio = 7.5
(c) Lab comment: “Sample provided plenty of carbon for accurate analysis but cannot be defined as bone protein; it could be
entirely primary material, entirely exogenous carbon, or a combination of both; in any case, material such as this can usually be
interpreted as a minimum age.”
(d) Initial weight = 680 mg; carbon yield = 2.5 mg; C/N ratio = 3.0

FIG. 4-15 – Preliminary stratigraphic correlation and major formation processes at Lagar Velho. On the left side: columns represent the
excavation Sectors and geoarcheological cross-sections and profiles [the squares or rows (r.) in the site’s grid are also indicated]; all
correlations are centripetal from X1 section; the font used indicates the reliability of the correlation (bold - direct connection, normal
- stratigraphic correlation, italic - possible stratigraphic correspondance, underlined - GFU with erosional lower boundary); the
shading indicates the geoarcheological complex of appurtenance for the different GFUs. On the right side: cultural attributions:
G - Gravettian; TG - Terminal Gravettian; LS - Lower Solutrean; MS - Middle Solutrean; approximate date: approximate mean value
of radiocarbon dating; dated GFU’s are indicated by (*) or (^); the measures in italic refer to archeological materials in a derived
position (for explanation and details on dating see text and Chapter 7); main sedimentary formation processes: the symbols indicate
the observed facies (CAPITAL / small letters indicate the intensity of process): A - alluvial sediment [sub-types: A(h) - high-energy,
A(m) - mid-energy, A(l) - low-energy], W - inputs from the shelter wall (sub-types: C - cryoclastic, F - fall, sl - stone-line), M - inwash
of soil-sediment, R - inputs from surficial wash, K - residual carbonate; soil formation and anthropic processes - the code after the
description indicates the sector or cross-section where the process was observed.
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The six uppermost complexes may be considered together as forming an upper group
mainly composed of gravity-driven sediments. One of the complexes (tc) shows transitional features between the slope waste
and the fluvial deposits. Some
components are recurrent in the
entire upper group and will be
described together.
FIG. 4-16 – Lagar Velho (Sector FL, square J16,
GFU FL20b). Horizontal close-up view of
the salachok facies.

Composition of the Gravity-Driven Deposits
Several types of coarse components (> 2 mm) are found in the six uppermost complexes.
Average attributes are described below.
K - Carbonate coarse components (limestone, except when specified otherwise).
K1 - substantially unweathered, equant, angular to subangular fragments falling in the
size classes of very fine and fine gravel.
K2 - moderately to intensely bulk-weathered, equant, subrounded to subangular fragments of clayey limestone and marl, generally ranging between 1-3 cm; this material was
washed out from the top surface, as indicated by lithology and alteration patterns; it is typically found in deposits (the so-called salachok [chocolate salami] facies, see Fig. 4-16)
whose distribution is related to the position of the main drip-line (Fig. 4-14).
K3 - unweathered, platy or tabular, angular fragments with sedimentological b axis up to
3 cm, sometimes with patina or endolithic alteration on one face and showing frost cracks;
these components may be interpreted as frost slabs coming from the rockshelter wall.
K4 - unweathered, platy or tabular, angular fragments with b axis over 3 cm, patina or
alteration as above; these are larger frost slabs from the wall.
K5 - unweathered, large (5 to 50 cm b axis), angular to subangular fragments, often with
diaclases or fractures, representing blocks and boulders detached from the wall as a result
of mechanical processes.
N - Non-carbonate coarse components
N1 - rounded to well-rounded pebbles, in the class of very fine and, sometimes, fine gravel, formed of transparent to milky, whitish to pink quartz, derived from the reworking of
lower Cretaceous and Tertiary clastic rocks.
N2 - rounded to well-rounded pebbles and cobbles, formed of quartz and quartzite, often
broken or cracked by thermal fractures; this component may derive from Cretaceous and
Tertiary rocks or from human inputs.
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Other components may not fall into any of these.
The fine material (< 2 mm) is also classifiable into a limited number of categories,
as follows.
F1 - brown loam to silty loam, massive, usually part of a sediment with an overall low
to moderate sorting (in term of total grain size) and with no recognizable sedimentary
features.
F2 - yellowish brown sandy loam, massive (single grain); generally part of a sediment
with low to moderate sorting and with no recognizable sedimentary features.
F3 - same characters as F1 or F2, but with intercalated medium to very coarse sand
laminae.
F4 - irregular laminar alternation of angular to subangular calcareous fragments in the
classes of coarse sand to very fine gravel.

Brief Description of the Geoarcheological Complexes
ts (top soil)
The uppermost part of the stratification is preserved in a small hollow of the cliff some
4 m above the bulldozing surface, immediately under the intermediate overhang (Figs. 4-9
and 4-13). The surface of the topsoil is horizontal and the profile is articulated into the Ah12Ah2-2AB-2Bt-2BC horizons, with an observed 60 cm thick solum. The A horizons are darkcolored, rich in well-humified organic matter and show well-developed granular pedality; the
Bt horizon is brown clayey loam with slightly weathered limestone fragments and angular
blocks, and it exhibits a discontinuous, thin (clay?) coating. A hiatus is present between the
2AB and 2Bt horizons, and the 2BC and C horizons are partly missing. The soil may be preliminarily classified as a sol brun (Duchaufour, 1976) or, considering the Soil Taxonomy, as
an Alfisol (Soil Survey Staff, 1979), and it attests to a relatively prolonged evolution in biostatic conditions. The age of deposition of the parent material and the duration of soil development are so far unknown.

us (upper slope deposits) complex
The us complex includes the slope waste sediments of the hanging remnant (sector TP),
preserved in an elongated interbed fissure of the back wall. The reconstruction of the actual
features of the complex is rather difficult, due to the impact of bulldozing, especially in its
upper reaches.
Observing the remnants along the wall, it may be estimated that the us complex was at
least 2 m thick. In its preserved part, the coarse components type K3 and K5 (see above) are
common, while the fine material is on average yellowish brown sandy silt and silty loam,
with variations mainly related to the quantity of organic matter. Human inputs are common,
and the lower part of the complex is formed of slope waste deposits with fine organic material and abundant human inputs such as charcoal fragments, lithics, bones and manuports.
This lower part corresponds to GFU TP06, whose base fills some erosional channels perpendicular to the wall, with a clear erosive lower boundary. GFUs TP09 and TP06 are laterally affected by a cut-and-fill feature, which also runs roughly perpendicular to the wall.
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The pockets are filled by GFUs TP07 and TP08, rich in archeological objects laying in secondary position, and whose radiocarbon dates range between c. 23.0 and 20.5 kyr BP (see
Chapters 3 and 7).

ms (intermediate breccias and slope waste deposits) complex
The ms complex is well preserved, except in its upper part, which was truncated by the
bulldozer. The complex is mainly composed of slope waste deposits that outcrop in the
middle and western portions of the site, filling the above mentioned elongated depression
(Figs. 4-14 and 4-17). The sediments of the complex are articulated into a succession comprising limestone breccias, often cryoclastic, discontinuous and in the form of stone-lines
(predominant K3 and subordinate component K4 in scarce fine material of F1 type), alternating with brown loam sediment (fine material of F1 and F3 types). Toward the exterior
of the site, the sediments pinch out to units formed of K2 coarse components embedded
in F1 or F2 fine material. The succession is roughly layered or laminated (Figs. 4-18 and
4-19), with alternating levels of the mentioned coarse and fine components. The sequence
is complex and laterally variable (Fig. 4-15). No significant soil formation processes were
observed.

– Lagar Velho, 2001 excavations. Sector EE is in the foreground. Behind , the X6 cross-section, which cuts almost
perpendicularly the upper part of the fill accumulated in the depression that still existed in this area between ca.23 and ca.22 kyr
BP. The salachok facies, composed of materials falling from the main overhang, forms its outer limit. The inner limit is a
breccia made up of clasts derived from the shelter’s back wall and lower overhang.
FIG. 4-17
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FIG. 4-18 – Lagar Velho, X1-W cross-section (west section of square J13). List of symbols (also valid for Figs. 4-20 and 4-21): 1.
Excavation limit. 2. Artificial limit. 3. Erosional boundary. 4. Sharp boundary. 5. Clear boundary. 6. Bedrock or large boulder. 7.
Limestone fragment. 8. Artifact or manuport. 9. Bone. 10. Charcoal fragment. 11. Lamination. 12. Carbonation. 13. Clay
illuviation. 14. Pollen sample. 15. GFU name (see Fig. 4-15 for stratigraphic correlation). GC indicates the corresponding
geoarcheological complexes. Drawing of the section by J. Karvonen, partial elaboration by J. Zilhão.
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– Vertical close-up view of the sediments in ms complex (Sector EE, GFU EE09, south section of square I10). Note the
poorly recognizable bedding.
FIG. 4-19

The archeological content is the most representative in terms of preservation and structural organization so far observed at Lagar Velho. Almost all the excavation units in the middle part of the rockshelter (rows 3 to 13 of the site grid) contain artifacts and faunal remains
and many of the stone-lines correspond to variously preserved occupation surfaces, sometimes with distinct distribution patterns, as in the case of GFU EE15 (see Chapter 3).
The age of the complex is given by available dates (Table 4-2). The base of the complex
is dated to 23 130 ± 130 BP (OxA-9571), from a sample in sector SC, while the result of
22 493 ± 107 BP (Wk-9256), from sector SW, represents the terminus post quem for the end
of sediment accumulation. Considering the available dates for the overlying us complex, the
accumulation of ms probably lasted from ca.23 to ca.21.5 kyr BP.
The deposition of the ms complex is essentially related to gravity-driven processes with
the concurrent action of water. The components come from three main sources: the frost
slabs and rock fragments from the wall; the fine material from pre-existing soil covers of the
surrounding areas; the weathered rock fragments from the units outcropping on the top surface outside the gorge. The sedimentary features and organization of the complex indicate
that the depositional mechanisms are probably related to debris-flow or overland flow
(Bertran and Texier, 1997). Thus, the sedimentology of the complex attests to strong erosional processes, with a denudation of surrounding soil covers and bedrock, in a cold and
humid environment. The geomorphological location of the rockshelter permitted the continuous accumulation of the eroded sediments, making for a quick sealing and, hence,
preservation of features relating to the human occupation of the site.
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ls (lower slope deposits) complex
The ls deposits form a relatively homogeneous and thin succession showing a poorly
developed soil at the top (Fig. 4-18). The complex is exposed in the middle and western portions of the site, close to the back wall, and covers the gs complex with an off-lap relation.
As is the case with the ms complex, the sediments of the ls complex fill the depression
between the inner (along the wall) and outer (at the external dripline) ridges mentioned
above (Fig. 4-14). Three main units have been distinguished so far. The upper and lower
ones are composed of F1 material, with a scarce calcareous coarse fraction of K1 type. This
component may be locally common at the base of the upper unit and arranged in the form
of a low angle or festooned lamination. At places, a discontinuous stone-line of fine limestone fragments, passing to a cryoclastic breccia toward the rockshelter wall (main coarse
component K3), is present at the boundary between the two units.
The upper unit of the ls complex shows, in sector SC, some well-incorporated organic
matter and traces of ancient bioturbation, as well as a moderately developed prismatic structure, enrichment of finely dispersed carbonate and rare carbonate hypocoating. These features suggest that this unit corresponds to a buried, weakly developed A horizon formed during a short stable phase, probably spanning a few hundred years. The A horizon gradually
thins and loses its pedogenic features to the east. Human inputs are present in all the units,
especially on the upper surface of the complex; abundant remains related to fire activity are
found in sector SW (unit SW02D).
Three AMS radiocarbon dates are available for the upper unit of the ms complex (Table
4-2): 23 170 ± 140 BP (OxA-9572) for GFU X1H10, in sector SC, excavation levels 4-5; statistically identical 23 042 ± 142 BP (Wk-9571), for excavation layer SW02D, in sector SW;
and > 22 720 ± 90 BP (Beta-139361), a minimum age for GFU X1H11, in sector SC, excavation level 5. The age of the base of the complex may be inferred from the dating obtained for
the child’s burial, stratigraphically located at the top of the underlying gs complex, i.e., 24 to
25 kyr BP (Chapter 7).
The ls complex represents, therefore, a time span of approximately 1000 to 2000 years,
during which both sediment accumulation and soil formation took place. The complex was
deposited by gravity-driven processes accumulating slope waste deposits derived from preexisting soil covers, with a subordinate cryoclastic fraction close to the wall. As with the ms
complex, the sedimentological data indicate erosion in a cold and humid context. The phase
of biostasy recorded by the paleosoil identified in the sequence indicates a temporary halt in
the accumulation of sediments, probably as a result of a short-term shift to environmental
conditions more favorable to vegetation growth and consequent decrease of erosion in the
surrounding landscape.

gs (fine gravel and sand) complex
The gs complex consists of an alternation of fine gravel and sand units outcropping
along the rockshelter wall, derived by slope waste processes associated with water. The Lagar
Velho 1 burial was situated at its top (Fig. 4-20).
This complex only exists in the eastern part of the rockshelter (east of row 15 of the site’s
grid). Its upper surface and lateral boundaries are not preserved, but its base lies above the
tc complex with a concave boundary oriented towards the wall. The stratigraphic situation of
the lower part of the complex is not clear yet, as it was not entirely explored, and a partial
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FIG. 4-20

– Lagar Velho, X5-W cross-section (west section of squares K-L20). See Fig. 4-18 for a key to the symbols.

heteropy with the tc complex is possible. The maximum thickness of the complex was
observed in square L20, exactly under the burial. Partial remnants along the wall reveal that
the units related to this complex were thicker to the east.
The complex is made up, at the point of maximum thickness, of an irregular, concave,
lenticular alternation of layers elongated parallel to the wall, essentially formed of the abovedescribed K1 coarse material and of fine brown sediment of the F4 type. All the units are
moderately to strongly carbonated, sometimes weakly cemented. Some of the layers are separated by stone-lines with stones oriented parallel to the unit boundaries. The sequence is
closed at the top by a tabular, almost regular, layer of firm brown silty clay, with weakly recognizable parallel lamination (GFU X5H3). No traces of significant soil formation processes
were observed. Archeologically, the deposits are almost sterile, except for the Lagar Velho 1
burial. The time span corresponding to the formation of this complex is extremely short,
comprehended as it is between the ca.24-25 kyr BP for the burial and the 24 950 ± 230 BP
(OxA-10674) date obtained for the underlying tc complex (see below).
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The origin of the gs complex is related to the accumulation of sedimentary material
coming from the east, through a mixed sedimentary mechanism, controlled by gravity and
surface running water, and with rhythmical changes in energy and in the nature of the transported sediment. The observed exposures may represent the distal part of a talus, the center
of which could have been located at the waterfall east of the site. Surface running water
would have caused the successive reworking of the sedimentary inputs along the wall affecting also the sediments under the lower overhang. Thus, this sedimentary complex probably
formed during a time lapse when abundant water was available in the system, probably a
humid climate phase.

tc (transitional) complex
The tc complex represents a transition between the two distinct sedimentary environments located below (fluviatile) and above (gravity-controlled). It consists of an alternation of
breccia/loam deposits and sand layers. To the east, the complex loses its transitional features
and overlies the bs complex, formed of slope waste sediments, with an erosional boundary.
The transitional features are better observed in the sections and profiles where the alluvial
deposit underlies the slope waste sediments, as in section X1 (Fig. 4-18). The most striking
feature of the complex is the variability of inputs: all types of coarse materials described above,
reworked sands derived from the alluvial material, and varied quantities of anthropic inputs.
This feature is especially evident in the lowest GFU of the complex in section X1, where
reworked alluvial sand and silty slope waste inputs alternate almost regularly. It is worth noting that the boundaries between the GFUs forming the tc complex are often erosive, and that
the basal unit is laying in unconformity over the sediments of the al complex.
Various postdepositional features have been observed in the tc complex. Some weakly
expressed granular structure and some bioturbation are visible in the uppermost GFU.
Mottling and slight bleaching as a result of hydromorphism, as well as decarbonation and
deformation features, are found in some of the GFUs. To the west (sector SW), the complex is only represented by two thin, deformed, bleached and decarbonated sandy layers,
which irregularly coat the erosion surface cutting the underlying alluvial complex (Figs. 421 and 4-22). The archeological evidence is scarce and represented by a few scattered artifacts and ecofacts.
The beginning of the sedimentation process that originated the build-up of these
deposits is given by two AMS radiocarbon measurements. The date of 27 100 ± 900 BP
(OxA-10849) was obtained from a sample collected in the surface separating the tc complex
from the underlying bs complex in square K20 (GFU SE02; see Fig. 4-20 and Table 4-2),
whereas one of the basal layers of the tc complex itself was dated to 24 950 ± 230 BP (OxA10674) in sector SC, square J13, GFU X1H21. The accumulation came to an end before 2425 kyr BP (age of the upper part of the overlying gs complex) and, therefore, must have been
quite rapid.
The sediments of the tc complex document a transitional phase occurring after the partial erosion of the alluvial drift and coinciding with the beginning of intense slope activity in
and around the site. The erosion of the alluvial sequence is related to the deepening of the
valley bottom, resulting from a major change in the morphodynamics of the area, a process
that led to a re-equilibration of the river-slope system in the Lapedo Valley. It is not clear if
this modification is related to a major climatic fluctuation or to other reasons, such as neotectonics or changes in the regional hydrographic pattern.
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FIG. 4-21

– Lagar Velho, X4-E cross-section (east section of squares F-G3). See Fig. 4-18 for a key to the symbols.

– Lagar Velho, X4-E cross-section. Sediments of the al complex, truncated by a deformed and microfaulted erosion
surface, are visible in the lower part of the image (see also Fig. 4-21).
FIG. 4-22
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bs (lowest slope deposits) complex
The bs complex outcrops in the eastern part of the rockshelter as the lowest stratigraphic complex, lying directly on bedrock (Fig. 4-20). The geometry of the sedimentary
body is unclear, due to the reduced area of the exposure. The bulk of the complex is made
up of breccias, mainly cryoclastic, clast-supported or embedded in matrix of the F1 type, and
it dips NW with an angle of around 30°. No soil formation or archeological materials were
observed, but faunal remains were found on the erosional surface at the top of the complex.
The material mainly derived from the degradation of the rockshelter wall, in a time period
older than 27 100 ± 900 BP (see above).

al (alluvial complex)
The fluviatile complex is the lowermost in the Lagar Velho succession and was not
affected by bulldozing. It forms the bulk of the narrow terrace located on the left side of the
Ribeira de Caranguejeira and is the substratum for the stratigraphically upper complexes
and for the site’s human occupation. Exposures of these alluvial deposits were obtained in
the deep trenches opened in sectors SC and SW (Fig. 4-1), but they are not documented on
the eastern side where the child’s burial was located.
The upper boundary is transitional in the central sector, passing to the tc complex. In
the eastern sector, however, that boundary is an irregular erosion surface dipping south (to
the rockshelter wall) and cutting the fluvial succession (Figs. 4-21 and 4-22). Even if a direct
link has not been observed, stratigraphic correlation suggests that this surface corresponds
to that between the tc and bs complexes, dated to 27 100 ± 900 BP. The lower boundary has
not yet been observed. The age of deposition of the al complex is given by the date obtained
from a horse bone collected in GFU SW04, for which the result of 29 800 ± 2500 BP (OxA11318) was obtained.
The complex is formed, in its upper part, of a fairly regular alternation of sand and silt
layers. Sand layers are, on average, composed of gray or yellowish gray very fine to fine sand
with scarce amounts of silt, decarbonated or very poorly carbonated. Their composition (predominantly quartz) is polygenic, and they bear a number of sedimentary features typical of
fluviatile sediments, such as flat or low angle lamination and current ripples, as well as postdepositional features such as mottling and enrichment of iron oxides. The silt layers are
brownish, compact, sometimes with plane or weakly deformed lamination, moderately carbonated. Carbonate precipitation in the form of discontinuous platy nodules, sometimes
with a good degree of impregnation, occurs at the boundary between the sand and silt units.
Lenses of gravel and coarse sands are found in the lower part of the exposed sequence, one
of them containing faunal remains (GFU SW04). Some of the units are affected by syn- and
postdepositional deformation (dishes and pillars and injection dikes) and microfaulting
(Figs. 4-21 and 4-22).
No evidence of significant soil formation has been observed so far. The deposits are
archeologically sterile, although a few reduced and dispersed charcoal fragments are present
in the deformed layer reworking the fluvial sand, possibly documenting nearby human occupation. One of the bones collected in unit SW04 bears cut marks (Chapter 3).
This complex is the result of fluvial low-to-medium energy deposition related to a lateral sand bar of the Ribeira de Caranguejeira, with rhythmic variation of the river energy and
load charge. Sediment accumulation took place in the context of an alternation between
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higher energy, with depositional mechanisms dominated by saltation, and slightly lower
energy, with possible periodic emersion. The observed hydromorphic and carbonation features are linked to the presence of carbonates in the system, to the fluctuation of the ground
watertable, and to the formation of perched watertables for the alternation of sediments with
different hydraulic conductivity or the proximity of the limestone bedrock. Compared to the
present situation of the river, the deposition seems to be more regular and apparently not
linked to the torrential regime existing today, with a prolonged low energy period with
almost no sediment accumulation, interrupted by medium-to-high energy flooding with
transport of coarser sediment, up to the fine and medium gravel size classes.

ka (carbonate silt and residual sand) complex
This last complex outcrops in sector SW, close to the wall and in direct contact with the
bedrock. Its upper boundary is erosional and features scattered charcoal fragments and faunal remains. The lower boundary abruptly passes to bedrock.
The deposit is formed of massive, strongly carbonated pale yellow silty sand with scarce
unweathered limestone fragments. A weak layering dipping north exists, while soil formation or archeological materials were not detected.
The nature of the complex will be clarified in thin section. It is probably composed of
carbonate silt and sand with a restricted clastic fraction deriving from the rockshelter and its
deposition may be referred to a microenvironment isolated from the exterior or to the wash
of previously existing residual carbonate sands. The age of the ka complex is unknown.

Discussion
Site Location
The relationship between the location of the site and its archeological contents may be
considered from two different perspectives: the environmental qualities of the place and the
probability of preservation of the record.
The Lagar Velho rockshelter is located at a position showing, even at first glance, specific features in relation to the surrounding land system. Lapedo possesses a geological situation, a morphological setting, a hydrological system and a microclimate different from
those prevailing in the surrounding region. The valley constitutes a land unit with particular qualities derived from the variability of ecological niches and the presence of a stream in
a karstic context where surface water is everything but abundant. The valley also represents
a natural route for animals, especially herbivores, which affects, together with the abovementioned factors, the quantity of available biomass. The accessibility of raw materials for
the production of lithic artifacts is also noteworthy. Quartz and quartzite (and probably flint)
may be found as pebbles and cobbles in the riverbed, in the fluvial deposits of the Ribeira de
Caranguejeira and in the Tertiary sediments outcropping next to and above the Lapedo
gorge.
Nonetheless, it is clear that the preservation of the record at Lagar Velho has been guaranteed thanks to the sedimentary dynamics of the site, which worked as a sedimentary trap
due to its morphology, position and isolation from active fluvial processes taking place after
the beginning of the stream’s incision, around 27 000 BP. This is especially clear when one
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considers the time span involved in the accumulation process, which implies very rapid sedimentation rates (in the order of 0.5-1 mm/year and probably much higher for some of the
complexes).
Therefore, both the burial and the subsequent occupation of the rockshelter for habitation purposes may be seen as deriving from human decision-making in relation to the specific qualities of the site in the land system. Demonstration of this proposition may prove to
be difficult, since chances of achieving a reconstruction of the regional Upper Paleolithic settlement system are rather weak, given that the processes responsible for the rapid accumulation of sediments in the rockshelter must at the same time have brought about the erosion
of soil covers and sediments in the surrounding areas, washing away any remains left by
human activity contained therein. It is clear, however, that the Lagar Velho archeological
record as it exists today must be considered as the result of specific environmental dynamics permitting the preservation of the succession.

The Sedimentary Sequence: An Overall View
Even if characterized by important lateral variability, the stratigraphic succession at
Lagar Velho may be synthesized in a pedo-sedimentary sequence enabling a reconstruction
of the environmental transformations that affected the place through time.
There are no available data so far concerning the age and mechanism of the rockshelter’s opening, neither stratigraphic (the bottom of the site’s stratification has not yet been
reached), nor geomorphological (the site context is not clear enough to yield this kind of
information). Nonetheless, the opening of the rockshelter may be related to the deepening
of the valley, particularly where the lower overhang is concerned. The corresponding
processes (formation of the cavity at the base of the limestone cliff through the concomitant
action of frost action, lateral river erosion, wall degradation and dissolution related to karstic
activity) may have occurred during the late Middle Pleistocene or, more probably, the early
Upper Pleistocene.
The most ancient phases of deposition recorded in the site show a clear differentiation
between two areas delimited by the limestone outcrop in sector FL (squares J16-17, Fig. 423), whose maximum elevation is 82.20 m (Fig. 4-24). Eastward, the gravity-driven processes which gave rise to the bs complex were dominant, while westward the Caranguejeira paleoriver controlled the sedimentary system. The accumulation of alluvial material took place
at around 30 kyr BP, in an almost continuous and rhythmical manner, perhaps under the
influence of microclimatic fluctuations. The relationship between the two depositional systems is not yet clear, and more data are required to fully understand it.
The scenario changed due to a sudden environmental modification, which is represented by the erosional interface cutting the slope waste deposits of the bs system and the
fluviatile sediments of the al complex. The change in local environmental dynamics derives
from the lowering of the base level of erosion and the consequent incision of the Ribeira de
Caranguejeira bed, which led to the reactivation of slopes and the formation of an alluvial
terrace, which is poorly preserved today. At a larger scale, these events may be related to the
lowering of the sea level and concomitant regression of the coastline, probably beginning
around 27 kyr BP, as revealed also by geochemical analyses of the Gruta do Caldeirão
sequence (Cruz, 1990). Bleaching, decarbonation and deformation were detected in the sediments outcropping immediately under the erosion surface, indicating its exposure for a
moderately prolonged time-span.
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FIG. 4-23

– Lagar Velho. Schematic stratigraphic outline along the back wall of the rockshelter (see Fig. 4-1 for position).

FIG. 4-24

– Lagar Velho. Reconstruction of the topographic surface at the time of the Lagar Velho 1 burial.
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From this moment onwards, and until the sealing of the succession, the Lagar Velho sedimentary system was dominated by gravity-driven processes, which worked through pulses,
with depositional phases and periodic interruptions of the sedimentation, at least throughout
a time span of 5000 years, between ca.25 and ca.20 kyr BP. The geometry of sedimentary bodies shows different sedimentation rates in the rockshelter, incomes of material having been
more important in the eastern than in the western parts of the site.
The sedimentary sources of the gravity-driven deposits are varied: the rockshelter wall, the
Cretaceous and Tertiary formations outcropping outside the valley, the pre-existing soil covers
located both on the valley slopes and the ancient surfaces outside the gorge. Sediment facies
indicate that debris-flow and overland flow mechanisms were responsible for the accumulation
of material in the rockshelter, which perhaps functioned in this phase as the distal end of two
taluses, located respectively to the east and west of the site, with the energy of inwash being
attenuated inside the rockshelter. The deposits accumulating at Lagar Velho in this phase indicate intense erosion as a result of a more or less severe devegetation of the land surface
(Goldberg and Macphail, 2000).
Concerning the timing of deposition, the subdivision in complexes and units allows us to
recognize a number of events and phases in the Lagar Velho succession (see Fig. 4-15).
Activation of the slope denudation processes is recorded in the tc complex, which partly
reworked the fluvial sediments of the al complex. The tc complex was laid down in a depression along the wall, with restricted inputs from soil covers, thus attesting that erosional processes had already started but that their activity was not as important as later on, during the formation of such overlying complexes as gs. The latter was laid down in the eastern part of the
site, and formed with material coming from the east and transported along the wall. The gs and
tc complexes were deposited very rapidly, with accumulation rates in the order of 101 mm/year.
After the deposition of the gs complex, the surface of the site was characterized by a depression
with a WNW-ENE axis (Fig. 4-24), which seems to be related to processes younger than the
lowering of the valley-bottom, which occurred ca.27 kyr BP. It cannot be excluded, considering
the configuration, position and context of the depression, that it results from the activity of a
small watercourse running in this position, possibly in relation with a karstic spring located in
the area of the K-L/12-15 squares of the reference grid. This hypothesis will be tested through
future excavation work.
The ingression of soil-sediment is documented by the ls complex and represents, from a
paleoenvironmental point of view, the beginning of extensive land outwash, which started,
according to available radiocarbon measurements, after 24-25 kyr BP. An interruption of
slope waste sedimentation, leading to the formation of a shallow A-C soil profile, occurred
before 23 kyr BP. The carbonate accumulation observed in the gs complex may be related to
this biostatic phase. It is worth noting that the pedo-sedimentary sequence recorded in the ls
complex is local, being the result of actions occurring in the depression between the wall and
main drip-line.
Soil-sediment accumulation started again soon after ca.23 kyr BP and is documented by
the ms complex. It is the complex with the best stratigraphic control, thanks to its good preservation and to the open-area excavation undertaken in sector EE, which permitted the collection
of detailed stratigraphic information. The complex is fairly homogeneous from a sedimentary
point of view, but its accumulation was not continuous, as shown by the presence of stonelines, often corresponding to Gravettian occupation surfaces and which indicate periodical
halts in the sedimentation process. For the most part, these stone-lines probably correspond to
very short time lapses, as indicated by the absence of soil formation. The kinds of internal segregation processes that have been reported for these kinds of slope waste sediments (Bertran

chapter 4

87

| THE GEOARCHEOLOGICAL CONTEXT

and Texier, 1997) probably played a minor role in this case, as proven by the existence of wellpreserved living floors.
Further change in slope sedimentary dynamics is recorded by the us complex, preserved
only in the inner part of the rockshelter. The lower surface of this complex shows the presence
of channels eroding the underlying sediments, with an overall N-S axis (towards the wall), indicating the reactivation of erosion processes and the further deepening of erosional interfaces,
which were now truncating the sediments of the rockshelter itself. The process of gradual deepening of interfaces is well recorded by the inversion of dating observed in the hanging remnant
(sector TP, see Chapters 3 and 7) and may be linked to a shift towards even colder and moister
conditions, to an overall hydrological change, or to the reactivation of karstic processes. The
sediments filling the erosional features at the base of the complex contain abundant reworked
anthropogenic inputs, indicating the presence of adjacent archeological deposits and of human
occupation surfaces.
The upper part of the stratification is badly preserved. The remnants along the wall indicate that an almost 3 meters-thick succession mainly formed of soil-sediment, limestone fragments and reworked human material is missing. The sealing of the succession is represented
by the soil of the ts complex, which records various pedogenic processes, among them decarbonation, brunification and clay translocation. The age of deposition of the parent material and
the duration of soil formation are not known yet, but, considering the development of the soil
and its position, it can be argued that pedogenesis took place throughout the entire Holocene,
and that sediment accumulation may have come to an end during the late glacial.

Chronological and Paleoclimatic Significance of the Lagar Velho Succession
The Lagar Velho succession covers a significant portion of oxygen isotope stage 2. As discussed before, the observed stratification records a transition towards harsher environmental
conditions (beginning and increase of erosion, removal of soil cover, frost action, etc.) with
repeated pulses, major erosional phases at around 27 and 20 kyr BP, and an unstable/rhesistasy mode throughout the entire studied succession.
At a regional scale, similar data are reported from other locations in central Portugal. The
paleoenvironmental record at the open-air sites of Rio Maior shows that the land stability,
with important vegetation cover and reduced sediment mobilization between 28-25 kyr BP,
was interrupted by degradation of the vegetation cover, lowering of water-courses and erosion
between 25 and 22 kyr BP. There was a consequent removal of slope cover and accumulation
of waste deposits at the feet of the slopes, a process which continued throughout the time
span 22-18 kyr BP (Zilhão, 1997). The regression of the Atlantic shoreline related to the lowering of the sea level, one of the main causes for the deepening of the valleys, is registered in
the sedimentary succession of Gruta do Caldeirão. There the N/K ratio, a geochemical parameter considered as a marker of oceanic humidity, starts decreasing ca.26 kyr BP, reaching a
minimum peak ca.18 kyr BP (Cruz, 1990; Zilhão, 1997). Magnetic susceptibility measurements at the same cave indicate an interval between 21 and 18.5 kyr ago for the LGM (Ellwood
et al., 1998).
Thus, the LGM was preceded in central Portugal by a generalized environmental “crisis,”
well recorded also at Lagar Velho. The characteristics of the environmental dynamics during
this phase and the following LGM, with predominant extensive overland and surficial erosion
of soil covers and concomitant accumulation of slope waste deposits in “sedimentary traps”
such as caves, rockshelters, valley-bottoms, etc., are responsible for the abundance of Late
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Gravettian and Terminal Gravettian or Proto-Solutrean sites in the region, buried by sediment
aggradation, as already observed in the literature (Zilhão, 1997). Similar climatic and environmental trends have been detected in neighboring areas, for instance in the transition from
the Aterian to the Ibero-Maurusian levels (ca.24-20 kyr BP) at the Pigeons Cave, Taforalt,
Morocco (Courty and Vallverdú, 2001).
The knowledge of the climatic fluctuations of oxygen isotope stage 2 is fairly detailed and
various events of abrupt climatic change are known. Of particular importance are the
Heinrich Events (HE), corresponding to main peaks of concentration of ice-rafted debris in
the North Atlantic (Heinrich layers) and related to climate fluctuations which affected, at least,
all the northern hemisphere. The four youngest HE peaks (Heinrich Events HE1 to HE4) are
dated to 14.5, 20.5, 26.0 and 36.0 kyr BP (Bond and Lotti, 1995; Stocker, 2000). The two main
erosional phases at Lagar Velho respectively date to around 27 and 20 kyr BP, dates which
match with two of the Heinrich Events and are related to a shifting towards colder and
moister conditions. Between those two erosional episodes, the succession records a short
phase of stabilization around 23 kyr BP, with favorable conditions for vegetation growth,
which might be related to the Dansgaard-Oeschger Event 2 (Dansgaard et al., 1993).
Though based on hypotheses, both glacial and marine, the chronological phasing of the
climatic record of the northern hemisphere and the pedo-sedimentary evidence at Lagar
Velho are in striking agreement, indicating the sensibility of the site’s record and the close
correlation between climate and environmental dynamics. This may be related to the geographical location of central Portugal and its proximity to the Atlantic coast.

The Surface Exposed at the Time of the Lagar Velho 1 Burial
From a stratigraphic point of view, the surface into which the child was buried is the
upper part of the gs complex in the eastern portion of the site. Moving westwards, the facies
and units change laterally, so that the surface corresponds to the boundary between the tc and
ls geoarcheological complexes. Stratigraphic correlation has enabled a reconstruction of the
topography of the paleosurface (Fig. 4-22) for a restricted area, because of the proximity
between the bulldozed surface and the wall of the rockshelter.
The child was laid down under the outer limit of the lower overhang, on a surface sloping west in the external part of the rockshelter and south under that overhang. The location
of the burial corresponds to a shallow E-W depression, a sort of trough created along the wall
by the flowing of surface water. The position of the skeleton in the burial (Chapter 11) shows
that the child was deposited inside this feature, in a smaller, closed depression with its lowest point situated under the pelvis. Given the topography of the upper surface of the gs complex, the burial pit must be considered anthropic, and probably a result of digging with
removal of limestone fragments (which may have been reused to seal the burial).
The site’s topographic surface formed at this point a weak break of slope between the
areas located to the east (approximate inclination of 2%) and to the west (approximate inclination 10%) respectively. The bottom of this steeper slope was centered in the depression running ESE from the K-L/12-15 squares. Westward, the ground rose abruptly due to the presence
of outcropping limestone boulders, and then gentler, reaching approximately the same elevation as the burial some 30 m away. Reconstruction of the surface to the east of the burial and
towards the valley bottom is currently impossible, given the lack of a sedimentary record. It is
quite likely, however, that the surface was interrupted some meters outwards by the escarpment created by the incision of the Ribeira de Caranguejeira.
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It has been suggested above that the WNW-ESE depression west of the burial might be
the result of erosion caused by a small karstic spring. Alternatively, it may have corresponded to a shallow lateral incision periodically flooded with water, as indicated by the presence
of slight hydromorphic features in the underlying tc complex. If this is confirmed, it
becomes possible to interpret the positioning of the burial as related to such specific landmarks.

Preliminary Observations on the Archeological Sequence
After the burial event, the site experienced soil-sediment inwash and human occupation some meters westward. After complete filling up to the roof of the lower overhang, the
burial area went through a sedimentary hiatus. The successive accumulation of sediments
against the back wall isolated the burial pit from the exterior until the bulldozing.
The main phase of Gravettian occupation in the central sector of the site began on top
of the soil surface of the ls complex. A structured occupation surface with a fire feature
(“hearth” SW02D) and an organized scatter of artifacts, fauna and charcoal fragments across
the entire exposed surface formed some 1000-2000 years after the burial. People who used
the site at this time were probably unaware of the burial, hidden under the lower overhang
and already covered by sediments.
The occupation layers and living floors dated to the 23-22 kyr BP time span indicate a
recurrent use of the site. Their preservation was made possible thanks to sedimentary
dynamics, related to laterally variable flow mechanisms and a good preservation of archeological features (Texier, 2000). Since the inner rockshelter was the extreme distal part of
debris-flow taluses, it was possible for processes of sediment accumulation under relatively
low-energy conditions to have sealed the paleosurfaces. The accumulation phases follow a
timing of 102-103 years, allowing the definition of stratigraphic sequences with a resolution
higher than that provided by radiocarbon dating, a fact that will be crucial for the future
study of the archeological assemblages and the spatial organization of the living-floors excavated therein. The same situation probably occurred during the Solutrean, but the increase
in environmental instability at the beginning of the LGM determined the erosion and
reworking of the record.

Conclusion
This chapter presents a first geoarcheological analysis of the Lagar Velho rockshelter
and is based solely on qualitative and descriptive field data observations. The current
framework is a starting point for future research, including micromorphological analyses,
which will hopefully bring answers to problems that are still unsolved and raise further
issues.
A first overall view to site context — the Lapedo Valley — has shown that the patterns
of diachronic modification of the landscape identified in this study are in good agreement
with the regionally established framework for late Pliocene and Quaternary times. Change
through time is controlled mainly by the incision of the hydrographic network and the alternation of phases of valley filling and erosion. The lithological and structural control originated morphologies that are not common in the regional context, favoring the development
of karstic forms with high potential for the preservation of a Quaternary record.
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The Lagar Velho rockshelter is a stratigraphic window into the archeological potential
of the Lapedo Valley. Bulldozing prior to discovery caused the partial destruction of the site
but, on the other hand, allowed the revelation of its complex fill. The site’s succession covers the time period between oxygen isotope stage 3 and the present. The record for oxygen
isotope stages 3 and 2 is sedimentary, whereas stage 1 is represented by pedogenesis at the
top of the succession. All evidence of human activity recorded so far dates to oxygen isotope
stage 2.
Preservation of the stratigraphic sequence and archeological remains contained therein is due to the location of the site and to natural dynamics allowing for a rapid burial of
anthropic features. The rhythmic alternation between depositional and non-depositional
phases formed a detailed record of local environmental change. Where its major events are
concerned, this record may be linked to the northern hemisphere climatic signatures of oxygen isotope stage 2, and the stratigraphic detail provides a chronological resolution better
than that allowed by the standard deviation of radiocarbon dates.
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| The Paleovegetational Context

❚ PAULA F. QUEIROZ ❚ JOSÉ E. MATEUS ❚ WIM VAN LEEUWAARDEN ❚

At Lapedo, the Caranguejeira stream flows through a very narrow, canyon-like valley,
with rather steep slopes. The present-day vegetation mosaic of the area is conditioned by the
ecophysiographical partitioning of the gorge. Apart from the major dichotomy between the
pine-dominated interfluves and the oak-dominated valley, preliminary geobotanical observations reveal three major plant formation domains inside the gorge.
In the valley bottom, on the small alluvial terraces bordering the river, a deciduous
riparian forest from the Alnetea glutinosae is present. The main trees are alder (Alnus glutinosa), narrow-leaved ash (Fraxinus angustifolia), willow (Salix atrocinerea), and alder buckthorn (Frangula alnus). Other frequent species are bramble (Rubus ulmifolius), wild rose
(Rosa canina), clematis (Clematis cf. vitalba) and yellow loosestrife (Lysimachia vulgaris).
On the calcareous slopes, marcescent and evergreen Mediterranean formations from
the Quercetalia Ilicis can be found. Portuguese oak (Quercus faginea) stands are present
mainly on the shadier north facing slopes, together with sclerophyllous scrubs. On the south
facing and more xeric slopes, the sclerophyllous vegetation also include (wild?) olive trees
(Olea europaea cf. O. europaea sylvestris). Common species are kermes oak (Quercus coccifera),
Phillyrea latifolia, lentisc (Pistacia lentiscus), Italian buckthorn (Rhamnus alaternus), ivy (Hedera helix), Daphe gnidium, and Smilax aspera.
In the interfluves, covering the higher platforms, on poor Tertiary sand/pebble substrates with podzols, an acidophyllous maquis-like formation prevails. This, presumably part
of the Ulicino-Cistion, is dominated by tree heath (Erica arborea). Maritime pine (Pinus
pinaster) plantations are also spread on these platforms, in association with heathlands.
Fossil information concerning past vegetation and flora in Portugal during oxygen isotopic stages 3 and 2 is very scarce and nearly absent. Detailed palynological studies carried
out in the Portuguese territory over the last two decades cover mainly the Holocene and
Lateglacial times (Janssen and Woldringh, 1981; Van der Brink and Janssen, 1985; Mateus,
1992; Van der Knaap and Van Leeuwen, 1995, 1997; Queiroz, 1999).
In these circumstances, it would be tempting to use the few long continuous southern
European pollen records from peat/lacustrine sequences, covering the last glacial period
(e.g., Pons and Reille, 1988; Pons et al., 1992; Watts et al., 1996; Follieri et al., 1998;
Magri, 1999) as a basis for paleovegetational reconstructions. However, because these
come from true Mediterranean bioclimatic regions, far from the oceanic climate driving
force, these records are of modest help in reconstructing the past vegetation of Portugal.
Palynological studies on marine cores (SO75-6KL; MD952042; SU8118; 8057B) located
near the southwestern coast of Portugal, some 100-200 km off the coastline in front of the
mouths of the Tagus and Sado river basins, provide additional information (Hooghiemstra
et al., 1992; Sánchez Goñi et al., 1999, 2000a, 2000b; Boessenkool, 2001). The first of these
cores covers roughly the last 22 000 years. Boessenkool (2001) identifies two main periods
of strong increase in the total pollen influx values, which she correlates with periods of
intensive runoff from rivers draining the Iberian Peninsula, contemporaneous with the
Younger Dryas and Henrich I events. These two periods coincide with high values of steppe
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taxa (Artemisia, Chenopodiaceae and Ephedra), which, according to Boessenkool, correspond
to the expansion of aridity-tolerant vegetation. The second of these cores provides a high-resolution (for marine standards) pollen record that suggests drastic climatic variability during
oceanic oxygen isotope stage 3, compatible to the Dansgaard/Oeschger oscillations (Sánchez
Goñi et al., 2000a). From around ca.55 000 until 30 000 years BP, Sánchez Goñi and collaborators identified a series of 19 pollen zones that they correlated with: a) episodes characterised by higher values of deciduous and evergreen Quercus and Ericaceae, which are interpreted as periods (interstades) of temperate and moist climate with mild winters; b) episodes
with low values of Quercus and high values of Ericaceae, which are interpreted as periods of
cold and humid climate (stadials); alternating with c) periods with high values of steppic
plants, presumably reflecting coldness and dryness (Sánchez Goñi et al., 2000a). Note however that only pollen percentages were used for this zonation scheme; no total influx data,
which could be very informative about local deposition change patterns, are presented.
Although apparently suggestive, the interpretation of these ocean palynological patterns, in terms of continental vegetation change, requires a more precise understanding of
the taphonomy of marine core pollen assemblages. Pollen spectra do not directly reflect terrestrial vegetation on adjacent mainland. Local vectors of sedimentation, and their change
in time, as for example changing fluvial discharge modes or wind directions and intensities, play a major role in differential pollen transport and deposition and, consequently, on
the composition of pollen assemblages and pollen influx (Boessenkool, 2001; Mateus,
2001). Moreover, the taxonomic level of pollen identification, with no discrimination
between Mediterranean and non-Mediterranean taxa (eg. Ericaceae, Cistaceae), does not
allow solid interpretations of phytoclimatic changes.
Paleovegetation data for the Portuguese territory, and in particular for the central littoral region, is scarce, as mentioned. At the Cortegaça beach (Esmoriz), close to the northern limit of the west-central sandy littoral fringe, fossil tree trunks are evidence for a scots
pine (Pinus sylvestris) formation, dated from ca.28 000 to ca.22 000 years BP (Granja,
1993). These are close ancestrors of the Lateglacial scots-pinewoods evident in the southwest coast (Queiroz, 1999). Palynological data from Vale da Janela (Ferrel, west of Óbidos),
dated from around 40 000 years BP, suggest a humid and temperate-cold climate for the
Portuguese Estremadura. Pinewoods, Ericaceae and the Atlantic-like deciduous oak formations, presumably with holly (Ilex), hazel (Corylus) and maple (Acer), may have played an
important role in the vegetation cover (Diniz, 1986, 1988, 1992). Given the absence of
Mediterranean components, these data suggest a southward shift of the Atlantic (bioclimatic) vegetation (see Mateus and Queiroz, 1993).
A few anthracological studies from settlement sites are available (Figueiral, 1993;
Figueiral in Zilhão et al., 1995a; Figueiral in Zilhão, 1997). The archeological levels studied date from the Gravettian, the Terminal Gravettian or Proto-Solutrean, the Solutrean and
the Magdalenian.
At Lapa do Anecrial, a Terminal Gravettian or Proto-Solutrean hearth provided charcoal remains that are unquestionably in situ. Scots pine (Pinus sylvestris), Leguminosae and
Ericaceae are the main types identified. Late Gravettian and Terminal Gravettian or ProtoSolutrean assemblages from Cabeço de Porto Marinho (Rio Maior), on the other hand,
reflect anthracological assemblages virtually dominated by maritime pine (P. pinaster), but
preliminary re-evaluation of the charcoal dictates a re-classification of the pine charcoal,
which seems after all to belong mainly to scots pine.
In this chapter, we present some results of an archeobotanical study of the Lagar
Velho site. These consist of a) a palynological study of a series of sediment samples collected
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in the deposits underlying the child’s burial; and b) an anthracological study of the charcoal
fragments collected in the Terminal Gravettian and Solutrean levels. Some insights on the
past Upper Paleolithic vegetation in the surroundings of the rockshelter can be derived from
these results.

Palynological analysis
The southern section of the excavation pit under the child’s burial (sector SE) was sampled for pollen analysis. Four layers were sampled with a single palynological sample each
(Fig. 5-1). From this set, sample 1 corresponds to a decalcified brown clay layer; the other
three samples belong to less clay-rich silty/sandy layers. 14C results (see Chapter 7) indicate
that these deposits date to the period between ca.27 000 and ca.25 000 years BP.

– Location of the palynological samples collected in the north profile of square L20, in the deposits underlying the burial. Sample 1 (at the top) corresponds to unit X5H3, sample 2 to X5H6/8, sample 3 to X5H10, and sample 4 to X5H11.
FIG. 5-1

Methods
Pollen concentrations were obtained using the heavy liqueur “hyper-concentration”
method, suitable for palynologically poor inorganic sediments. The chemical treatment
sequence, adapted from Girard and Renault-Miskovsky (1969), was as follows: 1) sieving with
a 500 µm mesh, with water; 2) HCl 25%, room temperature, until effervescence stopped;
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3) HF 40%, room temperature, during several days; 4) HCl 25%, 100oC, 5 min; 5) second HCl
100oC, 5 min; 6) KOH 10%, 100oC, 10 min; 7) flotation with “liqueur de Thoulet” (density
2) — 20 min mechanical agitation, centrifuging for 10 min with 2000 rotations (treatment
repeated three times); 8) filtering through a calcium carbonate filter; 9) HCl at room temperature, until complete dissolution of the filter; 10) dehydration with alcohol series —
ethanol 96%, ethanol absolute, tertiary butanol; 11) mounting with silicone oil.
Assessment of pollen concentration estimates was carried out through the exotic spore
marker method (Stockmarr, 1971). Prior to the treatment, Lycopodium spore tablets with a
known number of spores were added to each pre-weighted sample, providing a way to calculate the number of pollen per gram of sediment.

Results
Pollen results are expressed in the diagrams shown in Figs. 5-2 and 5-3. The first histogram in Fig. 5-2 represents the total pollen concentration (pollen/gram). All the other histograms in both diagrams show pollen percentages. These are based on a pollen sum including all the Quaternary pollen types — all identified pre-Quaternary types were excluded
from the pollen sum. Fig. 5-2 is a “summary diagram” including: 1) the total pollen concentration; 2) a cumulative diagram expressing the percentages of all the Quaternary types, organized in four groups — Pinus, all Compositae types, all other identified types, and indeterminate pollen; and 3) the sum of all pre-Quaternary types. In Fig. 5-3 the individual pollen
and spore types are represented.

FIG. 5-2 – Summary pollen diagram from deposits in the north profile of square L20. Concentrations are expressed in number
of pollen grains per gram of sediment. All the other curves and histograms represent pollen percentages, based on a pollen
sum composed of all Quaternary pollen and spore types.
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– Pollen diagram from deposits in the north profile of square L20. Each histogram represents the percentage of the respective pollen/spore type. Pre-Quaternary types are out of the pollen sum;
their percentages are calculated on the same pollen sum basis.

FIG. 5-3

The pollen preservation in all samples is rather poor. The upper clay sample is less
affected by oxidation, showing a higher concentration and diversity of types and a lesser
degree of pollen degradation. The deepest sample shows the worst preservation of the
pollen assemblage.
From such a poor preservation, one can expect that the data express rather biased
pollen spectra, with no relation to the coeval regional or local pollen-rain assemblages. This
is confirmed by the dominance of the highly resistant pollen types — such as pine and
Compositae — and the absence of more fragile pollen (see Mateus, 1991). The rather high
amount of indeterminate pollen points to the same conclusion, i.e., to the fact that the
pollen spectra do not reflect paleovegetation synchronic with the deposition of the sediments.
On the other hand, there is also a rather high amount of re-deposited pre-Quaternary
pollen types, with frequencies increasing with depth and reaching 150% in sample 4. This
pollen component probably originates in the Tertiary sediments that contributed to the
makeup of the sampled sequence. We conclude, therefore, that, at this site, pollen analysis
is not suitable for paleovegetational or paleoenvironmental reconstruction. For this reason,
no palynological analysis of the deposits exposed in the other profiles was carried out.

Anthracological analysis
Results from the identification of some wood charcoal fragments found in the child’s
burial are reported in Chapter 9. Here, we report on the anthracological analysis of charcoal remains recovered in the “hanging remnant,” which contains Terminal Gravettian and
Middle Solutrean lithic industries and has been radiocarbon dated to between ca.20 000 and
ca.23 000 years BP (see Chapter 7).
The samples come mainly from the two major levels of this remnant: layer 6 (level
TP06) is Terminal Gravettian; layer 9 (level TP09) is Middle Solutrean. Six samples come
from an isolated remnant at higher elevation, stratigraphically above layer 9, and also containing Middle Solutrean materials: level TP09l.
This “hanging remnant” is locally affected by a re-filled erosion channel, from which
a few samples were also analysed (levels TP07a, TP07 and TP08). The samples from layers 6 and 9 were divided in two groups, according to their position relative to this channel:
sample 6west; sample 6east; sample 9west; and sample 9east, in order to detect possible
local differences on charcoal (re)deposition, due to the inclination of the deposit.

Methods
The charcoal assemblages were subsampled for analysis. Species identification was
carried out on the bigger (>5 mm) fragments. Fragments were hand broken following the
diagnostic sections and observed with a reflected light optical microscope. Wood identification was supported by the wood and charcoal reference collection housed at the Centro
de Investigação em Paleoecologia Humana e Arqueociências (CIPA) and by relevant wood
anatomy catalogues (Schweingruber, 1990; Queiroz and Van der Burgh, 1989; Van der
Burgh, 1973). For Quercus xylotype determination, a regional wood catalogue concerning
the Portuguese species is currently being organized and was used in this study (Van
Leeuwaarden, n.d.).
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Brief descriptions of wood morphological types
Pinus sylvestris (Fig. 5-4) (Pinaceae)
Transverse section: Wood without vessels.
Tangential section: Rays uni- to biseriate, with up to 4 (or 6) cells high.
Radial section: Large uniseriate circular bordered pits on the longitudinal tracheid
walls. Helicoidal cracks frequent on tracheid walls. Rays heterogeneous, with square
cells in the center. Marginal ray-cell walls dentate. Radiovascular pits large, fenestriform, one, rarely two, per cross field.
Erica arborea (Ericaceae)
Transverse section: Diffuse porous. Pores solitary or in rare small groups, sometimes
radially oriented. Pores up to 80 µm wide.
Tangential section: Rays uniseriate and multiseriate up to 8 cells wide and 15 cells high.
Multiseriate rays very abundant.
Radial section: Rays heterogeneous, with procumbent inner cells and 1-3 marginal rows
of square and upright cells. Pit on fibres small, up to 2.5 µm. Radiovascular pits opposite, occasionally fused into scalariform pits. Perforation plates simple.
Erica cinerea (Fig. 5-5) (Ericaceae)
Transverse section: Diffuse porous. Pores not very frequent, solitary, up to 20 µm.
Tangential section: Rays wide and short, fusiform. Multiseriate rays up to 7 cells wide,
frequent.
Radial section: Rays heterogeneous, with procumbent and square cells in the centre
and 1-3 marginal rows of square and upright cells. Vessels and fibres densely pitted,
pits small, up to 2.5 µm. Perforation plates simple.
Erica umbellata (Ericaceae)
Transverse section: Diffuse porous. Pores solitary or in small radial groups, up to
20 µm.
Tangential section: Rays uniseriate and multiseriate with up to 3 cells wide and 10 cells
high.
Radial section: Rays slightly heterogeneous, with procumbent and square cells in the
centre and 1 (or 2) marginal row of square cells. Vessels and fibres densely pitted, pits
small, up to 2.5 µm. Perforation plates simple.
Ulmus (Fig. 5-5) (Ulmaceae)
Transverse section: Ring porous. Porous grouped in small tangential or slightly oblique
bands, alternating with thick-walled ground tissue bands.
Tangential section: Rays 1-3(or 4) seriate, long.
Radial section: Rays homogeneous, with procumbent cells. Sometimes rays slightly
heterogeneous with one marginal row of square cells. Perforation plates simple. Spiral thickenings conspicuous in vessels; sometimes absent in large vessels.
Betula cf. B. pubescens (Fig. 5-6) (Betulaceae)
Transverse section: Diffuse porous. Pores wide, up to 80 µm. Pores solitary or in
small (2-3) radial groups.
Tangential section: Rays uniseriate and multiseriate up to 4 cells wide.
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– Pinus sylvestris L. (scots pine):
1. Cross section (approx. x 200);
2. Radial section, note the presence of helicoidal cracks on the tracheid walls, due to carbonization (approx. x 200);
3.Radial section, note the circular bordered pits on the tracheid
walls (approx. x 200);
4. Radial section, large fenestrate radiovascular pits, one per crossfield (approx. x 400);
5. Radial section, circular bordered pits on the tracheid walls
(approx. x 400);
6. Tangential section, note the presence of helicoidal cracks
(approx. x 200).

FIG. 5-4

6
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– Erica cinerea L.:
1. Cross section, porosity (approx. x 100);
2. Radial section, heterogeneous ray (approx. x 200);
3. Radial section, intervascular pits small and numerous (approx. x
400).
Ulmus (elm):
4. Cross section, porosity. (approx. x 100);
5. Radial section, spiral thickenings and pitting on the vessel walls
(approx. x 200);
6. Radial section, long procumbent cells on homogeneous rays
(approx. x 200).

FIG. 5-5

6
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– Betula cf. B. pubescens Ehrh. (birch):
1. Cross section, porosity (approx. x 100);
2. Radial section, rays with short cells (approx. x 100);
3-4. Radial section, vessels and fibers (approx. x 100);
5. Tangential section, multiseriate ray. (approx. x 200);
6. Radial section, radiovascular pitting (approx. x 200);
7. Radial section, intervascular pitting (approx. x 200);
8. Radial section, fibers pitting (approx. x 200);
9. Radial section, scalariform perforation plates (approx. x 200).

FIG. 5-6

9
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Radial section: Rays homogeneous, with square and short procumbent cells. Vessels
and fibres densely pitted. Intervascular pits alternate. Radiovascular pits numerous and
small. Perforation plates scalariform, with up to 10 (or 19) bars.
Daphne cf. D. gnidium (Thymelaceae)
Transverse section: Semi-ring to diffuse porous. Pores infrequent, in dendritic radiallyorientated groups. Wide, thin-walled pores sometimes surrounded by thick-walled
ground tissue. Growth boundaries generally distinct.
Tangential section: Rays exclusively uniseriate, with up to 15 cells high. Ray cells elliptic, longitudinally elongated.
Radial section: Rays homogeneous to slightly heterogeneous, composed of square and
upright cells. Spiral thickenings present in the vessel walls. Pits very small. Perforation
plates simple.
The identification of wood from most Leguminosae is rather difficult, as they show
strong structural variability. Some species have been specifically described rather extensively
(Schweingruber, 1990), while others have been summarily grouped into different larger
xylotype entities based on: a) distribution of pores, b) width of rays, and 3) occurrence of spiral thickenings.
The Cytisus scoparius type is rather distinctive morphologically and probably represents
mostly Cytisus scoparius wood. The other Leguminosae types described here represent morphological xylotypes and probably reflect a rather enlarged group of Leguminosae species
(and genera) beyond the genera they were named after. Further investigation of Leguminosae wood anatomy is required for a more detailed taxonomic identification.
Cytisus scoparius type (Fig. 5-7) (Leguminosae)
Transverse section: Semi-ring to ring porous. Larger pores concentrated in the beginning of growth ring. Pores arranged in oblique dendritic groups, alternating with
bands of thick-walled ground tissue.
Tangential section: Most rays 3-5seriate, very long. Rays wider, up to 15 cells wide, also
present.
Radial section: Rays homogeneous with many rows of procumbent cells. Conspicuous
spiral thickenings present in the vessel walls. Perforation plates simple.
This xylotype includes mainly Cytisus scoparius but probably also Lygos and other Leguminosae.
Ulex type (Fig. 5-8) (Leguminosae)
Transverse section: Diffuse to semi-ring porous. Pores arranged in irregular more or
less triangular groups, with the triangle base in the beginning of growth ring. Ground
tissue forming an almost reticulate pattern.
Tangential section: Rays 1-3seriate, narrow and not very long, up to 18 cells high. Longitudinal groups of multiseriate rays occasionally present.
Radial section: Rays homogeneous or weakly heterogeneous. Fibres and vessels
densely pitted. Thin spiral thickenings present in the vessel walls. Perforation plates
simple.
This xylotype includes Ulex, Stauracanthus, Genista, Cytisus and other Leguminosae
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6
– Cytisus scoparius type (broom):
1. Cross section, porosity (approx. x 40);
2. Radial section, homogeneous ray with long procumbent cells (approx. x 100);
3. Cross section, porosity (approx. x 100);
4. Cross section, wide multiseriate ray. (approx. x 100);
5. Tangential section, multiseriate rays (approx. x 100);
6. Radial section, spiral thickenings on the vessel walls (approx. x 200).

FIG. 5-7
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–Ulex type:
1. Cross section, porosity (approx. x 200);
2. Tangential section (approx. x 100);
3. Tangential section, multiseriate rays narrow and short (approx. x 200);
4. Tangential section, fine spiral thickenings on the vessel walls (approx. x 400).

FIG. 5-8
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Cytisus type (Leguminosae)
Transverse section: Semi-ring to ring porous; pores arranged in irregular groups with
a closed growth ring at the base.
Tangential section: Rays 1-3 seriate, narrow and up to 18 cells high. Longitudinal
groups of multiseriate rays present.
Radial section: Rays heterogeneous or sometimes homogeneous. Fibres and vessels
densely pitted. Spiral thickening present in the vessel walls. Perforation plates simple.
This xylotype includes Cytisus, Genista, Spartium, Adenocarpus and other Leguminosae
Ononis type (Leguminosae)
Transverse section: Diffuse porous. Pores in small, circular, isolated groups.
Tangential section: Rays narrow and very long, with 50 cells or more high and 3 (5) cells
wide.
Radial section: Rays weakly heterogeneous. Spiral thickenings present in the vessel
walls. Perforation plates simple.
This xylotype includes Ononis, Genista and other Leguminosae
Medicago/Teline type (Leguminosae)
Transverse section: Diffuse porous, tending slightly to semi-ring porous. Pores in
small groups radially elongated, without forming dendritic or triangular bands, as in
other Leguminosae types.
Tangential section: Rays narrow and long, with up to 3 cells wide and more than 20
cells high.
Radial section: Rays (weakly) heterogeneous. Fine to indistinct spiral thickening present in the vessel walls. Perforation plates simple.
This xylotype includes Teline, Medicago, Adenocarpus, Anthyllis, Psoralea and other
Leguminosae
Species and genera differentiation of wood among the Maloideae subfamily of the
Rosaceae is also difficult, as most genera share the same anatomical structure. Two xylotypes
are considered in this work. The distinction is based mainly on the different size of rays.
Rosaceae Maloideae cf. Crataegus
Transverse section: Semi-ring porous. Pores solitary, small (up to 30 µm), numerous,
with a regular distribution, more abundant in the beginning of growth ring. Growth
rings very distinct.
Tangential section: Rays 1-5seriate, wide, more or less fusiform, with up to 15 cells high.
Radial section: Rays homogeneous or slightly heterogeneous with 1 marginal row of
square cells. Fine spiral thickenings present on the tips of vessels. Perforation plates
simple.
Rosaceae Maloideae cf. Sorbus
Transverse section: Semi-ring to diffuse porous. Pores solitary, small, numerous, with
a distribution more or less regular. Growth rings distinct.
Tangential section: Rays 1-3 seriate, narrow and long, with up to 20 cells high.
Radial section: Rays homogeneous or slightly heterogeneous with 1 marginal row of
square cells. Fine spiral thickenings present on the tips of vessels. Perforation plates
simple.
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Hedera helix (Araliaceae)
Transverse section: Semi-ring porous. Pores in tangential orientated groups. Ground
tissue cells in tangential patches alternating with the pore clusters.
Tangential section: Rays multiseriate and long, with 4-8 cells wide.
Radial section: Rays homogeneous to heterogeneous, with up to 3 marginal rows of
square and upright cells. Radiovascular pits large. Perforation plates simple.
Quercus robur type (Fagaceae)
Transverse section: Growth ring very well defined. Ring porous. Distribution of pores in concentric layers with larger pores (100 µm) at the start of the growth ring. Pore diameter diminishing more or less abruptly towards the end of growth ring. Large rays infrequent.
Tangential section: Two types of rays: rays uniseriate very frequent, with up to 15 cells
high, circular in tangential view; multiseriate rays very large, composed of many cells
wide and high.
Radial section: Rays homogeneous, with only procumbent cells, sometimes square cells
are present in uniseriate rays. Large vessels densely pitted and frequently with tyloses.
Intervascular and radiovascular pits large. Simple perforation plates.

Table 5-1
Anthracological analysis of the Hanging Remnant.
Upper deposit
TP09l (Middle
Solutean)

Layer 9 East
TP09 (Middle
Solutean)

Layer 9 West
TP09 (Middle
Solutean)

Layer 6 East
Layer 6 West
TP06 (Terminal TP06 (Terminal
Gravettian)
Gravettian)

Mixed layers
TP07a/07/08
(re-filled
channel)

Total

Betula cf. B. pubescens

–

–

2

–

–

–

2

Cytisus type

1

2

5

4

7

1

20

Cytisus scoparius

13

4

51

39

80

14

201

Ulex type

5

3

50

12

16

–

86

Medicago/Teline type

–

–

–

1

4

–

5

Ononis type

–

–

–

1

2

–

3

Daphne cf. D. gnidium

–

–

3

–

–

–

3

Erica arborea

3

3

92

15

50

15

178

Erica cinerea

–

–

11

–

–

–

11

Erica umbellata

–

–

–

2

4

2

8

Erica sp.

1

–

13

3

5

–

22

Hedera helix

–

–

–

–

4

–

4

Pinus sylvestris

17

4

65

24

23

8

141

Quercus sp.

2

–

–

2

3

1

8

Quercus robur type

–

–

1

–

–

–

1

Rosaceae Mal. cf. Crataegus

2

–

1

2

6

2

13

Rosaceae Mal. cf. Sorbus

–

–

1

–

2

–

3

Rosaceae Maloideae

–

–

–

1

–

1

2

Ulmus

–

–

14

–

5

2

21

Indeterminate

3

–

12

–

–

–

15

47

16

321

106

211

46

747

Total

The numbers refer to the number of charcoal fragments identified.
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Results
A total of 747 charcoal fragments were analysed. Identification results are presented in
Table 5-1 and in Figs. 5-9 to 5-12.
In order to identify any patterns of variance between samples related to differences in
floristic composition that could be interpreted behaviorally, stratigraphically or environmentally, and with the aim of sorting out any distributional patterns of samples and morphological xylotypes, two methods of numerical analysis were used, Principal Component
Analysis (PCA) and Detrended Correspondence Analysis (DCA). Both analyses were performed with CANOCO v.3.12 software, by Cajo ter Braak (1987-1992). The spatial distribution of samples and xylotypes obtained by both methods is presented in Figs. 5-13 and 5-14.
These graphics plot the distribution following the two first axes of analysis, with higher
eigenvalues, expressing major variance between samples and xylotypes.
Daphne cf. D. gnidium
0,4%
Hedera helix
0,5%
Medicago/Teline type
0,7%
Quercus sp.
Erica umbellata
1,1%
1,1%
Erica cinerea
1,5%
Rosaceae
Mal. cf. Crataegus
1,7%
indet.
2,0%
Cytisus type
2,7%
Ulmus
2,8%

Ononis type
0,4%

Rosaceae
Mal. cf. Sorbus
0,4%

Betula cf. B. pubescens
0,3%
Rosaceae Maloideae
0,3%
Quercus robur type
0,1%
Cytisus scoparius
26,9%

Erica sp.
2,9%

Ulex type
11,5%

Erica arborea
23,8%

Pinus sylvestris
18,9%
FIG. 5-9

– Anthracological results, total.

LAYER 6 WEST (STRAT. UNIT TP06)

FIG. 5-10

– Anthracological results, level TP06.
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LAYER 6 EAST (STRAT. UNIT TP06)

LAYER 9 WEST (STRAT. UNIT TP09)

FIG. 5-11

– Anthracological results, level TP09.

UPPER DEPOSIT (STRAT. UNIT TP091)

FIG. 5-12

LAYER 9 EAST (STRAT. UNIT TP09)

MIXED LAYERS (STRAT. UNIT. TP07A/TP07/TP08)

– Anthracological results, level TP091 and mixed layers (levels TP07a, TP07 and TP08).

Discussion
The composition of all samples is identical (Figs. 5-9 to 5-12). No significant differences
were detected between samples and layers. From the numerical ordination and the principal component analyses no clear pattern or particular grouping of samples could be sorted
out that could be related to any significant vegetational or environmental gradient. Also, the
eigenvalues obtained in the ordination for all axes were very low (sum of all unconstrained
eigenvalues = 0.36), suggesting sample homogeneity.
The charcoal assemblages are not very diverse. Four types dominate all the anthracological spectra: Cytisus scoparius (broom), Erica arborea (tree heath), Pinus sylvestris (scots
pine) and Ulex type, in all cases corresponding to at least 80% of the total assemblage. Other
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– Principal Component Analysis. The dispersion of samples and xylotypes follows the first two axes (eigenvalues: axis
1 = 0.517; axis 2 = 0.299).
FIG. 5-13

200

0
0

– Detrended Correspondence Analysis. The dispersion of samples and xylotypes follows the first two axes
(eigenvalues: axis 1 = 0.125; axis 2 = 0.054).
FIG. 5-14
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xylotypes present are other Leguminosae and other Ericaceae, Ulmus (elm), Hedera helix
(ivy), Quercus (the only species identified was Q. robur, oak) and some Rosaceae.
The charcoal comes from levels very rich in remains of human occupation. Its presence
in the deposits is anthropogenic (selective collection of wood) and not natural. Therefore,
the correlation of the charcoal assemblages with the vegetation around the settlement site
is not direct. Quantitative data on species or xylotypes is poorly informative about the relative abundance of the different taxa and overall plant diversity.
Wood selectiveness by rockshelter occupants is unknown. Consequently, any interpretation of the anthracological data is restricted to presence/“positive occurrence”
(absence/“negative occurrence” being impossible to prove). Paleovegetational inferences
derived from these data must be treated with extreme caution, and they will provide us only
with a rough overview of the local vegetation during the time range in question.
Therefore, in the absence of consistent palynological results, and given the lack of specific taphonomical information concerning the functional and depositional context of the
charcoal assemblages, the following interpretation of the anthracological data is preliminary.
Assuming the unproved representativeness of the charcoal assemblages, and taking in
consideration modern analogues, we could try a crude guess on what natural vegetation
looked like in the Lapedo gorge between ca.20 000 and ca.23 000 years ago.
Two main plant groups could be sorted out from the charcoal spectra, which could be
related to two major vegetation domains, paralleling modern vegetation dichotomy. A strongly
represented group with pine, ericaceous and leguminoseous types together with whitebeam
could be related roughly to the Pinetea (sensu lato) plant formations. On the other hand, oak,
elm, ivy, hawthorn and Daphne could be representatives of the Quercetea (sensu lato) vegetation
domain. Like the present-day counterpart analogues, the former would be related to the macroclimatically exposed interfluves, the latter to the protected habitats of the refugial valley.
Pinewoods (scots pine) are better represented, together with tree heath, broom and
other leguminosae shrubs, corresponding either to the shrub layer of pinewoods or to individualised heathlands in more open places. Note that the few fragments of charcoal identified in the Lagar Velho 1 burial (a few thousands years earlier) were also from scots pine
(see Chapter 9).
This same cold-character vegetation was also present in the region of Lisbon until the
Lateglacial (Queiroz, 1999). Also, as mentioned before, in the northern sandy coast at
Cortegaça, scots pine stumps, reflecting probably the same vegetation type, have been
dated to between ca.28 000 and ca.23 000 years BP. On the granitic Serra da Estrela (central eastern Portugal), however, Pinus sylvestris was present during the Lateglacial but apparently covered a small area, being less important in the Serra’s vegetation (Van der Knaap
and Van Leeuwen, 1997).
Birch and whitebeam stands are also reflected in the charcoal assemblages. These could
either be part of a mixed boreal-character woodland or represent plant formations living on
more protected habitats.
Taking again in mind the model of modern ecophysiographic zonation, the more temperate types of vegetation related to the Quercetea formations were probably occupying the
more protected habitats inside the valley.
This dichotomy of Pinus-Quercus vegetation domains is one of the most striking patterns in the Portuguese littoral (sensu lato) vegetation mosaic, prevailing through time until
the present (see Mateus and Queiroz, 2000).
No evidence of clear Mediterranean types of vegetation is recorded. This could be in
agreement with the previously suggested southward move of the Atlantic (Eurosiberian) bio-
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climatic vegetation zone (see also Mateus and Queiroz, 1993, 2000). Note, however, the considerations made above about “negative” occurrences on charcoal assemblages.
The type of pinewoods recorded in the charcoal assemblages from the hanging remnant has no modern analogue in Portugal. In the Cordillera Central and other Iberian
mountain ranges, supra(oro)mediterranean scots pine forests (Juniperion nanae – Cytisetum
oromediteranei from the Pino sylvestris – Cytision oromediterranei) are widespread nowadays,
always on silicicolous soils (Rivas-Martínez et al., 1987; Navarro Andrés and Valle Gutiérrez, 1987; Peinado-Lorca and Martínez-Parras, 1987; CORINE, 1991). Calcicolous
oromediterranean pinewoods (Junipero sabinae-Pinetum sylvestris) are also present in the
Iberian Range but are more rare (Martínez-Parras and Peinado Lorca, 1987; Costa, 1987;
Peinado-Lorca and Martínez-Parras, 1987; Vigo and Ninot, 1987). These open pinewoods
have a dense shrub layer with Juniperus sabina (or less frequently J. communis nana), which
was not detected in the Lagar Velho charcoal assemblages.
As no suggestion of Mediterranean types of vegetation is recorded, a closer relative to
the ancient Pleniglacial pinewoods could be the present day calcicolous montane (Eurosiberian) type of scots pine forests from the Polygalo-Pinetum sylvestris. This is found today in
the southern flanks of the Pyrenees, at altitudes between 1100 to 1800 m above sea level,
with mean annual temperatures ranging from 7 to 10 oC and annual precipitation varying
between 800 and 1500 mm. At these moderately dry, sunny sites, the winters are cold and
snowy, and no or a very reduced summer drought is present (Vigo and Ninot, 1987;
CORINE, 1991). Whitebeam (Sorbus aria) is a characteristic species of the Polygalo-Pinetum
sylvestris plant community. It could be represented in the Lagar Velho record by the fragments of the Rosaceae Maloideae cf. Sorbus xylotype.
These pinewoods are generally open woodlands with a ground layer rich in ericaceous
species. In the ancient pine forests of western littoral Portugal, the shrub layer should also
have had, besides the ericaceous plants (Erica arborea and Erica cinerea), a diversified layer
with several leguminoseous species.
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chapter 6

| The Paleofaunal Context

❚ MARTA MORENO-GARCÍA ❚ CARLOS M. PIMENTA ❚

This chapter presents the study of the faunal remains recovered during the 1998,
1999 and 2000 excavation seasons at the Abrigo do Lagar Velho. They derive from three
different archeological units in sector SE (square K20), sector SC (square J13) and sector TP
(a hanging remnant located towards the western side of the rockshelter back wall).
Collected faunal samples are too small to characterise the paleoenvironment of the
Lapedo Valley or to assess the relationships of the represented species to humans. However,
the faunal diversity shown in each of these contexts indicates that this valley, in which the
Lagar Velho rockshelter is located, was part of the habitat range of a number of animals during the Upper Paleolithic. Our analysis reveals the potential of future studies of faunal
remains from this site. Analysis of larger samples will provide crucial data to understand
local environmental conditions and faunal resources that were available to be exploited by
people.

Methods
The osteological reference collection of CIPA (Centro de Investigação em Paleoecologia Humana e Arqueociências) was used to aid identifications. All bones and teeth were
examined and included in the counts. In the case of the large and medium-sized mammals,
those bones that were not identified to species (i.e., ribs, vertebrae, diaphyses and teeth fragments) were recorded under general categories according to their morphological characteristics. Anatomically unrecognisable fragments were recorded as “undetermined.” The
unidentified small vertebrate category includes amphibians, reptiles and small mammal
remains that could not be assigned to a particular species. Relative proportions of the
unidentified fraction can be compared to those of the identified species from which they presumably derive and thus, help us in understanding taphonomical problems such as differential recovery, breakage or fragmentation of the samples.
The state of fusion of the epiphyses of the long bones and tooth wear stages were used
as indicators of age. Measurements taken follow von den Driesch (1976).
Cuts, gnawing marks, evidence of digestion or burning were equally recorded in the
attempt to recognise the agents responsible for the accumulation of these faunal assemblages.

Faunal assemblages from sector SE, square K20
Three geoarcheological complexes (gs, tc and bs) were distinguished in square K20 (see
Chapter 4). Unfortunately, most of the faunal remains from GC gs were recovered in the
northern half of the square, where sediments were disturbed (see Fig. 4-20). Hence, they
had to be excluded from the analysis and are not counted in Table 6-1. Our study deals with
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the remains from the two underlying sedimentary complexes, tc and bs. A specimen collected in this square (K20), in the surface separating the bs complex from the overlying tc
complex, was dated to 27 100 ± 900 BP (OxA-10849).

Table 6-1
Lagar Velho. Numbers of teeth and bones from GC tc and bs in sector SE, square
K20. Percentages are calculated only for the identified large-and medium-sized
mammals.
GC tc

GC bs

Nisp (MNI)

%

Nisp (MNI)

%

25 (3)
1 (1)
–
1 (1)

7.1
0.3
–
0.3

11 (2)
–
1 (1)
8 (1)

8.1
–
0.7
5.8

324 (10)

92.0

116 (6)

84.7

Carnivora

1 (1)

0.3

1 (1)

0.7

Anura
Sciurus vulgaris
Arvicola sapidus
Microtus (Pitymys)lusit./duod.
Microtus sp.

–
1 (1)
5 (2)
1 (1)
2 (1)

1 (1)
–
2 (1)
2 (2)
–

361 (21)

142 (15)

Large-sized mammal
Medium-sized mammal
Small vertebrates
Undetermined

30
24
1
36

22
30
4
31

Total unidentified

91

87

Birds

3

4

455

233

Cervus elaphus
Capreolus capreolus
Bos primigenius
Equus sp.
Oryctolagus cuniculus

Total identified

Total number

Faunal remains from GC tc
The assemblage consists of 455 bone and teeth fragments, of which over 79% were identified to species (Table 6-1). Rabbit is the dominant one not only by NISP (N = 324) but also
if MNIs are considered (N = 10). Red deer make the second largest contribution (7.1%), while
roe deer, horse and carnivores are represented just by one specimen each. The sample is completed by four rodent species, among which water vole (Arvicola sapidus) stands out.
All red deer remains are lower limbs (metapodials) and feet, with third phalanges being
the most frequent (N = 16). Four of them presented abraded and porous articular surfaces. This
preservation state is described for the same bones in the GC gs of square L20, under the Lagar
Velho 1 burial (Chapter 8). It is probably related to erosion caused by running water (Lyman,
1994; Fisher, 1995). 20% of the red deer bones show carnivore tooth marks and signs of having been partially digested (Fig. 6-1). In short, at least part of the red deer sample in the GC tc
appears to have been affected by the same taphonomical processes that occurred in the GC gs
of square L20 and could have been partly derived from scavengers’ accumulations (Brain, 1981;
Haynes, 1983). Measurements of red deer phalanges are shown in Table 6-2.
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The other cervid specimen is a roe deer
third phalanx (K20.28, spit 9). The only
equid fragment recovered is an unworn
incisor (K20.34/35, spit 11) that belongs to a
sub-adult individual.
Rabbit is represented by whole skeletons, but none of them was articulated. As
shown in Table 6-3, upper (more proximal)
limb bones are the most abundant, and
among them pelves (N = 17), femora (N = 17)
and tibiae (N = 18) are the most frequent
skeletal elements. The lower frequency of the
fore limb lower (more distal) bones, that is to
say metacarpals and carpals, can be explained
by the recovery procedure followed. Sediments were water sieved in the field through
a 2.5 mm mesh. The same bias against recovery of the smallest skeletal elements has obviously affected small vertebrates (Payne, 1975).
Rabbit bones are well preserved. One
proximal unfused left tibial epiphysis and a
complete left calcaneus (K20.34/35, spit 11)
seem to have been semi-digested (Hockett,
1999).

– Semi-digested red deer distal metapodial from sector SE, square K20, GC tc.
FIG. 6-1

Table 6-2
Lagar Velho. Metrical data for Cervus elaphus third phalanges. Measurements are in
mm and follow von den Driesch (1976). DLS: greatest diagonal length of the sole;
MBS: middle breadth of the sole; LD: length of the dorsal surface.
Square
meter unit

GC

Excavation
spit

Sample
number

K20
K20

DLS

MBS

LD

tc

8 SW

24

tc

9 SW

27

53.86

–

48.06

46.00

13.74

K20

tc

10

29

41.13

50.00

–

46.50

K20

tc

10 NE

K20

tc

10 NE

31

44.21

14.10

–

32

46.00

13.48

40.22

K20

tc

10 NW

33

37.20

9.55

–

K20

tc

11 SW

40

51.98

13.69

45.88

K20

bs

13 NW

49

49.73

15.48

48.6

J13

ms

9 SO

35

46.09

11.0

42.26

J13

ms

9 SE

38

48.28

13.30

46.28

TP

us

6

–

42.45

11.63

40.70

TP

us

6

–

39.54

9.60

34.07

TP

us

6

–

51.00

12.28

47.44

TP

us

6

–

51.03

15.45

45.84

TP

us

9

–

55.03

10.72

–
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Table 6-3
Lagar Velho. Distribution of skeletal elements of Oryctolagus cuniculus in GC tc and
bs in sector SE, square K20. Isolated teeth were excluded from the cranial skeleton.
F = fore limb bones. H = hind limb bones.
GC tc

Cranial
Axial
Upper limbs
Lower limbs

GC bs

Nisp

%

Nisp

%

27
61
F: 70.5
H: 80.5
F: 24.5
H: 49.5

8.6
19.5
22.5
25.7
7.8
15.8

9
23
F: 23
H: 39
F: 3.5
H: 13.5

8.1
20.7
20.7
35.1
3.1
12.1

The occurrence of sub-adult (N = 7) and neonate (N = 3) individuals, the presence of
bones from the whole skeleton, and the low incidence of gnawing marks suggest that rabbits were a natural component of the GC gs sediments.
Within the unidentified fraction, 10% of the remains were partially digested and nearly
half of those recorded as large-sized mammals were recently broken.
From the three bird remains there is just one diaphysis of a tarsometarsus (K20.34/35,
spit 11) that could be assigned to the Accipitridae family. It might be from a common buzzard (Buteo buteo).

Faunal remains from GC bs
A total of 233 faunal remains were recovered from this geoarcheological complex, 61% of
which were identified to species (Table 6-1). Although rabbits dominate, red deer and horse are
relatively more abundant than in the overlying GC tc. Also, the presence of aurochs is attested
for the first time. Carnivores are represented by a single molar fragment. An amphibian bone,
together with four rodent fragments, completes the identified fraction.
The red deer sample is comprised of five
third phalanges, a heavily gnawed metapodial
diaphysis (K20.74, spit 16), two proximal
metacarpals (K20.69, spit 15, quadrant SE and
K20.50, spit 13, quadrant NW; the former
heavily gnawed), one right proximal radius
(K20.66, spit 14, quadrant SW), one scapular
fragment (K20.47, spit 13, quadrant NE) and a
rib fragment (K20.65, spit 14, quadrant SW).
The only measurable bones among these
were one of the third phalanges (Table 6-2)
and the proximal radius (BP: 62.98 mm, BFp:
58.31 mm). The latter falls within Iberian
Upper Paleolithic known ranges of variation
(Mariezkurrena and Altuna, 1983).
The aurochs bone is a gnawed centroFIG. 6-2 – Horse left pelvis from sector SE, square K20, GC bs.
tarsal fragment.
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Horse remains include two canines, three incisors and an anterior mandible fragment
that belong to the same individual (K20.64, spit 14, quadrant SE), a very well preserved left
pelvis (K20.72, spit 15; Fig. 6-2) which could be measured (LA: 65.54 mm, LAR: 57.67
mm) and an upper molar (K20. spit 16). No marks were visible on any of them.
Rabbit is represented once more by disarticulated skeletons that are a natural component of the sediments. As mentioned previously, the lack of adequate sieving introduced a
clear bias against their smallest skeletal elements, i.e. metacarpals (Table 6-3). The MNI of
6 (4 sub-adults and 2 neonates) derives from the most frequent bones: tibiae (N = 14) and
pelves (N = 9).
14.5% of the unidentified fraction was partially digested or showed carnivore tooth
marks. The only digested small vertebrate fragment was a Pitymys mandible.
Among the four bird remains there was one kestrel (Falco tinnunculus) proximal tarsometatarsus.

Discussion
The size of the faunal samples in sediments of the tc and bs complexes from sector SE
is obviously too small to characterise the local environment of the rockshelter ca.27 kyr BP.
There is no evidence of anthropic manipulation and in general, the remains are well preserved. In both geoarcheological complexes scavengers are partly responsible for the animal bone accumulation. The only evident variation between these two complexes relates to
the relatively more abundant presence or total absence of particular species. Thus, the
greater frequency of horse and the occurrence of aurochs in the GC bs might be a reflection
of a more open landscape than that which could have prevailed in the GC tc as suggested
by the decline in, or total disappearance of, these species and the presence of others, such
as roe deer and squirrels, which are indicators of more forested environments. These are
just working hypotheses that must be treated with caution and need to be confirmed with
larger samples.

Faunal assemblages from sector SC, square J13
Four geoarcheological complexes — GCs ms, ls, tc and al, from top to bottom in stratigraphic order — were defined in this square (see Chapter 4). The faunal composition of each
is given in Table 6-4.

Faunal remains from GC ms
The accumulation of this complex probably lasted from ca.23 to ca.21.5 kyr BP (Chapter 4; Table 4-2). The faunal assemblage includes 394 bones and teeth, of which 37% were
identified to species. Rabbits, red deer, roe deer, horses and carnivores are the large- and
medium-sized mammal species represented (Table 6-4). An amphibian and two rodents
constitute the small vertebrate sample. Preservation is good and no gnawing marks were
observed in any of these remains.
Red deer are represented by three third phalanges, two diaphyses of a radius, and a
metatarsal. While two of the distal phalanges were measurable (Table 6-2), the third one was
completely burnt black (J13.33, spit 9, quadrant SO).
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Table 6-4
Lagar Velho. Numbers of teeth and bones from GC ms, ls, tc and al in sector SC,
square J13. Percentages are calculated only for the identified large- and mediumsized mammals.
GC ms

GC ls

GC tc

GC al

Nisp (MNI)

%

Nisp (MNI)

%

Nisp (MNI)

%

Nisp (MNI)

%

5 (1)
2 (1)
–
–
2 (1)

3.6
1.4
–
–
1.4

–
1 (1)
–
–
–

–
2.4
–
–

9 (2)
–
1 (1)
1 (1)
3 (1)

1.2
–
0.1
0.1
0.4

–
–
–
–
–

–
–
–
–
–

130 (4)

92.8

40 (2)

97.6

724 (10)

98.1

2 (1)

100.0

Carnivora

1 (1)

0.7

–

–

–

–

–

–

Anura
Talpa sp.
Arvicola sapidus
Microtus (Pitymys)lusit./duod.
Gliridae

3 (1)
–
2 (1)
1 (1)
–

5 (2)
–
1 (1)
–
–

5 (1)
3 (2)
28 (4)
–
2 (1)

–
–
–
–
–

146 (11)

47 (6)

776 (23)

2 (1)

Large-sized mammal
Medium-sized mammal
Small vertebrates
Undetermined

82
14
12
129

72
1
10
36

48
5
20
167

1
2
2
1

Total unidentified

237

119

240

6

11
–

10
–

18
1

–
–

394

176

1035

8

Cervus elaphus
Capreolus capreolus
Capra pyrenaica
Sus scrofa
Equus sp.
Oryctolagus cuniculus

Total identified

Birds
Fish
Total number

A proximally fused right tibia and
a third phalanx are the only remains of
roe deer.
Horse is represented by two phalanges: one completely burnt black
(J13.50, spit 12, quadrant SW) that was
dated to 23 130 ±130 BP (OxA-9571a)
and a third phalanx from a small-sized
animal (J13.36, spit 9, quadrant SO;
Fig. 6-3). Equus hydruntinus limb
bones tend to be more slender than
those of Equus caballus and their third
phalanges are pointed (Uerpmann,
1976; Eisenmann, 1979). Unfortunately, the edge of this one is broken,
but its small size may suggest that

– Equine third phalanx. Note its small size.
Sector SC, square J13, GC ms.
FIG. 6-3
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more than one equid species was present in the Upper Paleolithic fauna of the Lapedo Valley.
All bones from rabbit skeletons are present in the sediment (Table 6-5), but there is a
clear bias towards the largest and more robust skeletal elements of the hind limbs, in particular tibiae (N = 10) and metatarsals (N = 13). More than 20% of the long bones have been
recently broken. One of the four identified individuals is a neonate.
A broken tooth fragment of a small carnivore could not be identified to species.
Eleven bird remains were recovered from the lower sediments. A chough (Pyrrhocorax sp.) ulna (J13.29, spit 9, quadrant SO), a partridge (Alectoris sp.) coracoid (J13.30,
spit 9, quadrant SE) and the proximal tibiotarsus of a passeriform (J13.29, spit 9, quadrant SO) were the only identifiable remains. Choughs breed in mountains with steep
precipices and ravines, and partridges can also be found in mountain areas above the treeline.
Within the unidentified fraction there is a high percentage of burnt fragments, which
represent more than 20% of the total but over 57% of the large-sized mammal fragments
and 20% of the tiny undetermined fragments. They were recovered mainly from the lower
sediments of this complex (spits 9, 10, 11 and 12) and are probably related to human occupation of the site.

Table 6-5
Lagar Velho. Distribution of skeletal elements of Oryctolagus cuniculus in GC ms, ls,
and tc in sector SC, square J13. Isolated teeth were excluded from the cranial
skeleton. F = fore limb bones. H = hind limb bones.
GC ms

Cranial
Axial
Upper limbs
Lower limbs

GC ls

GC tc

Nisp

%

Nisp

%

Nisp

%

7
13
F: 25.5
H: 41.5
F: 10.5
H: 26.5

5.6
10.5
20.5
33.5
8.5
21.4

2
13
F: 3
H: 6
F: 5
H: 10

5.1
33.3
7.7
15.4
12.8
25.6

68
131
F: 134
H: 130
F: 92
H: 132

9.9
19.0
19.5
18.9
13.4
19.2

Faunal remains from GC ls
The sample size is very poor with only 176 bones and teeth fragments recovered, of
which 27% were identifiable (Table 6-4). The largest contribution after rabbit is that of the
amphibians (N = 5). Roe deer and water vole are represented by one bone each.
The roe deer distal metacarpal (J13.55, spit14, quadrant SO) was measurable (Bd:
26.07 mm).
Within the ten bird fragments, the same species described for the GC ms occur; a
partridge and a passeriform proximal ulna (J13.52, spit 13) and a chough scapula (J13.54,
spit 14).
The large-sized mammal fragments comprise over 60% of the unidentified fraction.
More than 90% of them are completely charred, as was the case in the lower sediments
of the GC ms immediately above it. It is very likely that they are also related to human occupation.

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

118

Faunal remains from GC tc
This is the largest faunal assemblage in sector SC, square J13, with 75% of the remains
identified to species. Rabbit maintains its dominance, followed by red deer and two new
species, ibex and wild boar. Equally, among the small vertebrates there are two new taxa:
Talpa sp. and Gliridae (Table 6-4). A diaphysiseal fragment of a horse metapodial (J13.92,
spit 24) was dated to 24 950 ± 230 BP (OxA-10674).
Five of the nine red deer remains are third phalanges, two of which come from a young
individual. The rest of the sample includes a right distal humerus (J13.87, spit 21) that was
measurable (Bd: 64.47 mm) and falls within known ranges of Iberian Upper Paleolithic red
deer (Mariezkurrena and Altuna, 1983), a complete lumbar vertebra (J13.89, spit 22), a tibial diaphysis (J13.71, spit 16) and a metatarsal diaphysis (J13.81, spit 18). All fragments were
very well preserved with the exception of one of the third phalanges (J13.85, spit 21), which
was chewed.
Morphological traits allowed sex to be estimated as female for the wild goat represented
by a third phalanx (J13.70, spit 16, quadrant SE) (Fig. 6-4; Bosold, 1966).
Wild boar is represented by a lateral first phalanx (J13.62, spit 15, quadrant SO).
A proximal metacarpal diaphysis still articulated with one of its lateral metapodials
(J13.92, spit 24) and another large-sized lateral metapodial (J13.86, spit 21) comprise the
horse sample.
The contribution by rabbits is the largest of all, and bones of the whole skeleton were
recovered (Table 6-5). From the minimum number of 10 individuals that was estimated,
there are six juvenile and only four mature animals. They are very well preserved, and there
is only one calcaneum (J13.67, spit 16, quadrant SE) that appears to have been partially
digested (Hockett, 1999).
Three other remains of a large-sized mammal were heavily chewed and showed carnivore
tooth marks (J13.75, spit 17, quadrant SE; J13.79, spit 18 and J13.83, spit 19). However, bones
affected by carnivore action represent less than 1% of the total assemblage. The same is true
for the bones of small vertebrates, none of which was digested; they appear to be part of the
natural sediments. With respect to GC ls and ms faunal assemblages, there is a clear decline
in the number of charred remains, just over 3% in this geoarcheological complex.
No paleoecological interpretations can be made from the small vertebrate sample, but
two facts are worth noting as working hypotheses that need to be treated with caution. On
the one hand, the occurrence of Gliridae, a taxon related to a forested environment, is in
agreement with the presence of squirrel (Sciurus sp.) in the GC tc of sector SE, square K20
(Table 6-1). On the other hand, the increase in water voles (Arvicola sapidus) not only in the
number of remains but also in their
MNI (N = 4) and the clear decline of the
pine vole (M. (Pitymys) lusit./duod.), a
species that is linked to open vegetation,
might also indicate that the forest line
was closer to the river at that time when
the GC tc sediments were deposited.

– Capra pyrenaica female third phalanx from
sector SC, square J13, GC tc.
FIG. 6-4
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Faunal remains from GC al
The alluvial complex is the lowermost in the Lagar Velho and the poorest in faunal
remains, with just eight bone fragments (Table 6-4). Their surfaces were not eroded, and
they did not show any marks. No further comments can be made.

Discussion
Despite the small size of the samples, the analysis of the faunal assemblages recovered
from sector SC, square J13 has provided preliminary results that will be worth exploring in
more detail and that need to be properly assessed with more data. Firstly, the high concentration of burnt bone fragments in the lower sediments of GC ms and in GC ls suggests
that there was human occupation at the rockshelter ca.23 kyr BP. Secondly, the species composition of the GC tc seems to vary slightly from that present in the later complexes ls and
ms, but it is in agreement with that of the same GC in sector SE, square K20 (see above).
The spectrum of species appears to indicate that at the period of formation of these tc
deposits there could have been a more forested environment than that shown at later
stages. Roe deer, wild boar, squirrel and Gliridae are species whose habitat ranges are
associated with forests. Finally, although the occurrence of Capra pyrenaica cannot be interpreted at present, it might be of significance considering that the Lapedo Valley would not
be its natural environment.

Faunal assemblages from sector TP, the hanging remnant
The slope waste sediments of sector TP are part of the GC us (Chapter 4). The base of the
complex in TP06 is dated to 21 180 ± 240 BP (OxA-8420) and the lower sediments in TP09
to 20 220 ± 180 BP (OxA-8419). Although the volume of sediment processed was very small
(approximately one cubic meter), the sample of faunal remains was very rich (Table 6-6). Material was hand-collected and sediments were dry-sieved through a 2.5 mm mesh in the field.
This sieving procedure did not promote the recovery of small vertebrates. Consequently, loss
of the smallest skeletal elements (i.e., teeth) and a bias against the smallest species occurred
(see below; Payne, 1975). Despite this, the total number of small vertebrate remains recovered
from sector TP justifies a more detailed analysis than that made in sectors SE and SC, and
therefore results are presented in a separate section (see below; Table 6-10).

Table 6-6
Lagar Velho. Total number of remains from sector TP, the hanging remnant.
TP06

TP09

Identified

Unidentified

Identified

Unidentified

Fish

–

Amphibia

59

38

–

9

–

65

–

Reptilia

10

–

13

–

Birds
Mammals

49
4255

56
15 712

17
3388

38
9706

Total

4373

15 806

3483

9753
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Faunal remains from TP06
A total number of 20 179 faunal remains from all vertebrate groups were recovered
from this Terminal Gravettian level (Table 6-6). 78% were unidentifiable to any taxonomic
level. In the case of the large- and medium-sized mammals, this fraction includes mainly
minute anatomically undetermined fragments (over 72%) that probably derive from the
identified taxa (Table 6-7). The small vertebrate undetermined fraction (Table 6-10) comprises only mammal postcranial skeletal elements, since fish, amphibian, reptile and bird
bones are easily identifiable to one or another of these groups.
Large- and medium-sized mammals
Nearly 42% of the sample presents eroded surfaces, suggesting that the bones had
been exposed before becoming part of this deposit (Lyman, 1994). Charred remains represent 11% of the total sample, and their occurrence is related to human occupation of the site.
The only aurochs bone, three bones of red deer and horse, 130 rabbit bones and over 1900
unidentified fragments had been in contact with fire. In addition, clear thin cut marks are
evident on a horse left mandibular ramus (Fig. 6-5), on a wild boar left second metatarsal (Fig.
6-6), on five large-sized mammal fragments (2 ribs, 2 diaphyses and one vertebra) and on
two medium-sized mammal ribs. The presence of cut marks is conclusive evidence of the

– Terminal Gravettian horse mandibular ramus
showing cut marks. Sector TP.
FIG. 6-5

– Terminal Gravettian wild boar second metatarsal
showing cut marks on its anterior side. Sector TP.
FIG. 6-6
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association between people and the animals in question. The incidence of carnivore gnawed
and partially digested fragments is less than 1%. Even if carnivores had been around the rockshelter, it seems they were not responsible for most of this bone accumulation.
As is shown in Table 6-7, Leporidae and in particular rabbits are dominant, not only
by NISP (N = 3,318) but also by MNI (N = 31). The contributions of horse, red deer, hare,
wild boar and aurochs follow in that order. The occurrence of wolf and fox was equally
attested. In the attempt to understand what could have been a more realistic pattern, the relative frequencies of ungulates, carnivores and hare, excluding rabbit were considered (Table
6-7, third column). The results show that horse predominates, followed by red deer and
hare. The association of horse, aurochs and hare may be reflecting the occurrence of more
open spaces with low vegetation, such as grasslands, but this is a working hypothesis that
must be treated with caution.

Table 6-7
Lagar Velho. Numbers of teeth and bones from sector TP, the hanging remnant.
TP06

TP09

Nisp

%

%

Nisp

%

%

(MNI)

Identified

Without

(MNI)

Identified

Without

Rabbit

Cervus elaphus
Capreolus capreolus
Bos primigenius
Sus scrofa
Equus sp.

Rabbit

37 (3)
–
1 (1)
4 (2)
57 (4)

0.9
–
>0.1
0.1
1.4

27.2
–
0.7
3.0
42.0

18 (2)
2 (1)
–
2 (1)
13 (2)

0.5
>0.1
–
>0.1
0.4

41.0
4.5
–
4.5
29.5

34 (3)
3318 (31)

0.8
80.9

25.0

4 (1)
3217 (38)

0.1
98.5

9.0

637

15.5

1

>0.1

Lynx pardina

–

–

–

1 (1)

>0.1

2.2

Canis lupus
Vulpes vulpes
Carnivora

2 (1)
1 (1)
8

>0.1
>0.1
0.2

1.4
0.7

–
4 (1)
4

–
0.1
0.1

–
9.0

Cf. Cetacea

1 (1)

>0.1

–

–

Lepus sp.
Oryctolagus cuniculus
Leporidae

Total identified

4100 (47)

3266 (47)

Large-sized mammal
Medium-sized mammal
Undetermined

1087
96
14 011

195
282
8850

Total unidentified

15 194

9327

Total number

19 294

12 593

% Identified: percentages are calculated only for the identified remains.
% Without rabbit: percentages are calculated excluding rabbit.

Red deer is represented by lower limb bones (1 astragalus, 1 calcaneum, 3 metapodial
diaphyses and 23 phalanges), isolated teeth (N = 7), a mandibular ramus and the burnt tip
of an antler. The MNI of three individuals was estimated from two lower third molars with
different wear stages (belonging to an adult and a sub-adult) and the third phalanges of a
new-born. One metapodial shaft and one of the first phalanges are burnt, one second phalanx appears semi-digested, and a first phalanx carnivore gnawed. Four third phalanges were
measured (Table 6-2).
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As previously mentioned, the only aurochs remain is a charred distal first phalanx.
The wild boar sample includes a deciduous second upper premolar, a permanent
worn molar fragment, a complete third phalanx and a whole second metatarsal. Both teeth
were used to estimate the MNI (N = 2). Cut marks on the anterior side of the second
metatarsal diaphysis (Fig. 6-6) are clear evidence of the processing, if not consumption, of
this species at the site. Lower parts of limbs are usually discarded during the first butchery
process or are left attached to the skin (O’Connell et al., 1988).
Partial skeletons of at least four horses were recovered in this Terminal Gravettian level.
Contrary to the situation with red deer, the cranial, axial and apendicular skeleton of horse
occur. Juvenile, sub-adult and mature individuals are distinguished by the eruption and
wear stages of two of the nearly complete mandibles that were recovered, one with four
deciduous teeth and another with the permanent dentition beginning to wear (Fig. 6-7;
Levine, 1982), and by the fusion stages of the postcranial skeleton. Cranial elements are the
most frequent and in particular isolated deciduous and permanent teeth (N = 24). Three vertebrae and one rib fragment were also recovered. Fore and hind limbs are represented by
two scapulae, two radii, one ulna and a tibia. One scapula (GLP: 81.64 mm, LG: 51.86 mm,
BG: 47.41 mm, SLC: 56.34 mm) and one radius (Bd: 67.2 mm) were measurable. From the
lower limbs and feet, two astragali (one heavily gnawed), three carpals (2 left trapezoids and
1 right pyramidal), three proximal lateral metapodials and two phalanges were identified.
None of these elements shows cut marks apart from the mentioned left mandibular ramus
(Fig. 6-5). The gnawed condition of one of the astragali attests to the alternating presence
of humans and scavengers in the Lapedo Valley (Selvaggio, 1994).
Rabbits, among the Leporidae, are the most abundant species. Whole disarticulated skeletons are present (Table 6-8). From the 31 individuals, seven were very young. Charred rabbit
bones represent nearly 4% of the sample, and although all skeletal elements appear occasionally burnt, there seems to be a slight bias towards charred bones from the lower limbs and feet,
suggesting rabbit carcasses were roasted whole or in joints (Hockett, 1991). Undoubtedly, part
of them was consumed by humans. In contrast, hare is scarcer, and no burnt remains were recovered. The frequency of Leporidae gnawed or semi-digested remains is very low (less than 1%).
Two of the potential carnivore scavengers at the site were identified as wolf and fox. The
former is represented by a distal right scapula (GLP: 35.63 mm, LG: 31.21 mm, BG: 22.68
mm; Fig. 6-8) and an isolated incisor, and the latter by a left maxillary fragment. The undetermined carnivore fragments were three incisors, a lower third molar, one vertebra, two
third phalanges and a black burnt phalanx fragment.
Finally, the large- and medium-sized mammal assemblage in TP06 is completed with
a small Cetacean vertebra. The occurrence of this remain is intriguing since the Lapedo Valley is relatively far from the coastline. Its surface is slightly eroded, but it does not seem to
have been digested, which would have been a possible means of its arrival here.
Bird and fish remains
The bird remains were identified to family or species whenever possible (Table 6-9).
Despite the small size of the sample, the dominance of choughs and other corvids is evident.
No paleoenvironmental interpretation can be made, but they are all species related to a rocky
landscape such as that prevailing at this valley.
Unfortunately no identification was made of the 38 tiny fish vertebrae that were recovered. They do not show any burning patches or cut marks, but they are eroded. They are
probably species from the local river that could have been introduced by predators or part
of the food debris left by humans.
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FIG. 6-7

– Terminal Gravettian horse mandible with teeth beginning to wear. Sector TP.

FIG. 6-8

– Terminal Gravettian Canis lupus right scapula recovered from sector TP.
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Faunal remains from TP09
The Middle Solutrean sample (TP09) comprises 13 236 remains of all vertebrate
groups. Over 26% were identified to different taxonomic levels (Table 6-6).
Large- and medium-sized mammals
These are the most frequent remains. Within them, 70% are small unidentified fragments probably derived from the identified taxa. On the whole, bones in this assemblage
present more eroded surfaces, and the relative frequency of burnt (16%) and digested
remains (1%) is also slightly higher than in the Terminal Gravettian sample (TP06).
The absolute dominance of rabbits conceals the relative importance of the other
identified species. Thus, if they are excluded from the counts (Table 6-7, third column),
the frequency of red deer, based on the number of remains, is much larger than that of
horse. This is accompanied by an increase in wild boar, the occurrence of roe deer and
lynx, and the decline in hare with respect to TP06 (Table 6-7). These results must be
treated with caution given the small size of the samples, but they suggest that forested
areas in the Middle Solutrean could have been more common than in the Terminal
Gravettian period.
Cranial elements (a skull, a maxilla, a mandibular fragment and one tooth) and
lower limbs and feet (1 metapodial diaphysis, 1 astragalus, 2 carpals and 9 phalanges)
dominate the red deer assemblage. The MNI of two individuals was estimated from one
adult mandible and an unformed carpal bone of a newborn. The metapodial shaft and
two phalanges are charred. Longitudinal breakage of the metapodial may be related to
marrow extraction and thus to processing and consumption of carcasses in the rockshelter (Selvaggio, 1994).
Roe deer is represented by one each of the second and third phalanges. The latter
is semi-digested.
In the case of wild boar, a third phalanx and a canine tooth denote the existence of
at least one individual.
The decline in horse remains is evident (Table 6-7). Only foot bones and teeth are
present, together with one femoral shaft. A deciduous molar and a permanent incisor in
an advanced wear stage allowed an estimated MNI of two individuals. A first phalanx is
charred. None of the bones were measurable.
All skeletal elements of rabbit were present in these sediments (Table 6-8). Excluding vertebrae and skull fragments, mandibles (N = 90), femora (N = 103), tibiae and
humeri (N = 94 each) are the best-represented elements. There is an increase in the frequency of burnt remains with respect to the Terminal Gravettian. Nearly 6% of the rabbit bones appear to have been in contact with fire. Although foot bones are the most
numerous, there are also charred limb bones and skull fragments. No clear-cut marks
are evident, and the incidence of digested or gnawed bones is practically null. Nine of the
38 estimated individuals are newborns. These results indicate that part of the rabbits
were natural components of the sediment and part derived from food debris accumulated
by humans.
Hare is recognised only by an astragalus, a proximal left femur, a distal humerus
and a proximal tibia. Its decline might be related to the proposed environmental change
that could have taken place with respect to the previous period.
The third phalanx of a lynx, together with a fox left mandibular fragment, radial
shaft, second phalanx and incisor, are the only identified carnivore remains.
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Table 6-8
Lagar Velho. Distribution of skeletal elements of Oryctolagus cuniculus in sector TP,
the hanging remnant.
TP06

Cranial
Axial
Upper limbs
Lower limbs

TP09

Nisp

%

Nisp

%

296
610
F: 430
H: 433
F: 420
H: 523

10.9
22.5
F: 15.8
H: 16.0
F: 15.5
H: 19.3

322
563
F: 481.5
H: 487.5
F: 350
H: 445

12.2
21.2
F: 18.2
H: 18.4
F: 13.2
H: 16.8

Isolated teeth were excluded from the cranial skeleton. F = fore limb bones. H = hind limb bones.

Table 6-9
Lagar Velho. Identified bird remains in sector TP, the hanging remnant.

Accipitridae
Falco tinnunculus
Alectoris sp.
Corvus monedula
Phyrrhocorax sp.
Corvidae
Sturnus vulgaris
Passeriforms
Total

TP06

TP09

Nisp (MNI)

Nisp (MNI)

1
1 (1)
2 (2)
1 (1)
24 (3)
14
3 (1)
3
49 (8)

–
–
2 (1)
–
6 (2)
4
–
5
17 (3)

Table 6-10
Lagar Velho. Identified small vertebrate remains in sector TP, the hanging remnant.
TP06

TP09

Nisp

MNI

%

Nisp

MNI

%

50
9
6
4
1
1
1
7
1
61
27
40
16

6
2
2
1
1
1
1
2
1
4
7
9
3

15.0
5.0
5.0
2.5
2.5
2.5
2.5
5.0
2.5
10.0
17.5
22.5
7.5

62
3
–
13
–
2
1
2
2
57
7
33
18

7
1
–
1
–
1
1
1
2
4
3
13
7

17.1
2.4
–
2.4
–
2.4
2.4
2.4
4.9
9.8
7.3
31.7
17.1

Total identified

224

41

200

41

Undetermined

518

379

Total number

742

579

Amphibia
Reptilia
Mammals

Anura
Caudata
Lacertidae
Colubridae
Erinaceus europaeus
Sorex sp.
Crocidura sp.
Talpa sp.
Gliridae
Arvicola sapidus
Microtus (Pitymis) lusit.duod.
Microtus arv./agrest.
Apodemus sylvaticus

Percentages are calculated from MNI.
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Birds and fish remains
The more eroded condition of faunal material in TP09 could have influenced the survival of the more fragile bird and fish remains. As far as the former is concerned, no variation is observed with respect to the Terminal Gravettian sample. Corvids dominate, followed by partridge. The 9 fish vertebrae remain unidentified.

Small vertebrates (amphibians, reptiles and mammals) in sector TP
Small vertebrate taxa were recovered from the Terminal Gravettian and Middle
Solutrean levels in sector TP (Table 6-10). Since archeological material in this sector resulted
from the cleaning and reconstruction of the archeological profiles exposed by the bulldozer operating on the site, no sieving procedure was specifically designed for the recovery
of this kind of faunal remains. Thus, important skeletal elements such as Murinae isolated
molar teeth or Microtus sp. third molars are practically absent from these samples. No
Gliridae teeth were collected, so its presence is recorded by counting diagnostic postcranial
skeletal elements (Vigne, 1995).
A considerable proportion of the material appears eroded and fragmented, which may
be related to this being an open site. In addition, a significant number of teeth shows signs
of having been digested (Andrews, 1990). The occurrence of potential predators (carnivores
and birds of prey) was registered in the sections above. A detailed study of the taphonomical processes to which these small vertebrate assemblages may be related will be of great
importance for evaluating and assessing the paleoecological information they can provide.
Notwithstanding, the results shown below and in Table 6-10 help to understand the potential of a more thorough recovery of these taxa and also allow us to put forward a series of
working hypotheses that will need to be confirmed with larger samples.
A total of 1 321 remains were recovered. Their description follows, organized according to the systematic order.

Class AMPHIBIA Linnaeus, 1758
Order CAUDATA Oppel, 1811
Family SALAMANDRIDAE, Gray, 1825
Material
TP06 – 6 vertebrae, 1 R distal humerus of cf. Salamandra salamandra and 2 distal
humeri (R and L) of cf. Triturus marmoratus. MNI = 2.
TP09 – 3 vertebrae. MNI = 1
Order ANURA Rafinesque, 1815
Material
TP06 – 5 vertebrae, 1 urostile, 8 tibiae/fibulae (4 R - 4 L), 7 radii/ulnae (3 R - 4 L),
10 humeri (6 R - 4L), 4 ilia (2 R - 2 L), 3 scapulae (2 R - 1 L), 6 femora (4 R - 2 L), 6 undetermined. MNI = 6.
TP09 – 3 vertebrae, 2 urostile, 6 tibiae/fibulae (3 R - 3 L), 7 scapulae (2 R - 3 L - 2),
8 humeri (5 R - 3 L), 13 ilia (7 R - 6 L), 6 radii/ulnae (4 R - 2 L), 2 L femora, 15 undetermined. MNI = 7.
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So far it has not been possible to identify to species the Anura os ilium, the more diagnostic bone (Sanchíz and Esteban, 1985), but different morphological traits indicate
that more than one species is present in both assemblages (TP06 and TP09). The
material is biased against cranial skeletal elements, which appears to be the trend in
archeological contexts (Sanchíz and Esteban, 1985). Analyses of larger samples will provide important information to characterize the paleoenvironment of the riverside areas
in the Lapedo Valley. Amphibians depend directly on aquatic environments to breed.
Their juvenile stage is spent inside water, but as they reach their adult stage, different
species present diverse ecological needs (Crespo and Oliveira, 1989; Almeida, 2001).
Hence species identification of these archeological samples could potentially indicate
the hydrological regime of the margins of the river in the past, according to the greater
or smaller degree of water needs of the occurring species.

Class REPTILIA Laurenti, 1768
Order SAURIA McCartney, 1802
Family LACERTIDAE, Bonaparte, 1831
Material
TP06 - 2 dentary fragments (1 R - 1 L), 3 maxillary fragments (2 R - 1 L), 1 undetermined.
MNI = 2.
Family COLUBRIDAE Oppel, 1811
Material
TP06 - 3 thoracic vertebrae, 1 maxillary fragment. MNI = 1.
TP09 - 13 thoracic vertebrae. MNI = 1.
The ecological interpretation of these 23 reptilian remains will not be possible until they
have been identified to species, since they could be both local predators or introduced prey.

Class MAMMALIA
Order INSECTIVORA Bowdich, 1821
Family ERINACIDAE Bonaparte, 1838
Erinaceus europaeus Lineu,1758
Material
TP06 - 1 maxillary fragment. MNI = 1.
The identification of this remain was possible by considering the number and arrangement of the alveoli.
Family SORICIDAE Gray, 1821
Genus SOREX Lineu, 1758
Sorex sp.
Material
TP06 - 1 R mandibular fragment (with incomplete tooth row). MNI = 1.
TP09 - 1 skull fragment, 1 L mandible (with incomplete tooth row). MNI = 1.
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Genus CROCIDURA Wagler, 1832
Crocidura sp.
Material
TP06 - 1 L mandibular fragment (with incomplete tooth row). MNI = 1.
TP09 - 1 L mandibular fragment (with incomplete tooth row). MNI = 1.
The fragmented condition of these mandibles hindered the possibility of collecting
diagnostic biometric data (Saint-Girons et al., 1979).
Family TALPIDAE Gray, 1825
Genus TALPA Lineu, 1758
Talpa sp.
Material
TP06 - 2 L femora, 2 ulnae (1 R - 1 L), 1 L humerus, 1 L mandible, 1 L M1. MNI = 2.
TP09 - 1 R mandible, 1 R ulna. MNI = 1.
Order RODENTIA Bowdich, 1821
Family GLIRIDAE Thomas, 1897
Material
TP06 - 1 distal L humerus. MNI = 1.
TP09 - 2 R humeri (1 complete and 1 distal fragment). MNI = 2.
The supracondylar foramen on the distal humeral diaphysis is the diagnostic character used to identify this family (Vigne, 1995). Although most probably these remains
belong to Eliomys quercinus, definitive assignment to this species should wait until other
diagnostic skeletal elements (i.e. teeth) are recovered.
Family MICROTINAE Cope,1891
In this group there were no postcranial skeletal elements, but teeth were used in the
identifications. Thus mandibular or maxillary fragments from which the teeth became
loose are counted within the undetermined fraction. This emphasizes the bias against
the recovery of upper and lower isolated third molars.
Genus MICROTUS Schrank, 1798
Microtus arvalis/agrestis
Material
TP06 - Upper teeth: M1 = 11 (5 R - 6 L), M2 = 4 (3R - 1 L), M3 = 1 R.
Lower teeth: M1 = 18 (9 R - 9 L), M2 = 5 (3 R - 2 L), M3 = 1 L. MNI = 9.
TP09 - Upper teeth: M1 = 3 (2 R - 1 L), M2 = 3 (2 R - 1 L), M3 = 1 R.
Lower teeth: M1 = 20 (7 R - 13 L), M2 = 5 (2 R - 3 L), M3 = 1 R. MNI = 13.
Due to the small size of the sample and the fact that part of the material is eroded (25%
of teeth are digested in TP06 and 66% in TP09) and therefore not measurable, it is
not possible at present to attribute a specific identification. However, considering
some morphological characteristics and the relationship between total length and the
width of the posterior cusp in lower first molars, they can be confidently assigned to
the arvalis/agrestis group (Chaline, 1972).
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Microtus (Pitymys) lusitanicus/duodecimcostatus
Material
TP06 - Upper teeth: M1 = 5 (2 R - 3 L), M2 = 4 (3 R - 1 L), M3 = 2 (1 R - 1 L).
Lower teeth: M1 = 12 (5 R - 7 L), M2 = 2 R, M3 = 2 R. MNI = 7.
TP09 - Upper teeth: M1 = 2 (1 R - 1 L).
Lower teeth: M1 = 4 (3 R - 1 L), M2 = 1R. MNI = 3.
Given the similarity and variability of lower first molars among the species that comprise this group, discriminant morphometric analyses are necessary to differentiate
between them (Brunet-Lecomte, 1988). As noted for the previous species, 26% of the
remains in TP06 are digested and apparently none in TP09. Since nowadays M. lusitanicus and M. duodecimcostatus in Portugal present different geographical distributions
(Madureira and Ramalhinho, 1981), distinction between these species can be made only
in larger samples, which in turn will provide the environmental characterisation of the
archeological contexts they derive from.
Family ARVICOLIDAE Gray, 1921
Genus ARVICOLA Lacépède, 1799
Arvicola sapidus Miller 1910
Material
TP06 - 3 skull fragments, 4 humeri (1R- 3 L), 1 L ulna, 2 L radii, 4 pelves (1 R - 3 L), 8
femora (5 R - 3 L), 9 tibiae (6 R - 3 L), 1 R calcaneum.
Upper teeth: M1 = 3L, M2 = 8 (4R - 4L), M3 = 4 (2R - 2L).
Lower teeth: M1 = 6 (3R - 3L), M2 = 2 (1R -1L), M3 = 6 (2R - 4L). MNI = 4.
TP09 - 1 skull fragment, 1 L scapula, 5 humeri (2R - 3L), 7 ulnae (5R - 2L), 3 pelves (2R
- 1L), 12 femora (7R - 5L), 2 tibiae (1R - 1L), 2 calcanei (1R - 1L), 1 R astragalus, 2 caudal
vertebrae.
Upper teeth: M1 = 1L, M2 = 1L, M3 = 4 (2R - 2L).
Lower teeth: M1 = 5 (1R - 4 L), M2 = 5 (2R - 3L), M3 = 5 (1R - 4L). MNI = 4.
This is the only rodent species whose limb bones were identified. However, in order
to avoid a species bias against Microtinae and Muridae, the MNI was estimated from
teeth remains (Table 6-10). They are also digested: 27.5% in TP06 and 33% in TP09.
Water voles live in calm watercourses and dig tunnels with an underwater exit, therefore favoring areas where the water level remains more or less unaltered. It occasionally feeds on amphibians, but the major part of its diet is comprised of aquatic vegetation that occurs by the riversides and that it also uses for shelter (Saint-Girons and
Le Louarn, 1977; Madureira and Ramalhinho, 1981).
Family MURIDAE Gray, 1821
Genus APODEMUS Kaup, 1829
Apodemus sylvaticus Lineu, 1758
Material
TP06 - 6 mandibles (2 R - 3 L - 1), 5 maxillaryfragments (3 R - 2 L), 2 skull fragments,
M1 = 1 L, M2 = 2 (1 R – 1 L). MNI = 3.
TP09 - 11 mandibles (7 R - 4 L), 7 maxillary fragments (5 R - 2 L). MNI = 7.
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While in TP06 only 13% of the teeth appear digested, this species presents the highest index of digested remains from the whole assemblage in TP09 (77%). It was obviously one of the favorite prey animals.

Discussion
The Microtinae group (M. arvalis/agrestis and M.(Pitymys) lusitanicus/duodecimcostatus)
dominates in both samples (40% in TP06 and 39% in TP09; Table 6-10). The occurring
species, although not specifically identified, share a number of ecological characteristics that
allow us to associate them to similar habitats. They need wet soils that can be easily removed
to facilitate their burrowing habits (Madureira and Ramalhinho, 1981). In addition, the association of water voles (Arvicola sapidus) and amphibians is equally strong (30% in TP06 and 29.3%
in TP09). These taxa are closely related to aquatic environments. The presence of all of these
animals points to stable margins of the river with soft soils rich in organic matter, where vegetation and invertebrate fauna would provide shelter and abundant resources to support them.
The most outstanding difference between the Terminal Gravettian and Middle Solutrean
samples is the decline in M.(Pitymys) lusit./duod. (17.5% in TP06, 7.3% in TP09), which is paralleled by an increase in Microtus arv/agrestis (22.5% in TP06, 31.7% in TP09). Similarly,
although the sample is very small, a slight increase in Apodemus sylvaticus (7.5% in TP06, 17.1%
in TP09) and Gliridae (2.5% in TP06, 4.9% in TP09) occurs. These latter species are usually
indicators of temperate forests (Póvoas et al., 1992). It is worth noting that their relative frequencies could have been negatively affected by the inadequate sieving procedures, and their
real importance could have been larger than that expressed in these percentages (Table 6-10).
In short, the small vertebrate composition in sector TP seems to suggest that, during
the Middle Solutrean, there could have been a more forested and wet environment than in
the Terminal Gravettian. However, these results must be treated with caution, since the
semi-digested condition of a considerable part of the rodents indicates that predators were
partly responsible for their accumulation (Andrews, 1990), and some of the species could
have been introduced from outside the Lapedo Valley.

General Conclusion
The varied faunal spectrum recovered from sector TP has become evident from the previous sections. All vertebrate groups are represented despite the small volume of sediment that
was processed. Different species frequencies in the Terminal Gravettian and Middle Solutrean
samples have been related to possible environmental changes between these two periods. Both
the large/medium-sized mammals and the small vertebrates appear to indicate a trend towards
more forested and humid conditions in the Middle Solutrean. However, without a taphonomical study to evaluate and assess how some of these potential bioindicator species arrived
at the site, such environmental change can only be formulated as an hypothesis.
Finally, there is no doubt that part of these assemblages was accumulated by humans, as
shown by the occurrence of burnt remains and fragments with cut marks. Hence, future studies of larger samples should consider analyzing topics related to hunting strategies, processing and consumption of carcasses. Studies of faunal remains from the Lapedo Valley will contribute greatly to our knowledge on how different animal species and people shared the same
environment and made use of common available resources during the Upper Paleolithic.
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❚ PAUL B. PETTITT ❚ HANS VAN DER PLICHT ❚ CHRISTOPHER BRONK RAMSEY ❚
❚ ANTÓNIO M. MONGE SOARES ❚ JOÃO ZILHÃO ❚

Sixteen samples of bone and charcoal collected during the 1998-99 salvage excavation
carried out at the Lagar Velho rockshelter were analyzed at the Oxford, Gröningen and
Sacavém laboratories. The samples originate from the burial itself, from surrounding and
underlying deposits, and from the hanging remnant with Terminal Gravettian and Middle
Solutrean occupations. Eighteen pre-treatments and/or measurements were attempted, five
of which were failed. The remaining thirteen clarify the age of the burial as between 24 000
and 25 000 BP, and the deposition of the hanging remnant as between 22 500 and 20 000
BP. This chapter summarises the dating methods and results and places them in a wider
chronological context.

Methods
The samples dated were pre-treated using methods standard at Sacavém, Oxford and
Gröningen, current at the time, for charcoal, bone and charred bone. The Sacavém sample
was measured in a liquid scintillation counter and those from Oxford and Gröningen
through the AMS technique.
The routine method for charcoal aims to extract the reduced carbon present. The samples were treated in mild acid to remove carbonates, after which they received an alkali wash
to break up the remaining material and release contaminants such as humic acids and
resins trapped in the material. Following this, a further acid wash was used to purify the
remaining cellulose and the remaining sample was oven dried. This so-called AAA (AcidAlkali-Acid) method is applied in the Sacavém, Oxford and Gröningen laboratories.
For bone, the method is designed to extract collagen, although in one case the residue
remaining after collagen extraction was measured. The samples were first given a continuous flow acid-alkali-acid treatment to remove carbonates and other contaminants. The
remaining collagen was then gelatinised, filtered and freeze-dried.
Charred bone is treated to extract reduced carbon using a method similar to that for
charcoal.
For further details concerning sample treatment and AMS measurement, see Law and
Hedges (1989), Hedges et al. (1989, 1992), Bronk Ramsey and Hedges (1997), and van der
Plicht et al. (2000).

The Rationale of Sample Selection
Seven samples (Samples A-G) are from the burial context and underlying or immediately surrounding deposits (see Chapters 3-4, Figures 3-7 and 4-20). Nine samples (Samples
0-7bis) are from the hanging remnant (see Chapters 3-4, Figure 3-15). Their provenance
details and associated lab numbers are given in Table 7-1.

Table 7-1
AMS radiocarbon dating samples from Lagar Velho (1998-99 salvage excavation).
Original
designation

Field
reference

Dating
method

Lab number

Provenance and description

Burial context and adjacent deposits
Sample A

L20-103

AMS

OxA-8417

Sample B

L20-33

AMS

OxA-8421

Sample C

L20-99

AMS

OxA-8422

Sample D

L19-2

AMS

OxA-8423

Sample E

L20-189

AMS

Sample F

L20-190

AMS

GrA-10972
GrA-12194
GrA-13360
GrA-13310

Sample G

K20-SE02

AMS

OxA-10849

Q.Z west
Q.A,-190 cm
Q.Z,-165 cm
Q.Z,-175 cm
Q.Z,-197 cm
Q.W,-134 cm
Q.W,-170 cm
Q.B,-226 cm
Q.B,-226 cm

LSC
AMS
AMS
AMS
AMS
AMS
AMS
AMS
AMS

Sac-1561
OxA-8418
OxA-8424
OxA-8425
OxA-8426
OxA-8419
OxA-8420
Failed
OxA-10303

Unfitted fragments of Lagar Velho 1 left
femur
Fragment extracted from a left pelvis of
Cervus elaphus touching the right shoulder
of Lagar Velho 1
Vertebra of Oryctolagus cuniculus touching
the left tibia of Lagar Velho 1
Third phalanx of Cervus elaphus in deposits
adjacent to the burial pit
Rib fragments from the left side of the
thoracic cage of Lagar Velho 1
Charcoal (single Pinus sylvestris branch)
from the black lens under the legs of
Lagar Velho 1
Shaft fragment of large mammal (Cervus
or Equus) in bone level 1 meter below the
burial

Hanging remnant
Sample 0
Sample 1
Sample 2
Sample 3
Sample 4
Sample 5
Sample 6
Sample 7
Sample 7bis

Layer 6; charcoal fragments, unidentified
Layer 6; single charcoal, unidentified
Layer 8; single charcoal, unidentified
Layer 7; single charcoal, unidentified
Layer 7a; single charcoal, unidentified
Layer 9; single charcoal, unidentified
Layer 6; single charcoal, unidentified
Layer 1; single charcoal, unidentified
Layer 1; single charcoal, Pinus sylvestris

The Burial
Sample G was submitted in order to provide a maximum age for the geological context
containing the burial. Samples A and E were submitted in order to try a direct chronological
assessment of the Lagar Velho 1 human paleontological specimen. Sample C was the southernmost (found in direct contact with the left tibia of Lagar Velho 1) of a row of five semi-articulated rabbit vertebrae laying across the child’s lower legs. Sample F was extracted from the
black lens immediately underlying the leg bones of the skeleton. Subsequent anthracological
analysis showed that this lens resulted from the burning of a single branch of scots pine.
Given their stratigraphic position, immediately overlying and underlying, respectively, the lower legs of Lagar Velho 1, samples C and F were intended to establish the upper
and lower limits of the time interval during which the burial of Lagar Velho 1 could have
taken place. Moreover, sample F could provide a direct archeological date for the burial
event and, simultaneously, test a ritual fire interpretation of the charcoal lens. Dating sample C, in turn, would also inform us whether the rabbit parts in question dated to the same
time as the burial or represented a later intrusion. If they were contemporary with the
skeleton, they might have been introduced as a burial gift or represent a natural death
slightly after inhumation; if they were significantly more recent, they could only come from
a natural death in a burrow.
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Sample B was collected from a red deer bone at the edge of the burial pit, in contact with
the remains of the right shoulder of Lagar Velho 1. Sample D, a red deer bone collected 30 cm
outside the northern edge of the pit but at the same topographic elevation, came from the
deposit into which the burial was excavated. They were submitted in order to test whether the
animal bones outlining the ochre-stained sediments were functionally associated with the
burial event, either as burial gifts or as construction material for the burial feature.
The hypothesis of an intentional association would be demonstrated if sample B were
shown to be of the same age as the burial event and sample D were shown to be older. This
would imply that the burial pit had been excavated into deposits whose accumulation preceded the burial event by a significant amount of time. Therefore, contemporaneity between
the burial and the immediately adjacent faunal remains would be established, combined
with both being more recent than the surrounding deposits. This would make the human
activity represented by the burial event the most likely explanation for the stratigraphic intrusion in those deposits of the human skeleton and the associated fauna.
Alternatively, the latter could represent pre-existing material displaced during inhumation which ended up marking the borders of the feature, either by accident or by re-use as
construction material. That would be the case if sample B were shown to be older than the
burial event, and sample D were shown to be of identical or earlier age. In such a scenario,
the hypothesis that the animal bones lining the burial pit were ritually associated with the
burial event would have to be rejected.
If both samples were shown to be of the same age as the burial event, it could be safely inferred that the burial pit had been excavated in geologically contemporary deposits. It
would not be possible, however, to reject any of the alternative hypotheses outlined above.

The Hanging Remnant
Sample 7bis is supplementary material submitted after sample 7 was failed by the
Oxford lab due to insufficient carbon yield. Both were intended to date Layer 1 (level TP 01).
This layer corresponds to the base of a truncated sequence of deposits underlying the
Terminal Gravettian Layer 6, to the west of the large erosional channel which divided the
hanging remnant in two isolated sections. The two samples were collected in the drawn profile, inside a small charcoal lens in direct contact with bedrock. Their stratigraphic position
suggested a Late Gravettian age.
Samples 0, 1 and 6 were intended to date Layer 6 (level TP 06) and, hence, the Terminal
Gravettian occupation of the site. Sample 0 was collected during the excavation of unit Q.Z,
where, further back from the drawn profile, the layer was preserved below the bottom surface
of the erosional channel. Samples 1 and 6 were collected in the drawn profile, west and east
of the erosional channel, respectively, in order to test the correlation established between the
two parts of the section.
Samples 2, 3 and 4 were collected in the drawn profile, in Layers 8, 7 and 7a (levels TP
08, TP 07 and TP 07a), respectively, of the erosional channel. They were intended to test the
interpretation that the stratified fill had an inverted stratigraphy. A diagnostic Vale
Comprido point was collected in the immediate vicinity of sample 2, raising the possibility
that it could provide a result related to the Lower Solutrean occupation of the site.
Sample 5 was collected in the drawn profile, 36 cm vertically above sample 6, east of the
erosional channel. In this area, Layer 9 (level TP 09) immediately overlaid Layer 6, these
were the only two stratigraphic units observed, and both were topographically higher than
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that channel. Two diagnostic laurel-leaf points were recovered in the exposed section within
a few centimeters of sample 5, which, hence, was intended to date the Middle Solutrean
occupation of the site.

Results
Tables 7-2 and 7-4 summarize the radiocarbon measurements and associated chemical
data for the burial context and the hanging remnant, respectively, sorted by lab number and
individual sample, in increasing alfanumeric order.

The Burial
It can be seen that four measurement attempts failed due to the samples from the
child’s skeleton yielding insufficient carbon or to chemical problems identified in the pretreatment stage. Therefore, in spite of Oxford and Gröningen each using a separate sample
from a different skeletal part, it was not possible to directly date the Lagar Velho 1 skeleton
itself.

Table 7-2
Radiocarbon pre-treatment, measurements and results (uncalibrated 14C years BP)
for samples from the Lagar Velho 1 burial context and adjacent deposits (1998-99
salvage excavation).
Lab. number

Sample type
and context

GrA-10972

Human
bone collagen *
GrA-12194
Human
bone collagen *
GrA-13360
Residue from
collagen extraction *
GrA-13310
Charcoal **
OxA-8417
Human
bone collagen
OxA-8421
Animal
bone collagen
OxA-8422
Animal
bone collagen
OxA-8423
Animal
bone collagen
OxA- 10849
Animal
bone collagen

Sample
weight (mg)

Yield
burnt

Weight
yield

Carbon

C/N ratio
(per mil)

δ13C

Result

474

10.9

5.6

0.5

/

-21.75

5.0

0.4

/

-21.64

(474)

26.5

26.5

1.2

/

-25.57

28150
520

46.5
2.8

4.1
2.8

1.7
0.9

/
3.7

-28.7
-20.8

380

12.2

4.6

1.7

3.2

-19.6

17 380 ± 160
Failed
17 660 ± 160
Failed
21 980 ± 100
Failed
24 860 ± 200
21 420 ± 220
Failed
24 660 ± 260

280

23.4

5.8

2.4

3.3

-21.2

23 920 ± 220

340

8.2

5.2

2.1

3.3

-20.1

24 520 ± 240

680

2.5

2.5

1.1

3.0

-20.46

27 100 ± 900

(474) duplicate (10.9)

*

The second collagen sample is a rerun (duplicate) of the first sample. Glue had been applied in the field to consolidate the bone before lifting,
and glue contamination cannot therefore be eliminated. Given the low quality of preservation, normal pre-treatment would have completely
dissolved the bone. In view of this, Gröningen employed a more dilute acid than usual (1% HCl as opposed to the normal 4%). Because of
this one cannot rule out the possibility that some younger contamination had not been removed. The sample of residue (i.e. the remaining
fraction after collagen measurement) apparently contained materials of 14C age older than the bone itself, possibly of soil organic matter.
**
This sample (GrA-13310) contained many stones which were removed by handpicking and sieving.
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The femoral fragment measured at Oxford yielded a C/N ratio that fell outside of the
accepted range for humans in this period, indicating some residual contamination. Collagen
and residue from a pretreated rib fragment was measured at Gröningen, the former receiving a rerun. As with the Oxford sample, the quality of bone was poor and the carbon content
too low. Given the low carbon content and concomitant mild pre-treatment, it was impossible to establish whether all of the contamination had been removed (see notes to Table 7-2;
see also Chapter 11 for a discussion of possible contaminants).
Both Gröningen and Oxford decided nonetheless to give lab numbers and chronological estimations to these samples. The latter, however, can only be interpreted as providing
minimum ages for Lagar Velho 1. In fact, the four attempts at dating the two samples submitted should be treated as failed. Moreover, the chemically appropriate dates obtained on
charcoal and bone from around the burial make it extremely unlikely that the chronological
estimations provided could be accurate.
The successful Gröningen and Oxford measurements (OxAs -8421, -8422, -8423, and
GrA-13310) are consistent with each other and with site stratigraphy (Table 7-3). At 2σ, OxA8422 and GrA-13310 do not overlap, but the other two, which are statistically the same intermediate age, overlap with both of those two extremes. These results show that 1) the burial
was emplaced in contemporary deposits, 2) the hypothesis that the row of rabbit vertebrae
and adjoining rabbit ribs were behaviorally associated with the burial event cannot be rejected, and 3) a ritual interpretation for the charcoal lens underlying the child’s legs and for the
red deer bones found in direct contact with the child’s right shoulder and feet cannot be
rejected either. Moreover, given the overall spread of age ranges, these results indicate that
the Lagar Velho 1 burial was emplaced between ca.25 000 and 24 000 BP. This conclusion
is consistent with the finding that the level with faunal remains identified one meter below
the burial dates to ca.27 000 BP.

Table 7-3
Radiocarbon chronology for the burial of Lagar Velho 1.

*
**

Lab. number

Result

2σ age range (14C BP)

OxA-8422*
OxA-8423
OxA-8421
GrA-13310**

23 920 ± 220
24 520 ± 240
24 660 ± 260
24 860 ± 200

24 360 – 23 480
25 000 – 24 040
25 180 – 24 140
25 260 – 24 460

Stratigraphically minimum age
Stratigraphically maximum age

Therefore, the burial of Lagar Velho 1 is broadly similar in age to other Portuguese
Gravettian contexts such as Level Jb of the nearby Gruta do Caldeirão (Tomar), which has
been dated to 26 020 ± 320 [OxA-5542, bone, Cervus elaphus (Zilhão, 1995, 1997)], and to
wider European mid Upper Paleolithic ochre burials, notably the ‘Red Lady’ of Paviland,
Wales [OxA-1815: 26 350 ± 550; OxA-8025: 25 840 ± 280 (Aldhouse Green and Pettitt, 1998;
Pettitt, 2000)], Brno 2 [OxA-8293: 23 680 ± 200 (Pettitt and Trinkaus, 2000)], the triplex burial at Dolní Věstonice [GrN-14831: 26 640 ± 110 (van der Plicht, 1997)] and the Sunghir 1
(adult male) and Sunghir 2 and 3 (immature double burial) [respectively OxA-9036: 22 930 ±
200; OxA-9037: 23 830 ± 220; OxA-9038: 24 100 ± 240 (Pettitt and Bader, 2000)]. Clearly,
the emplacement of Lagar Velho 1 was part of a wider mid Upper Paleolithic cultural phenomenon dating to between ca.27 000 and ca.23 000 BP.
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The Hanging Remnant
Of the other nine samples, all from the hanging remnant, only one was failed (Table 7-4).
The age ranges resulting from the eight successful measurements are presented in Table 7-5.
Together, these results confirm the accuracy of the initial stratigraphic observations, in the
framework of which it was stated that, in spite of the dissociation caused by removal of the
intermediate part of the site’s stratigraphic sequence, the burial context and adjacent deposits
were significantly earlier than the Terminal Gravettian and Solutrean hanging remnant.

Table 7-4
Radiocarbon pre-treatment, measurements and results (uncalibrated 14C years BP)
for samples from the Lagar Velho hanging remnant (1998-99 salvage excavation).
Lab. number

Sample type

OxA-8418
Charcoal (Layer 6)
OxA-8419 Charcoal (Layer 9)
OxA-8420 Charcoal (Layer 6)
OxA-8424 Charcoal (Layer 8)
OxA-8425
Charcoal (Layer 7)
OxA-8426 Charcoal (Layer 7a)
OxA-10303 Charcoal (Layer 1)
/ (Oxford)
Charcoal (Layer 1)
Sac-1561
Charcoal (Layer 6)

Sample
weight (mg)

Yield

Weight
burnt

Carbon
yield

C/N ratio

δ13C
(per mil)

Result

70
15
160
20
15
43
41
162
9600

14.7
3.6
50.0
5.3
7.0
7.6
2.4
32.6
2500

2.1
2.1
14.6
2.7
2.4
7.6
1.5
3.7
2500

1.4
1.3
0.3
1.6
1.4
1.9
0.8
0.09
1366

/
/
/
/
/
/
/
/
/

-23.2
-25.0
-25.6
-25.6
-23.7
-24.2
-24.5
-23.8
-24.45

22 180 ± 180
20 200 ± 180
21 180 ± 240
22 300 ± 300
22 670 ± 160
20 570 ± 130
22 390 ± 280
Failed
21 380 ± 810

Table 7-5
Radiocarbon chronology for the Terminal Gravettian and the Middle Solutrean of
Lagar Velho.
Result

2σ age range (14C BP)

22 390 ± 280

22 950 – 21 830

OxA-8420
Sac-1561

21 180 ± 240
21 380 ± 810

21 660 – 20 700
23 000 – 19 760

OxA-8418*

22 180 ± 180

22 540 – 21 820

20 200 ± 180

20 560 – 19 840

Lab. number

Late Gravettian
OxA-10303
Terminal Gravettian

Middle Solutrean
OxA-8419

In erosional channel with redeposited Late Gravettian through Middle Solutrean
OxA-8426
OxA-8424
OxA-8425
*

20 570 ± 130
22 300 ± 300
22 670 ± 160

20 830 – 20 310
22 900 – 21 700
22 990 – 22 350

the sample was probably in derived stratigraphic position

OxA-10303 is consistent with the stratigraphy and in accordance with expectations. It
confirms that the human activity recorded in the basal deposits of the remnant is of Late
Gravetian age.
The error on Sac-1561 is too large to be of great use, but the result is consistent with OxA8420. The other measurement for Layer 6 is OxA-8418, which was collected in an area of the
profile where Terminal Gravettian Layer 6 deposits filled small erosional channels excavated
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into the underlying Late Gravettian deposits. The result obtained is identical to that for Layer 1,
the base of the sequence in this part of the remnant. It is likely, therefore, that the sample from
which the OxA-8418 measurement was obtained represents a fleck of Late Gravettian charcoal
in a derived position. Sac-1561 and OxA-8420 are statistically identical to results obtained for
similar Terminal Gravettian or Proto-Solutrean contexts from Portugal, notably Level 2 of Lapa
do Anecrial [ICEN-964: 21 560 ± 680; OxA-5526: 21 560 ± 220 (Zilhão, 1995, 1997)].
OxA-8419 dates the Middle Solutrean of Layer 9 to ca.20 500-20 000 BP. This age is
comparable to that obtained elsewhere in Portugal for similar industrial contexts, such as
Gruta do Caldeirão Layer H (OxA-1939: 19 900 ± 260; OxA-5526: 21 560 ± 220) or Vale
Almoinha Layer 5 (ICEN-71: 20 380 ± 150; OxA-5676: 19 940 ± 180) (Zilhão, 1995, 1997).
The three samples collected from the fill of the large erosional channel in units Q.Y and
Q.Z show that the latter does indeed contain material derived from the erosion and redeposition of the Late Gravettian through Middle Solutrean deposits differentiated elsewhere in
the profile. Moreover, the most recent of the three results is that from the bottom of the
channel’s fill, whereas the two from its upper part are statistically identical to that for Late
Gravettian Layer 1. This fact is consistent with the hypothesis of an inverted stratigraphy.

Summary
It is therefore apparent that three broad periods of human activity are reflected in the
radiocarbon results from the 1998-99 salvage excavation at Lagar Velho: Gravettian activity
including the deposition of Lagar Velho 1 at ca.25 000-24 000 BP; Terminal Gravettian
activity at ca.21 500-21 000 BP; and Middle Solutrean activity at ca.20 500-20 000 BP.
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❚ MARTA MORENO-GARCÍA ❚

This chapter deals with the study of the faunal remains recovered in the Lagar Velho
rockshelter in the framework of the excavation of the Lagar Velho 1 child’s burial. Namely,
animal bones were recovered in the sediments overlying the burial, at the skeleton’s topographic elevation, and in the underlying deposits. Since our main purpose is to understand
their relation to the human activity recorded in the burial context, these remains are
described separately according to their stratigraphic position. Table 8-1 details the spatial
provenience and composition of the three samples that will be analyzed below. Assemblage
1 comes from disturbed deposits overlying the intact burial context, Assemblage 2 comes
from the sediments in the burial pit and immediately surrounding it at the same elevation,
and Assemblage 3 comes from intact deposits underlying the burial pit. Table 8-2 provides
counts per sample.

Methods
The osteological reference collection of CIPA (Centro de Investigação em Paleoecologia
Humana e Arqueociências) was used to aid identifications. All bones and teeth were examined and included in the counts. Within the fraction of bones not identified to species, fragments are sorted into various categories: large-sized mammal, medium-sized mammal,
small vertebrate (mammal, reptile and amphibians only; birds and fish are counted separately), and undetermined (Table 8-2). Their relative proportions can be compared to those
of the identified species from which they may have derived and, thus, help us in understanding taphonomical problems such as differential recovery, breakage and fragmentation.
As is standard archeozoological procedure, the bones recorded in these categories include
those that cannot be identified to species with certainty, i.e., fragments of long bones, teeth,
ribs and vertebrae. In the case of small vertebrates, the “unidentified” category also includes
some postcranial elements. Minute remains that are anatomically unrecognizable are counted as “undetermined.”
The state of fusion of the epiphyses of the long bones was also recorded as an indicator
of age. Sexing was attempted only for the pelves of cervids, and the measurements taken follow von den Driesch (1976).

Table 8-1
Spatial provenience and NISP’s of the three faunal assemblages generated by the
excavation of the Lagar Velho 1 child’s burial.
Square meter unit

Assemblage 1
L19
L20
L21
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Excavation spit

Thickness (cm)

Mammal

Small vertebrate

Bird

Fish

1
1
1

6
2
10*

287
334
301

8
23
19

9
8
–

–
–
–
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Table 8-1 [cont.]
Square meter unit

*

Excavation spit

Thickness (cm)

Mammal

Small vertebrate

Bird

Fish

Assemblage 2
L20
L20

2
3

6
7

643
388

14
39

1
4

–
1

Assemblage 3
K20 (GC gs)
L20 (GC gs)
L20 (GC gs)
L20 (GC gs)
L20 (GC gs)
L20 (GC gs)

3
1a
2a
4a
4
5

10
5
5
20
6
10

1
55
431
65
764
7

–
1
65
–
75
–

–
–
7
1
3
–

–
–
4
–
–
–

ground surface elevation (top of level 1) estimated from the average for L19 and L20.

Recovery and Condition
A sieving program was designed for the recovery of the child’s skull fragments dispersed in the disturbed sediments overlying and surrounding the intact burial context.
These sediments (from which derive Assemblages 1 and 2 of Table 8-1) were all hand picked
in laboratory conditions. Faunal remains from these levels benefited from this strategy, as
evidenced in the thorough recovery of the smallest bones of rabbit (loose teeth, metacarpals,
carpals, tarsals and phalanges). This must be borne in mind when interpreting the data from
Assemblage 3, which comes from sediments that were water-sieved in the field through a 1.5
mm mesh.
Bone preservation varies slightly between assemblages. Taking into account that the
bulldozer operating at the site before it was discovered displaced big blocks of sediment
along the back wall of the shelter, the frequency of recent breaks is in good accord with the
diagnosis made during excavation that Assemblage 1 comes from disturbed deposits. In
addition, variations within this assemblage were observed according to the location of the
remains. Those recovered from unit L19 (to the west of the burial) are better preserved and
less fragmented than those in unit L21 (to the east of the burial). This is indicated also by the
larger concentration of undetermined fragments in the latter. Bones with well-preserved
surfaces dominate in the burial context (Assemblage 2), at the same topographical elevation
as the child’s body. Finally, in Assemblage 3, preservation is generally good, but large-sized
mammal bones were slightly abraded. They show smooth, rounded and whitish surfaces.
This weathering state might have been caused by moving water (Lyman, 1994; Fisher,
1995), which suggests that they could have been transported by the river or washed by running water after they were deposited. Also, in Assemblage 3, frequencies of semi-digested
and gnawed bones were the highest of all (see below). Part of these remains derives from the
action of scavengers (Haynes, 1980). Detailed comments are given below for each species.

Assemblage 1, from Disturbed Deposits Overlying the Burial
The assemblage consists of 989 bone fragments, of which nearly 31% were identified to
species (Table 8-2). Rabbit predominates over any other taxa. Red deer, horse and wild boar
make small contributions, sufficient to prove their occurrence. A small carnivore incisor was
also recovered. Due to the small size of the sample, there is no variation if MNI’s are considered instead of NISP’s.
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Table 8-2
Numbers of teeth and bones from Assemblage 1 (disturbed sediments overlying
the burial), Assemblage 2 (burial context) and Assemblage 3 (in situ sediments
underlying the burial).
Taxa

Assemblage 1
Nisp (MNI)
%

Cervus elaphus
Sus scrofa
Equus sp.
Oryctolagus cuniculus
Carnivora
Anura
Urodela
Reptilia
Lacertidae
Crocidura sp.
Arvicola sapidus
Microtus (Pitymys)lusit./duod.
Microtus sp.
Apodemus sylvaticus
Total identified
Large-sized mammal
Medium-sized mammal
Small vertebrate
Undetermined
Total unidentified
Bird
Fish
Total number

7 (1)
1 (1)
3 (1)
276 (10)
1 (1)
4 (2)
1 (1)
–
–
–
5 (1)
1 (1)
2 (1)
3 (2)
304 (22)
35
9
34
590
668
17
–
989

2.3
0.3
1.0
90.8
0.3
1.3
0.3
–
–
–
1.6
0.3
0.6
1.0

Assemblage 2
Nisp (MNI)
%
8 (2)
–
1 (1)
261 (4)
–
3 (2)
–
–
–
–
8 (2)
2 (1)
5 (2)
1 (1)
289 (15)
21
9
34
732
796
5
1
1091

2.7
–
0.3
90.3
–
1.0
–
–
–
–
2.7
0.7
1.7
0.3

Assemblage 3
Nisp (MNI)
%
18 (2)
–
1 (1)
601 (14)
3 (2)
15 (3)
1 (1)
1 (1)
1 (1)
4 (2)
9 (1)
9 (2)
15 (2)
3 (1)
681 (33)
29
25
83
646
783
11
4
1479

2.7
–
0.1
88.7
0.4
2.1
0.1
0.1
0.1
0.5
1.2
1.2
2.1
0.4

Percentages are calculated only for the identified remains.

Among small vertebrates, amphibians (namely Anura) and field, pine and water voles are
present. A paleoecological interpretation of these species is not possible because of the small
sample size, but it is worth noting that they are very likely related to the presence of the river,
since their habitat needs require a wet environment. The wood mouse, Apodemus sylvaticus, is
a species which can live in very diverse environments but usually prefers areas that are more
forested or with a developed underwood. Eighteen percent of the small vertebrate remains are
semi-digested, suggesting that predators were partly responsible for their accumulation
(Andrews, 1990). They could have been introduced by birds of prey which fed in the surroundings of the Lapedo Valley (Mayhew, 1977).
The bird bones are small and weathered unidentifiable fragments.
The undetermined fraction mainly comprises minute eroded bits (88%) that derive from
the identified species. A small percentage of them (1%) had been semi-digested. Since coprolites are present in these sediments, it is possible that part of the remains is related to scavenger
activity (Reynolds and Aebischer, 1991).
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Red deer (Cervus elaphus)
The sample of red deer bones and teeth
consist of two fragments of metacarpal diaphysis (L19.8, L21.38), one unfused proximal
epiphysis of a femur (L20.350), one tarsal
(L20.344), one left os malleolus (L20.40), an
upper molar (L21.20), and an unidentified
tooth fragment (L20.312).
The proximal epiphysis of the femur presents a very eroded surface and furrows that
could be carnivore tooth marks (Haynes, 1980,
1983). The left os malleolus had clearly been
gnawed and partially digested (Fig. 8-1). While
the metacarpal diaphysis in unit L21 is very
eroded, the one in unit L19 is well preserved.
They all appear to have been affected by different taphonomic processes. The unfused state
of the proximal epiphysis of the femur indicates that it belonged to a sub-adult individual.

– Gnawed and partially digested red deer left os
malleolus.
FIG. 8-1

Wild boar (Sus scrofa)
A black burnt distal part of a second phalanx (L19.6) was the only element that attested to
the presence of this species in Assemblage 1. Its burnt condition indicates that it may be related to an anthropogenic deposit (Lyman, 1994).

Horse (Equus sp.)
Only three equid bones were recovered: two fragments of left pelvis, probably from the
same individual, and a tibial diaphysis split in two pieces (L21.9, L21.23). They were all recently broken and present reasonably well preserved surfaces. The pelvic remains are from the
ilium and were recovered in units L19 and L20 (L19.8, L20.9, L20.20, L20.38, L20.301). No
marks are visible on any of them and nothing suggests that these remains were associated with
the child’s burial.

Rabbit (Oryctolagus cuniculus)
This is the dominant species in the assemblage, not only in NISP terms (90,8% of the
total identified) but also because of the MNI of 10 (Table 8-2). The skeletal distribution of its
remains shows that whole skeletons are represented (Table 8-3). The sieving procedure made
possible the recovery of loose teeth and bones from the lower limbs, i.e. metapodials and phalanges that otherwise could have been easily missed. Their relatively higher frequency in relation to the upper limb bones is probably due to their larger numbers in the skeleton (Barone
et al., 1973).
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Table 8-3
Distribution of skeletal elements of Oryctolagus cuniculus in Assemblages 1, 2 and 3.
Assemblage 1

Cranial
Axial
Upper limbs
Lower limbs

Assemblage 2

Assemblage 3

Nisp

%

Nisp

%

Nisp

%

22
75
F: 43.5
H: 28.5
F: 43
H: 51

8.4
28.5
16.5
10.8
16.3
19.4

21
64
F: 30
H: 21
F: 48
H: 52

8.9
27.1
12.7
8.9
20.3
22.0

44
138
F: 93
H: 93
F: 83.5
H: 96.5

8.0
25.2
17.0
17.0
15.2
17.6

Isolated teeth were excluded from the cranial skeleton. F: front limb bones. H: hind limb bones.

Long bones rarely appear complete; usually either their proximal or distal shafts occur.
The fusion stage of the epiphyses indicates that sub-adult individuals, younger than nine
months of age (Rogers, 1982), are present. Fragments of proximally or distally unfused diaphyses are more frequent than those that had already fused. At least three of the ten individuals are new-borns. Ulnae (N = 16) and pelves (N = 14) are the most common skeletal elements.
Nearly 60% of the rabbit remains show slightly eroded surfaces, but there is no evidence
that they were gnawed or digested, nor is there a bias towards particular skeletal elements, as
would be expected had they derived from scavengers’ accumulations (Schmitt, 1995; Calzada
and Palomares, 1996; Hockett, 1995, 1999). Only one long bone fragment (L19.32) seems to
have been partially in contact with fire.
In short, most of these remains probably came from animals that died naturally and
became incorporated into the sediment.

Conclusion
Animal bones in the disturbed deposits overlying the Lagar Velho child’s burial do not
appear to have any direct relation with it. The action of scavengers is evident in the gnawed,
semi-digested bones and in the coprolites. A small number of partially burnt remains (a rabbit
long bone, a wild boar second phalanx, and three unidentified fragments) suggests derivation
from anthropogenic deposits. Since the assemblage is not in situ, nothing can be said concerning the proximity of the burnt remains, in space or time, with the burial event. The most
likely explanation is that they derive from the overlying Gravettian and Solutrean deposits preserved in the hanging remnant, which are very rich in charcoal and burnt bone. Small vertebrate species suggest proximity to the river and a wet environment. No further interpretations
can be made from such a sample.

Assemblage 2, from in situ Deposits at Burial Level
This assemblage comprises 1091 animal remains recovered from the sediments of the
burial pit and immediately surrounding it at the same elevation. The undetermined fraction
represents 73% of the sample. It comprises more than 91% of comminuted fragments that
could not be recognised anatomically and which were recovered thanks to the intensive sieving. Red deer, horse, rabbit, amphibians and four species of rodents are the taxa represented
in the 27% of bones that were identified to species (Table 8-2). This composition is basically
identical to that of Assemblage 1.
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Although the rodents present are burrowing animals, they do not seem to have caused any
disturbance to the burial. No partial or whole skeletons were recovered, only isolated bones and
teeth. Nine of them had been digested, so they are likely natural components of the sediments
in which the burial pit was excavated. They could be related to avian predators living or nesting
in the rockshelter (Plug, 1978; Dodson and Wexlar, 1979; Andrews, 1990; Hockett, 1996). The
tiny fish vertebra recovered (L20.630) probably has a similar origin. It was not possible to identify any of the five bird remains.
Within the unidentified fraction, fragments of large-sized mammals dominate over
medium-sized and, as mentioned previously, minute unidentifiable bits stand out. One long
bone of a medium-sized mammal (L20.351) and two unidentified remains showed a very
thin and porous cortex, as if they have been chewed. Six tiny fragments (L20.301, L20.586)
and one proximal humerus (L20.396) of rabbit were burnt. The former come from sediments from the NW and NE quadrants, which for the most part comprise areas outside the
burial pit. Given that the limit between levels 1 and 2 was set on an artificially horizontal
plane, defined when ochre staining began to emerge, it is very likely that those semi-digested and minute burnt fragments are still part of the disturbed sediments above the burial and
not part of the in situ deposits containing them. The possibility that the small-sized burnt
elements are a natural component of the sediments, reflecting the accumulation in the shelter of material derived from eroded deposits previously accumulated elsewhere in the valley,
or above the cliff, cannot be ruled out. As far as the burnt rabbit proximal humerus
(L20.396) is concerned, it was recovered from the sediments that contacted the back wall at
the southeast corner. The profile separating L20 from L21 was for the most part made up of
disturbed sediments; so, again, this burnt rabbit piece is likely related to the overlying disturbed deposits and not with the burial context.
Three percent of the undetermined minute remains, as well as a large-sized mammal
thoracic vertebra (L20.417, spit 3, SW quadrant) located by the feet of the child, were stained
with ochre.

Red deer (Cervus elaphus)
Six red deer bones and two teeth were recovered from the sediments associated with the
child’s skeleton. Two of them, a distal left tibia (L20.30, spit 2, NE quadrant) and a left os malleolus (L20.101, spit 2, SW quadrant), were recovered at the top of spit 2, slightly above the child’s
body, in contact with the ochre stain which started to become visible at that elevation; accordingly, these two bones presented ochre stains. The distal breadth of the tibia (Bd: 49.83 mm)
falls within Iberian Upper Paleolithic known ranges (Mariezkurrena and Altuna, 1983).
A male right pelvis (L20.33, spit 2, NE quadrant) was in contact with the child’s right thorax (Fig. 8-2). Its surface is well preserved, but it was recently broken and some of its fragments
were displaced eastward (L20.43, L20.46, L20.127). It was radiocarbon dated to 24 660 ± 260
BP (OxA-8421). Two fragments of a second pelvis (left-sided; L20.416, L20.418, spit 2, SW
quadrant), slightly more eroded, were located by the feet (Fig. 8-3). Recent breakage prevents
us from sexing it with certainty, but the thickness of the acetabulum wall indicates that it probably belongs to a male. Morphological differences evident in the ramus of the ilium and the
acetabulum suggest that these pelvic elements, although both male and from different sides,
cannot belong to the same individual.
One sesamoid (L20.305, spit 2, NE quadrant), a third phalanx (L20.2) used as a sample
for radiocarbon dating (OxA-8423, 24 520 ± 240 BP; see Chapter 7), a right lower third molar
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– Male red deer right pelvis recovered in contact with
the child’s right thorax.
FIG. 8-2

FIG. 8-3

– Male (?) red deer left pelvis recovered at the child’s

feet.

with wear on the third cusp (L20.32, spit 2, NW quadrant) and a tooth fragment (L20.718, spit
2, NW quadrant) complete the red deer bone sample in Assemblage 2. All four come from sediments at the same elevation as the burial pit but clearly outside it.
None of these bones shows evidence of anthropic manipulation; they are not burnt and
have no butchery marks, neither do they display gnawing marks that could point to accumulation by scavengers, as suggested for Assemblage 1. They were distributed around the child’s
body at the topographical level of the sediments stained with ochre, apparently lacking any
anatomical relationship between them.
Red deer bones occur in the three assemblages described in this chapter, and they were
recovered from the other archeological contexts present in the site (see Chapter 6). Thus,
remains of this species are common in the rockshelter’s fill. Scavengers and humans are potential responsible agents for the accumulation of animal bone debris in archeological contexts
(Brain, 1981). However, it is not always easily recognisable from which of these agents it
derives. Also, one cannot forget that the location of the shelter, inside a deep canyon with a river
flowing through it, would have attracted animals looking for refuge, whose carcasses, after
death, would have become natural components of the sediments.
In this framework, the hypothesis that these red deer remains are a natural component of
the deposit cannot be rejected on pure archeozoological grounds. But were the two pelves
intentionally placed next to the child’s body? The merits of this hypothesis must be evaluated
on an archeological basis (see Chapters 3 and 11).
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Horse (Equus sp.)
A very eroded fragment of a first phalanx (L20.503, spit 2, NE quadrant) was recovered
from sediments at the same topographical elevation as those stained with ochre but outside
the burial pit.

Rabbit (Oryctolagus cuniculus)
The sample of 261 rabbit bones includes skeletal elements from nearly the whole skeleton (Table 8-3). There seems to be a decline in the relative frequency of upper limb bones with
respect to Assemblage 1 (Table 8-3), also reflected in a smaller estimated MNI (Table 8-2).
Metapodials, phalanges and cranial elements were the most abundant.
Thirty-seven of these fragments had ochre and were recovered mainly from between the
child’s lower limbs (Table 8-4). A detailed description of these rabbit bones follows in order to
aid our understanding of their relation to the burial.

Table 8-4
Rabbit bones covered with ochre and their location in relation to the child’s burial.
Bone

Location

• one right mandibular fragment
• three complete thoracic vertebrae
• twelve semi-complete ribs
• ten rib fragments
• five complete lumbar vertebrae
• one sacrum
• one right pelvis
• one right proximal tibia
• one left metatarsal 4
• one metacarpal
• one third phalanx

• near left temporal
• two between femora, one between tibiae
• eleven between lower limbs, one in abdominal region
• between lower limbs
• over and between lower limbs
• over ilium
• by left shoulder
• between femora
• by right radius and ulna
• by right femur
• between lower limbs

Four out of five lumbar vertebrae were semi-articulated, resting on their ventral sides and
with their dorsal epiphyses southwards. One was on top of the child’s right fibula, a second on
top of the right tibia and the other two between both tibiae. The fifth lumbar vertebra was recovered in the screening of the NW sediments. They all presented fused dorsal and unfused caudal epiphyses. Thus, it is assumed that this fifth specimen, although not articulated with the
others, was part of the same vertebral column. The epiphyseal fusion stage indicates that they
did not belong to a fully mature individual.
Next to the lumbar vertebrae, between the tibiae, there was a thoracic vertebra resting on
its caudal side. It was dorsally fused but caudally unfused. The other two thoracic vertebrae
were located between the child’s femora and while one presented the same epiphyseal fusion
stage as that mentioned, the second showed the caudal epiphysis fusion line nearly closed.
Their location and the ochre coloration suggest that they can be related to the lumbar vertebrae.
Eleven semi-complete ribs were also recovered between the child’s lower limbs and an
additional one was recovered from screened sediments from the child’s abdominal region.
They are described as semi-complete because their head (caput costae), neck (collum costae)
and tubercle are preserved, enabling them to be counted as individual ribs. They present
recently broken bodies to which the 10 rib fragments recovered probably belong. It is worth
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noting that ribs articulate with thoracic vertebrae. Therefore, if there are twelve ribs, we
could assume that at least six thoracic vertebrae were associated with them.
As mentioned above, only three ochre
stained thoracic vertebrae were recovered
between the child’s lower limbs. Among the
rest of the rabbit assemblage from the burial
level there are three more complete thoracic
vertebrae. One was recovered from below the
feet and the other two from the screened sediments. It cannot be ascertained whether they
are all related, but there is a strong possibility that, once there was no tissue holding the
ribs to the vertebrae, localised micro-disturbance that did not affect the integrity of the
8-4 – Rabbit ochre-stained sacrum located on top of the
burial at a macro level occurred, resulting in FIG.
child’s ilium.
a slight displacement of these remains.
The same disturbance may have been responsible for disarticulation and displacement
of the nearly complete sacrum recovered over the child’s ilium. It was resting on its ventral
side, totally ochre stained (Fig. 8-4) and with its cranial epiphysis towards the west. Although
it cannot be confirmed, it most probably belonged to the lumbar region of the vertebral column described above.
Between the femora there was a fragmented, proximally fused rabbit tibia. It is the only
rabbit long bone element covered with ochre, apart from the whole left fourth metatarsal and
second metacarpal found between the child’s ilium and his right hand. A third phalanx was
also recovered between the lower limbs. A small fragment of the right ilium of a rabbit was
located by the left shoulder area. A right mandibular fragment (Fig. 8-5) was recovered near the
child’s left temporal. These two items complete the list of ochre-stained rabbit bones.

FIG. 8-5

– Rabbit mandibular fragment recovered near the child’s temporal.
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The estimated MNI of four was gained from three sub-adult humeri and various single
skeletal elements of a neonate. None of the rabbit bones showed gnawing, digestion or butchery marks; they are extremely well preserved. There is no doubt that several rabbit carcasses
were natural components of the deposit but one of them, represented by the described semiarticulated vertebral column, may have been placed on purpose across the legs of the child at
the time of burial. Different lines of evidence can be presented in favor of this hypothesis.
First, burrowing by this animal after burial is very unlikely since the child’s skeleton was
undisturbed. It has been inferred that the child was wrapped in a shroud (see Chapters 3 and
11). If the rabbit came in when this was still intact, little time after the burial, one could explain
why the child was not affected. However, the dead rabbit skeleton would then have decayed and
scattered freely in the sediment, as happened to the other rabbit carcasses, and the probability
of finding a semi-articulated vertebral column would have been infinitesimal. On the other
hand, if the shroud had already decayed, burrowing would have inevitably affected the disposition of the legs, which were in pristine anatomical position (see Chapter 11). Therefore, the evidence points to the rabbit entering the deposit as dead meat, and not on its own.
Second, one can attempt to understand the distribution of rabbit bones stained with
ochre within the burial context. It may be claimed that they do not belong to a whole carcass
but that they represent several already processed selected portions. However, none of the
bones show cut marks and as some non-stained fragments were found close to others that
were stained (such being in particular the case with a nearly complete left mandible in the
region of the child’s lower limbs), the position of these remains is more likely due to
localised disturbances at the micro level. Such processes would also explain why some of the
smaller child’s bones were non-stained or missing. Thus, it is impossible for us to ascertain
which of the stained and non-stained rabbit bones belong to the same individual, with the
exception of those that were semi-articulated. But the only way to explain the partial association of the rabbit is that it was placed over the child and protected much as it was, i.e., sealed
under sediments placed over the pit as part of the interment process.

Conclusion
The faunal assemblage recovered from the sediments of the burial pit is very different
from that described for the overlying disturbed deposits. Most of the rabbits appear to be natural components of the sediment in unit L20 and, with the possible exception of the two pelves,
the same seems to apply to the red deer bones. Some of the rabbit bones were colored by the
ochre covering the child’s skeleton. In particular, the lumbar portion of a rabbit vertebral column located between the lower limbs and over the child’s ilium was highly stained. Its semiarticulated condition, and the recovery of other rabbit bones partially stained and displaying a
similar stage of epiphyseal fusion, support the hypothesis that a dead immature rabbit was
placed in the burial over the child’s legs, probably as an offering.

Assemblage 3, from in situ Deposits Underlying the Child’s Burial
A total of 1479 fragments (Table 8-2) were recovered from in situ deposits below the
burial. These sediments are part of the geoarchaeological complex (GC) gs (see Chapter 4).
Over 46% of the remains were identified to species. There is an evident decline in the number of undetermined small fragments recovered, which can at least in part be explained by
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the different sieving procedure followed in the excavation of these deposits. However, no significant change occurs as far as the mammal species present are concerned. Rabbit maintains its dominance, followed at a distance by red deer. Horse contributes with a single
remain, and two carnivores are present.
The greater variation is observed among the small vertebrate assemblage. Shrews
(Crocidura sp.) and reptilian remains are recorded for the first time. This is interesting since
the sieving procedure used, which was not intended to achieve the systematic recovery of
small vertebrates, introduced a clear bias against the smallest skeletal elements of the smallest species (Payne, 1975; Stahl, 1996). The increase in recorded taxa can be accounted for by
the larger volume of processed sediment, which is reflected also in the larger total number
of recovered remains (Table 8-2).
Twenty-six percent of the identified small vertebrate remains were digested. In particular, the rodent sample shows the highest frequency (50%). This situation indicates the
action of predators (Mayhew, 1977; Andrews, 1990) and shows that they were at least in part
responsible for their accumulation. The four fish remains (three vertebrae and a spine) probably have a similar origin.
As noted for the other assemblages, the reduced sample size prevents us from making
a paleoecological interpretation of these remains.
None of the eleven bird bones was identifiable to species. They were mainly vertebrae,
long-bone fragments and third phalanges.
Within the undetermined fraction, digested fragments represent 3.5%, which indicates
that not only the small vertebrates were predated but also that scavengers visited the rockshelter. There are 19 undetermined small black burnt fragments (L20.134, spit 4, SW quadrant; L20.555, spit 4; L20.1003, spit 2a, SW quadrant). Given their small size, they could be
part of the sediments accumulating into the shelter from above the cliff or from the shelter
located at a higher elevation east of the waterfall; these minute burnt bone fragments probably relate to human activity elsewhere in the valley or to local fires. In other words, they are
inherited with the sediment; otherwise, larger pieces of burnt bone, as is the case in square
J13 levels dated to ca.23 kyr BP or after, would have occurred (see Chapters 3 and 6).

Red deer (Cervus elaphus)
The assemblage of 18 fragments is heavily biased towards the lower parts of the limb bones,
in particular phalanges (N = 9). Three metapodial diaphyses (L20.188, spit 4, NE quadrant;
L20.206, spit 4, NW quadrant; L20.354, spit 4, NE quadrant), one tarsal (L20.342, spit 4), a left
iliac fragment (L20.349, spit 4, NE quadrant), a distal unfused radial epiphysis (L20.130, L20.131,
spit 4, NE quadrant), two mandibular fragments (L20.505, below child’s thorax; L20.1005, spit
4a, NW.NE quadrants), and an incisor (L20.144, spit 4, SW quadrant) complete the sample.
The MNI of two was derived from the mandibular fragment with an adult dentition found
below the child’s thorax and at least one juvenile third phalanx.
It stands out that 25% of these bones were heavily gnawed and probably semidigested.
Carnivore tooth puncture marks were clearly evident in one metatarsal diaphysis (L20.206, spit
4, NW quadrant) recovered from the sediments below the child’s lower limbs (Fig. 8-6), and at
least three of the phalanges were thoroughly chewed. Among the bones recorded as large-sized
mammal there was one digested tarsal, probably from red deer, and two long-bone fragments that
were thoroughly gnawed. However, these remains lack the characteristic shine derived from scavengers’ digestion (Sutcliffe, 1970; Richardson, 1980; Haynes, 1980, 1983) and instead present a
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very eroded smooth surface with rounded
edges that is also evident in the articular surface of three third phalanges. This preservation
state probably relates to erosion caused by running water (Lyman, 1994; Fisher, 1995). Either
part of this assemblage was transported
by water from some other deposit or it was
eroded by water seeping through the sediments. In any case, the heavy gnawing suggests that it is part of a scavenger accumulation
and does not have an anthropic origin.
The only measurable bone was a second phalanx (GL: 42.3 mm, Bp: 20.4 mm,
SD: 15.2 mm, Bd: 18.0 mm).

– Red deer heavily gnawed metatarsal diaphysis
recovered from sediments below the child’s lower limbs.
FIG. 8-6

Horse (Equus sp.)
A small fragment of a metacarpal shaft is the only element of this species.

Rabbit (Oryctolagus cuniculus)
Once more, this is the dominant species, not only by number of fragments but also by
MNI (= 14). Whole skeletons are represented, although none of the remains was articulated.
Femora (N = 30) and tibiae (N = 28) are the most abundant bones, if phalanges and isolated teeth are excluded. Fusion stage of proximal and distal epiphyses of the long bones indicates that seven of the minimum number of individuals was immature.
Two percent of the bones display little puncture marks. They were observed on three
proximal and one distal femur (L20.1002, spit 1a, SE quadrant; L20.1003, spit 2a, SW quadrant), on a distal tibia, on three pelves (L20.1004, spit 2a, SE quadrant; L20.1005, spit 4a,
NW.NE quadrants), and on a mandibular fragment (L20.1003, spit 2a, SW quadrant). In most
instances, it was just a single puncture either on the anterior or posterior side of the bone.
The pelves were punctured behind the acetabular fossa. In addition, two skull fragments and
one distal radius (L20.1003, spit 2a, SW quadrant) show signs of digestive damage. Hockett
(1991, 1999) has described these kinds of marks as resulting from birds of prey or carnivores
feeding on rabbit carcasses. The sample size is too small to characterize these remains as the
debris of one or another type of predator. Both appear to have been present in the rockshelter and to be partly responsible for the small vertebrate and red deer samples.

Carnivores
Three fragments of at least two carnivores were recovered from the in situ deposits
below the child’s burial. While a third phalanx and a root fragment belong to a mediumsized animal, there is also a small carnivore represented by a humeral shaft. It was not possible to identify these fragments to species.
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Conclusion
The relatively high frequency of gnawed and digested bones in the whole sample,
including identified and unidentified remains, is the main characteristic of Assemblage 3.
Avian predators and mammal scavengers seem to have used the rock-shelter to accumulate
debris from their prey. Taphonomic processes related to running water explain the eroded
condition of part of the red deer sample. It was against this natural faunal background that
the child’s burial pit was excavated.

General Conclusion
Faunal assemblages 1 and 3 are unrelated to the child’s burial. Assessing the importance of the species represented is hindered by the small sizes of the samples. Besides rabbit, whose interpretation is always problematic in archeological contexts due to its burrowing habits, red deer appears to have been the other more common species in the surroundings of the site. Their remains were the most numerous after those of rabbits. Horse, medium and small carnivores are the other taxa identified. Small vertebrates are well represented by amphibians and rodents. Among the latter, species related to wet environments, such
as those that would have existed next to the margins of the river, predominate.
Only some of the faunal elements found at burial level in Assemblage 2 can be securely associated with it. The semi-articulated condition of the rabbit vertebral column found
across the child’s legs, as well as the ochre staining of bones representing the other skeletal
parts and displaying a similar stage of epiphyseal fusion recovered with the child’s skeleton,
suggest that a dead immature rabbit was part of the burial. It most likely represents an offering. The hypothesis that the two red deer pelves are also associated with the burial rests on
the archeological arguments presented in Chapters 3 and 11.
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chapter 9

| The Anthracology of the Burial

❚ PAULA F. QUEIROZ ❚

A few charcoal fragments were found in the Lapedo child burial, near the foot bones
(excavation number L20.25). Five of these fragments were the object of an anthracological
analysis, following the standard analytical procedure: the charcoal fragments were broken by
hand to permit the observation, with a reflected light optical microscope, of the wood structure according to the three diagnostic sections.

Wood description
The five fragments shared the same morphological structure (Fig. 9-1).
Transverse section: Not observed.
Tangential section: Rays uniseriate with up to four (maximum six) cells high.
Radial section: Wood without vessels. Large uniseriate circular bordered pits on the longitudinal tracheid walls. Rays heterogeneous, with square cells in the center. Marginal
ray-cell walls with rather faint to indistinct dentations. Radiovascular pits large, fenestriform, one (rarely two) per each cross field.

Wood identification
The morphological characters observed permit the identification of the charcoal wood
fragments as belonging to Pinus sylvestris L. (scots pine).

Comments
The charcoal fragments were very poorly preserved, being rather difficult to manipulate
and to break into suitable pieces without reducing them to powder. Description of all wood
sections was not possible, and the cross section could not be observed. Therefore, description and identification were based only on the features visible in tangential and radial sections. However, the diagnostic value of the characters observed was sufficient for a secure
wood determination.
The strong morphological similarity shown by all five fragments analyzed suggests that
these belong to the same wood stem. This stem was dated by the GrA-13310 radiocarbon date
(24 860 ± 200 BP), obtained from a subsample of the analyzed material.
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2

1

– Pinus sylvestris L. (scots pine):
1. Radial section, overall view (aprox. x 200);
2. Radial section, large fenestrate radiovascular pits
(aprox. x 400);
3. Radial section. Circular bordered pits on tracheids walls
(aprox. x 400).

FIG. 9-1

3
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chapter 10

| The Body Ornaments Associated
with the Burial

❚ MARIAN VANHAEREN ❚ FRANCESCO D’ERRICO ❚

Six personal ornaments are associated with the Lagar Velho 1 child, four red deer canines
and two Littorina obtusata s.l. shells (Figs. 10-1a and 10-2). Only one of these objects, the complete Littorina shell (Fig. 10-1a, no. 5), was found in situ near the cervical vertebrae of the child
(Duarte et al., 1999; Chapters 3 and 11). The interpretation of the red deer canines as grave
goods is based on their association with the skull fragments scattered by the earth removal to
the east of the burial and their heavy staining with the same bright red ochre visible on the
Littorina found in situ and on the human remains (Trinkaus et al., 2001; Zilhão, 2001b;
Chapters 3 and 11). The broken Littorina (Fig. 10-1a, no. 6), which so far had not been mentioned
in the literature, was found in the same square as the other Littorina, but a few centimeters
above the skeleton; it also shows the red ochre staining characteristic of the burial context.
The first aim of the present study is to explore the significance of the ornaments associated with the child through an archeozoological, technological, functional and morphometric analysis of these objects, the result of which we interpret in the light of actualistic and
experimental data. Primary burials offer the advantage of being intentional, virtually instantaneous deposits that guarantee that the associated type of beads (raw material, color,
species, shape, size, etc.) found therein and the techniques used to manufacture such
objects were all part of the material culture of the mourners. Ethnographic data indicate that
individual beads, the most common occurrence in excavations, rarely convey meaning
(Fisher, 1984; Dubin, 1987; Sciama and Eicher, 1998). It is the combination and arrangement of several different beads and their positioning on the body (hair ornaments, bonnets,
chokers, necklaces, pendants, bracelets, belts, anklets, garment decoration, etc.) that are
important and available to us through the study of purposeful deposits such as pit contents,
occasionally lost complete ornaments and, as is the case here, primary human burials
(d’Errico and Vanhaeren, 2000, 2002; Vanhaeren and d’Errico, 2001, n.d.). The combination of data on the selection, source, production, assembly, manner of wearing and degree
of use of the personal ornaments from the Lagar Velho burial may therefore provide valuable insights into the role played by beadworking and by the body decoration of young children in earlier Upper Paleolithic societies.
The second aim is to discuss the cultural affiliation of the child by comparing the Lagar
Velho grave goods with those associated with other burials dated to the earlier Upper
Paleolithic or to personal ornaments recovered from contemporary living sites. Given the circumstances of the discovery (removal of upper layers) and the archeological context of the bur-

FIG. 10-1 – a: personal ornaments associated with the Lagar Velho burial (1. right hind canine; 2. left hind canine; 3. right stag
canine; 4. left stag canine; 5. Littorina obtusata s. s. found in situ; 6. L. obtusata s.l. found a few centimeters above the
skeleton); b: personal ornaments from the Lagar Velho habitation levels (1. right hind canine from disturbed, post-terracing
surficial deposits in square J11 (Late Gravettian?); 2-3. left and right canine from the same stag found in situ in the upper ms
complex (Late Gravettian); 4. broken L. obtusata s.l. from disturbed, post-terracing surficial deposits in square I12 (Late
Gravettian?); 5-6. L. obtusata s.l. from level 7a of the hanging remnant (Terminal Gravettian through Middle Solutrean);
c: L. obtusata s.l. from the Middle Solutrean levels of Lapa do Anecrial; d: personal ornaments from Caldeirão (1-2. right hind
and stag canines from Solutrean level H; 3-10. L. obtusata s.l. shells from Magdalenian level Eb; 11-30. L. obtusata s.l. shells
from Solutrean levels Fa through H; 31-33. L. obtusata s.l. shells from Early Upper Paleolithic levels Ja and Jb).
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– Personal ornaments associated with the Lagar Velho child. Top: red deer canines, Bottom: Littorina obtusata s.l.
shells. Scale = 1 cm.
FIG. 10-2

ial (absence of underlying and enclosing archeological layers), the grave goods are virtually the
only clues that may attribute the child to a specific cultural tradition.
These objects also are of particular interest given the interpretation of the child’s skeletal morphology as a mosaic of Neandertal and early modern human features (Duarte et al.,
1999; Chapter 32). Material culture is not determined by biological affiliation, as is demonstrated by early modern humans using a Mousterian technology in the Near East
(Vandermeersch, 1981; Trinkaus, 1984a; Bar-Yosef and Kuhn, 1999) or Neandertals producing Upper Paleolithic-like bone tools and personal ornaments (Vandermeersch, 1984;
Hublin et al., 1996; d’Errico et al., 1998, n.d.; Zilhão and d’Errico, 1999). The Lagar Velho
1 grave goods, however, represent the only features of the burial enabling us to combine biological and cultural evidence in order to model population interaction patterns. For instance,
grave goods associated with a child carrying Neandertal genes, if similar to those found in
contemporary early modern human burials, can be interpreted as attesting that gene flow (if
present) did not lead to a durable absorption of Mousterian traditions; if revealing some
degree of inheritance of Mousterian burial practices, they can instead be considered as evidence of extensive cultural synergisms.

Comparative Material
Six modern reference materials and five archeological collections provided the analogues used to interpret the results of our analysis of the child’s personal ornaments. The
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modern material includes two collections of red deer canines from Britain, studied by us to
identify criteria for the aging and sexing of animals based on these teeth (d’Errico and
Vanhaeren, 2002). The first collection consists of 249 pairs of permanent canines including
134 hinds and 115 stags covering all age classes taken from a population of red deer living on
the island of Rhum, Scotland (Clutton-Brock et al., 1982). For 144 pairs, the exact dates of
birth and death of the animal are known. For 20 others, age is known to the month. For 50
additional pairs, the age can be estimated within 6 months. The second collection includes
48 pairs of permanent canines that belonged to 25 hinds and 23 young stags from Richmond
Park, England. Forty-five pairs come from animals of an age known at the month level; three
are of unknown age.
The third modern collection, kept by Maria Cândida and Maria Isabel Consolado
Macedo (Consolado Macedo et al., 2000), is composed of 31 Littorina obtusata s.l., collected
by these malacologists on the beach between Figueirinha and Comenda, 20 km south of
Lisbon. The fourth and fifth collections include Littorina obtusata s.l. gathered on two
Atlantic beaches on Noirmoutier Island, Morbihan, western France: the Plage du
Bonhomme (236 specimens) and the Plage de Souzeaux (75 specimens). The sixth collection, composed of 146 Littorina obtsata s. l., comes from the beach of La Morelière on the
Oléron Island, Charente-Maritime, western France. These collections probably include not
only L. obtusata but also specimens of the sister species L. fabalis (see Reid, 1996 for the taxonomic history of the two species). Since these two sympatric species are difficult to distinguish from the shell alone, even for specialists, and impossible to differentiate when integrated in a beadwork, we have collected a complete thanathocenosis of Littorina obtusata s.l.
Such a thanatocenosis more likely represents that used by Paleolithic beadmakers than one
composed of a single species.
Where archeological materials are concerned, we use data from the two largest Upper
Paleolithic collections of red deer canines used as personal ornaments and discovered in
funerary contexts: the 196 perforated canines from the multiple burials of the Aven des
Iboussières, Drôme, southeastern France, dated to 10 210 ± 80 BP (OxA-5682), that is, to
between 10 370 and 9190 cal BC (d’Errico and Vanhaeren, 2000, 2002), and the 70 canines
(Vanhaeren, n.d.) from the Saint-Germain-la-Rivière single burial, directely dated to 15 780 ±
200 BP (GifA-95456), that is, to between 18 668 and 16 719 cal BC (Gambier et al., 2000).
We also examined two pierced red deer canines (Fig. 10-1b, no. 2-3) found in situ in the later
Gravettian habitation levels in the upper part of the ms geoarcheological complex of the Lagar
Velho shelter, in square J9, radiocarbon dated to ca 22.5 kyr BP (see Chapters 3 and 4).
Another piece (Fig. 10-1b, no. 1) was found in the disturbed, post-terracing surficial deposits
at ground level in nearby square J11, and it is very likely to have been originally associated with
the other two. The archeological reference sample is completed with two pieces (Fig. 10-1d,
no. 1-2) from Middle Solutrean layer H of the Caldeirão cave (Zilhão, 1997; Trinkaus et al.,
2001; Chauvière, 2002), dated to 20 530 ± 270 BP (OxA-2511) and 19 900 ± 260 BP (OxA1939). The three recently published perforated deer canines from Buraca Escura (Aubry et al.,
2001) were not included in our comparative sample because our aging and sexing method
(see below) requires measurements that are not provided in that publication.
Our archeological comparative material also includes 37 Upper Paleolithic pierced
Littorina obtusata s.l. from the habitation levels of Lagar Velho and the cave sites of Caldeirão
and Lapa do Anecrial (Fig. 10-1b-d). They are for the most part of Solutrean age, with the following exceptions: three are from the Early Upper Paleolithic Ja and Jb layers of Caldeirão
(Fig. 10-1d, no. 31-33); eight are from the Magdalenian levels of this same site (Fig. 10-1d, no.
3-10); two were found together in level 7a of the Lagar Velho hanging remnant, which is part
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of the redeposited fill of an erosional feature containing both Terminal Gravettian and
Middle Solutrean material, and, hence, could belong to either period (Fig. 10-1b, no. 5 and
6); one (Fig. 10-1b, no. 4) comes from the disturbed, post-terracing surficial deposits at
ground level in square I12 of Lagar Velho and may derive from either the hanging remnant
or the adjacent in situ habitation levels which yielded the red deer canines in square J9.
Given the stratigraphic context, the latter three L. obtusata shells from Lagar Velho can in
any case be securely dated to between ca.22.5 and ca.20 kyr BP (see Chapters 3 and 4).
In order to compare the grave goods of the Lagar Velho 1 child with those associated
with Middle and Early Upper Paleolithic burials, we compiled a database from a variety of
sources (May, 1986; Binant, 1991; Giacobini, 1999; Svoboda and Vlček, 1991; Palma di
Cesnola, 1993) and, where possible, cross-checked this information with recent reappraisals
of the inhumations (Bouchud, 1966; Bietti, 1987; Gambier, 1989; Henry-Gambier, 2001;
Jelínek, 1991; White, 1999; Giacobini and Malerba, 1992; Pettitt and Trinkaus, 2000;
Richards et al., 2001). A number of purported burials were excluded from the database
because either their burial status is questioned or their attribution to the earlier Upper
Paleolithic is uncertain. The former is for example the case with the Marronnier child
remains (Gambier, pers. comm.), the latter is the case with the Combe Capelle and Le
Figuier burials (Asmus, 1964; Gambier, 1989, pers. comm.). Following this critical assessment of the evidence, our database includes 58 Mousterian burials from 19 sites located in
the Near East (7), eastern Europe (3) and western Europe (9), and 71 earlier Upper Paleolithic
burials from 25 European sites (Fig. 10-3). Five direct and 23 indirect C14 dates chronologically situating 24 of the Upper Paleolithic burials were also taken into account. A second
database assembles data on the occurrence of the different species of shells used as ornaments from 216 Upper Paleolithic occupation sites in Western Europe.

FIG. 10-3

– Location of Middle (black dots) and Early Upper (white dots) Paleolithic burials with grave goods.

Analytical Procedures
To sex and age the archeological red deer canines we used critera established by
d’Errico and Vanhaeren (2002).
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Red deer canines show a high degree of sexual dimorphism, which makes it relatively
easy to distinguish stags from hinds. In lingual and buccal views, stag canines are wider
than those of hinds. The crown has a globular shape in young stags that tends to become triangular in older animals. In contrast, crowns of young hinds are pointed and show a protuberant disto-linguo-cervical lobe (DLCL), a prominence located on the posterior edge of the
lingual side of the crown. They become rectangular in old adults. Canine roots of stags are
square or trapezoidal in shape, while those of hinds are rectangular or V-shaped. The ratio
of the root width against the root thickness also allows sex identification as the former is
always more than twice the latter among stags and less so among hinds.
Aging canines requires recording five morphological and nine metrical variables.
Morphological variables include five stages of occlusal wear, three stages of development of the
root, the state of calcification of the pulp cavity, and the removal by wear of the DLCL. Metrical
variables are crown and root length, width and thickness, plus length and width of the wear
facet. Accuracy of age estimation from morphological variables varies according to the sex and
the age class of the animal. Wear-age correlation is relatively precise for young individuals of
both sexes (error of 1-2 years) and for old hinds (ca 1-2 years). They are less precise for adult and
old stags (ca.3 years), and particularly for adult hinds (ca.5 years). A more accurate age estimate
is obtained by combining this information with morphological attributes.
A complementary method for aging canines uses metric variables in a multiple regression equation that predicts, for 80% of the cases, the age of hinds with an error of less than
4 years, and that of stags with an error of less than 2.5 years. Comparison of modern
canines from different individuals also shows that each pair has distinctive shared morphological features making it possible, with a little training, to identify two canines belonging to the same animal. To identify such pairs, one needs first to distinguish left from right
canines by observing the root-crown curve (in buccal view, a right canine is curved to the
right, a left canine to the left), then to compare left and right canines looking for similar
morphologies.
For the Littorina shells, we recorded the shell length as well as the width of the first spiral whorl (Fig. 10-4) on both the archeological and the reference materials. The latter measure
was taken to allow comparison between the broken Littorina from the burial context and modern and archeological reference material. Additional qualitative and quantitative variables

FIG. 10-4

– Measurements taken on the Littorina obtsata s.l. shells.
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recorded on archeological canines and Littorina obtusata s.l. shells are the perforation technique, the maximum and minimum diameter of the perforation, the location of use wear, and
the occurrence of other natural or anthropic modifications. All archeological specimens were
digitized with a scanner or a digital camera and examined with a low powered optical microscope. Relevant microscopic features were recorded with micrographs. Measurements were
taken with a digital caliper with an accuracy of < 0.1 mm.
When we started our study, the roots of three canines (Fig.10-1a, nos. 1, 2, 4) were covered by a thick coating of red colorant rich in black metal-looking spheroids up to 200 µm
in diameter that prevented us from recording the root size and examining anthropic modifications. We gently removed this coating under the microscope using a wooden toothpick,
took photographs at regular intervals, and collected the microresidues for future analysis.
A soft paintbrush and distilled water were used for final cleaning.

Lagar Velho burial
Lagar Velho habitation
Caldeirão
Aven des Iboussières
Saint-Germain-la-Rivière necklace
Saint-Germain-la-Rivière burial

– Scattergram of length against width of stag (top) and hind (bottom) canines from the Lagar Velho burial and five
other Paleolithic collections.
FIG. 10-5
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Results
The Red Deer Canines
Age and Sex Identification
The four teeth used as pendants are a right (Fig. 10-1a, no.1) and a left canine (Fig. 101a, no.2) from two different hinds and a right (Fig. 10-1a, no. 3) and a left (Fig. 10-1a, no. 4)
canine taken from two different stags. The hind canines come from old animals, the right
from a 17 year old animal and the left from a 14 year old animal. The stag canines were taken
from a young animal and an adult, respectively 2.5 and 7 years of age. Of the three perforated teeth from the later Lagar Velho habitation levels, one is a right canine of an 11.5 year old
hind (Fig. 10-1b, no. 1). The two remaining teeth come from the same animal, a 9.5 year old
stag (Fig. 10-1b, no. 2 and 3). The teeth from Caldeirão are both right canines belonging in
one case to a very young hind, ca.2 years old (Fig. 10-1c, no. 1), and the other to an 8 year old
stag (Fig. 10-1c, no. 2).
Morphometric Analysis
The two stag canines associated with the child have remarkably similar dimensions
when compared with the stag canines from the Aven des Iboussières and the Saint-Germainla-Rivière burials (Fig. 10-5, top). The same applies to the hinds (Fig. 10-5, bottom). In contrast, the difference in size between the hind and the stag canines from the child’s burial is
greater than one might expect for canines randomly selected within a single red deer population. The histograms in Fig. 10-6 compare the root width of the Lagar Velho canines with that
of modern and archeological reference collections. We use the root width because it is the
only measurement informing about tooth size that is not affected by aging processes (occlusal
wear and root reabsorption) and anthropic modifications (scraping and perforation of the
root). The hinds in the Lagar Velho burial fall in the middle of the size range of the Rhum
deer of the same sex and among the smallest hinds of the Paleolithic collections. Conversely,
the size of the child’s stag canines approaches that of the largest canines from modern and
Paleolithic collections. The size difference between the hind and stag canines associated with
the child cannot be attributed to a particularly developed sexual dimorphism which would
characterize Portuguese earlier Upper Paleolithic red deer populations since robust hinds and
relatively slender stags are found both at Lagar Velho (later habitation levels) and at Caldeirão.

Technological Analysis
The two stag canines from the Lagar Velho burial were pierced by scraping both the
buccal and the lingual aspects of the root with a sharp lithic point (Fig. 10-7a-b). Their roots
were thinned by making a short groove slightly oblique to the tooth’s main axis, near the
proximal side. The absence of striations on the remainder of the root surfaces indicates wellcontrolled motions. Our experimental reproduction of this technique (Fig. 10-8a-b) reveals
that it is difficult and time consuming to preserve the tooth from striations produced by the
accidental slipping of the tool during the gauging process. It took two hours for us to pierce
the root of a stag canine with this technique while paying some attention to keep the lithic
point inside the groove in the making. It is probable that the perforations were finished
through rotation. Our experiments show that grooving by scraping results in spindle shaped
holes and that only by completing the perforation through rotation (Fig. 10-8c-d) is it possi-
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Aven des Iboussières

Saint-Germain-la Rivière

FIG. 10-6 – Comparison of the root width of stag (black) and hind (white) canines from the Lagar Velho burial, the Lagar Velho
hanging remnant and the Caldeirão site with the frequency distribution of this variable in the modern red deer population
from Rhum and in the archeological collections from Malataverne and Saint-Germain-la-Rivière.
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ble to obtain a rounded shape similar to that visible on the archeological specimens. No
traces of this technique are present on the perforations, but this is probably due to the fact
that they were obliterated by use wear (see below).
The perforation of the left hind canine (Fig. 10-7c) resulted from a vigorous scraping of
both aspects of the root executed along the main axis of the tooth and mostly with motions
going from the apex toward the crown. The irregular outline of the hole indicates that, in this
case, the perforation was not finished by rotation. The sprawling of the scraping traces all
over the root surface also reveals a less carefully made work. The remaining hind canine was
transformed into a pendant by first scraping the entire root parallel to the tooth axis (Fig. 107d) and then cutting a ring of notches near the apex (Fig. 10-10d). These notches were made
by a sharp, unretouched cutting edge, as demonstrated by their narrow V-shaped sections.
The hypothesis that the notches were made to re-use a broken pierced canine is contradicted by their location close to the apex and by the fact that there are no traces of a pre-existing
perforation. This canine was already weathered when it was transformed into a pendant. The
scraping of the root left striations on residual patches of cementum as well as on the dentine, suggesting the former had already flaked off in places when the tooth was modified.
The paired stag canines from the Lagar Velho habitation levels were perforated by first
thinning both aspects of the root surface through scraping and then enlarging the perforation
by rotation (Fig. 10-7e). Although roughly parallel to the tooth axis, the scraping marks show,
on both canines, rather variable orientations, indicating that the craftsperson continuously
changed the direction of his/her motions during the work. The hind canine from the habitation levels (Fig. 10-7f) was also perforated by scraping the root and finishing the perforation by
rotation. In this case, however, the proximal and distal aspects were also scraped, and the whole
root was submitted to an intentional polishing, possibly by rubbing it against a soft skin. Both
canines from Caldeirão were perforated by scraping the root with radiating motions. Only few
of the striations left by this technique were spared by use wear (Fig. 10-7g-h).
Perforation Size
The perforations on the three canines associated with the child, on the canines from the
Lagar Velho later habitation levels, and from Caldeirão, are relatively small in comparison
with those from the two Paleolithic reference collections (Fig. 10-9). The larger size of the
Saint-Germain-la-Rivière perforations may be in part due to the different technique (rotation)
used at this site. This reason, however, cannot explain the larger size of many Malataverne
perforations which were made by scraping, i.e., the same technique used to pierce the
Portuguese canines. The roots of the Malataverne and the Portuguese canines do not significantly differ in size (Fig. 10-6). Therefore, the smallness of the Portuguese perforations cannot be attributed to morphometric constraints. It is also worth noticing that the paired canines
from the Lagar Velho habitation levels have perforations that are rather similar in size, and
that the same applies to the small perforations on the two stags from the burial.
The dimensions, locations and techniques of the perforations, as well as the technique of
suspension, suggest that at least two, and probably three, craftspersons were involved in making
the red deer canine burial beads; the same person perforated the stag canines, a different person
one of the hind canines, and possibly a third grooved the other hind canine. Archeological perforations for which strong arguments exist in favor of piercing by a single craftsperson, such as
those on teeth with two perforations or on teeth from the same animal (d’Errico and Vanhaeren,
1999, 2002), reveal a remarkable steadiness in manufacturing traces, morphology, size and
location of the perforation. For example, the manufacturing traces left around the perforations
on the 32 paired canines identified at Malataverne are as similar to one another as are those left
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FIG. 10-7 – Perforations and grooves on the red deer canines from the Lagar Velho 1 burial (a-b: stags, c-d: hinds), the Lagar
Velho hanging remnant (e: one aspect of each of the paired stag canines, f: hind canine), and the Caldeirão site (g: hind,
h: stag).
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a

b

d

c
– Experimental perforation of the root of a stag canine through localized scraping (a: buccal aspect; b: lingual aspect)
followed by rotation (c: buccal aspect; d: lingual aspect).
FIG. 10-8
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Caldeirão level H
Lagar Velho burial
Lagar Velho upper ms complex
Lagar Velho disturbed deposit
Aven des Iboussières
Saint-Germain-la-Rivière

– Scattergram of minimum against maximum diameters of perforations on the red deer canines from the Lagar
Velho 1 burial and from four archeological collections.
FIG. 10-9

on the two aspects of the same tooth. Also, while the maximum diameter of perforations in the
whole 198 Malataverne canines varies between 1.05 and 5.56 mm, the mean of the differences
between the same variable on paired specimens is 0.18 mm, with a range between 0.01 and 0.6
mm. The same applies to the paired stag canines found in the square J9 of the Lagar Velho habitation levels. Although not belonging to the same animal, the perforations on the stag canines
associated with the child fall within the behavioral variability of a single Paleolithic craftsman.
Perforations on both canines display the same lateral location, a similar attention to avoid parasite striae during the piercing process, identical motions, and very close dimensions. The difference between the maximum diameters of the two stag canines from the burial (0.4 mm) is identical to that for the paired canines from the habitation levels.
Suspension Technique
Traces of suspension (d’Errico, 1993) are most evident on the left stag canine from the burial (Fig. 10-10a). They consist of an extensive smoothing of the perforation, which almost entirely obliterates the traces left, on both aspects of the root, by the gauging tool. The smoothing is
particularly developed on the side of the perforation near the proximal edge. Here, the thread
wore out a substantial volume of dentine, thereby enlarging the original perforation. The opposite indentations left by the wear indicate that the tooth was attached tightly on its proximal side
rather than left to swing freely. Considering their size, the indentations must have been produced by friction with a thread ca.1.3 mm in diameter. The right stag canine (Fig. 10-10b) shows
a similar, though less developed, wear, suggesting that the two canines were fixed in the same
way. They were certainly not attached together with the same thread, as this would have produced only one indentation. The use wear on the left hind canine is found on both sides of the
perforation and on both aspects of the root. This suggests that the canine was kept in place by
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d

– Use wear visible on different aspects of the red deer canines from the Lagar Velho 1 burial and reconstruction of
the probable position of the thread. Arrows indicate friction area.
FIG. 10-10

threads pulling horizontally and from opposite directions (Fig. 10-10c). The same traces, indicating a similar suspension technique, are visible on the three canines from the Lagar Velho
habitation levels (Fig. 10-11) and on the stag canine from Caldeirão (Fig. 10-7g-h). The suspension technique of the hind canine from the latter site is more difficult to identify, since its root
is homogeneously covered by a shine either due to usewear or intentional polishing. No clear
traces of wear were detected on the notched left hind canine from the burial (Fig. 10-10d).
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a

b

c

– Use wear visible on different aspects of the red deer canines recovered in the Lagar Velho 1 hanging remnant, and
reconstruction of the probable position of the thread. Arrows indicate friction area.
FIG. 10-11

The Littorina obtusata shells
Morph Identification
The complete shell found near the child was identified as Littorina obtusata sensu strictu (s.s.) instead of L. fabalis, on the basis of the combination of short spire, angled shoulder
of the whorl, and slightly constricted aperture (Reid, pers. comm.). The state of preservation
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FIG. 10-12

– Littorina obtusata s.l. color morphs from our modern reference collections.

of the broken Littorina does not allow identification to one of the two sister species to which
this flat periwinkle can be attributed. Two geographical varieties of L. obtusata s.s. are
described by Reid, retusa and palliata. The latter, occurring today only north of the Lofoten
Islands, has a turbinate shape, a projecting spire and a thinner wall which makes it different from the more globular retusa, the variety to which the Portuguese archeological specimens we have examined clearly belong.
Contrary to other shell species, the identification of the Lagar Velho shells as L. obtusata does not really tell us what the shells used as ornaments for the child did look like. Flat
periwinkles have at least nine different color morphs (Dautzenberg and Fisher, 1914; Smith,
1976; Reid, 1996) displaying totally different coloration and pattern: olivacea (olive-green to
olive-brown), reticulata (yellow to brown background with darker reticulation or zigzag
marking), citrina (yellow), fusca (dark-brown to black), aurantia (orange), rubens (red), inversicolor (two broad dark bands), zonata (single pale peripheral band), and alternata (two pale
bands). Differences in color and pattern are clearly visible on specimens collected on the
beach and may have guided the choice of Paleolithic collectors. These differences have completely faded on the archeological specimens, which show an homogeneous beige shade.
Shell size might also have mattered for Paleolithic beadmakers, as demonstrated by the
recent analysis of the shell beads associated with the buried La Madeleine child (Vanhaeren
and d’Errico, 2001). Only tiny gastropoda and short segments of scaphopoda were deliberately chosen to adorn that child.
To characterize these choices we need modern analogies. However, there is no consensus among marine biologists on the factors that determine color polymorphism and morphometric variability in L. obtusata/fabalis (cf. Reid, 1996). Such differences have been linked
to geographical variation (southern shells tend to be smaller), ecotypic variations (for instance,
degree of exposure to waves, thermal tolerance, salinity, etc.), food preferences (pigments in
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the plants on which the shells feed), natural selection in response to predation by fish, crabs
and birds, and, more recently, to genetic control. No attempt has been made by malacologists
to create data and criteria that might be used to address archeological questions such as
whether the size and color of the shells played a role in the choice of Paleolithic beadmakers.
No precise measurements of these morphs are available in the malacological literature.
Our reference collection includes seven morphs of L. obtusata /fabalis (Fig. 10-12), as
well as several “hybrids” showing an admixture of shades of different morphs. We have
enough specimens to evaluate size variability for only five of these morphs (Tables 10-1 and
10-2). Comparison of the dimensions of these forms reveals that L. obtusata/fabalis citrina
are smaller than L. obtusata /fabalis fusca (Fig. 10-13a). Citrina shells are always smaller than
13.9 mm in length and 6.8 mm in width at the first spiral whorl, while 90% of the fusca
exceed these values. A nonparametric Mann-Whitney U test confirms that a significant difference (P < 0.0001) exists between the length variance of citrina and fusca. Although the
other morphs are represented in our collection by numbers of individuals too small to make
the statistical test meaningful, we observe that reticulata seem to plot with the smaller citrina, while aurantia/rubens and olivacea have sizes similar to those of fusca.

Table 10-1
Size variation of Littorina obtusata s.l. color morphs in modern collections.
Beach
Littorina obtusata
s.l. morph

Bonhomme

Length values (mm)

Souzeaux

Morelière

Figueirinha

Total

Mean

Max.

Min.

SD

citrina
fusca
olivacea
aurantia and rubens
reticulata
alba
alternata
“hybrids”

123
72
2
–
14
4
–
21

1
60
–
8
1
–
2
2

81
14
34
12
2
1
–
1

28
–
–
3
–
1
–
–

233
146
36
23
17
6
2
24

9.7
13.7
13
13.1
10.3
–
–
–

13.9
17
16.3
15.6
13.2
–
–
–

4.8
8.9
7.4
9.3
8.2
–
–
–

1.8
1.4
2.1
1.8
1.4
–
–
–

Total

236

74

145

32

487

–

–

–

–

Table 10-2
Size variation of citrina and fusca color morphs in four localities from France and
Portugal.
Length (mm)
L. obtusata
s.l. morph

N

Mean

Max.

Min.

SD

Bonhomme
Morelière
Figueirinha

citrina
citrina
citrina

118
34
27

9.9
9.1
9.2

13.9
12.2
13.1

6.6
4.8
5.7

1.6
1.8
2.2

Bonhomme
Morelière
Souzeaux

fusca
fusca
fusca

68
9
48

14.2
14.4
13.0

16.8
17.0
15.0

8.9
13.2
10.0

1.4
1.2
1.0

Locality

The complete Littorina obtusata from the child burial, as well as the broken specimen, clearly plot outside the citrina/reticulata size range and near the mean values of the larger morphs
(Fig. 10-13b). The same applies to the two other complete shells from the hanging remnant of
the same site. With the exception of four specimens from Caldeirão, which have a size compat-
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fusca
citrina
fusca
aurantia
reticulata
olivacea

citrina

Early UP Caldeirão
Solutrean Caldeirão
Lagar Velho habitation
Solutrean Lapa do Anecrial
Magdalenian Caldeirão
Lagar Velho burial

Width
spiral
whorl

Length

– a: scattergram of modern Littorina obtusata s.l. length against width, according to color morph (confidence ellipse
= 90 %). b: comparison of the archeological Littorina obtusata s.l. size variability with the citrina and fusca confidence
ellipses.
FIG. 10-13

ible with both morph groups, the other 24 L. obtusata from this site also exceed the citrina/reticulata size range and match the size variability of the bigger morphs. The three non-perforated
shells from Lapa do Anecrial, found close to each other and near a fireplace in a single occupation layer, also have a size compatible with fusca. They differ from the Caldeirão assemblage in
their larger size-homogeneity. A nonparametric Mann-Whitney U test, comparing citrina and
fusca with the archeological specimens taken all together, reveals a significant difference (P <
0.0001) between the size of the Paleolithic shell beads and that of citrina, a difference which is
not found (P = 0.216) when the archeological specimens are compared with fusca.
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a

b

c

d

e

f

FIG. 10-14 – Experimental perforations on L. obtusata s.l. shells made by punching the body whorl through the aperture with a
bone point (a-c) and regularizing the perforation edge with a lithic tool (d). Accidental breakage of the shell is also shown,
during punching (e) and edge regularization (f).
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– Perforations on the L. obtusata shells from the Lagar Velho 1 burial (a-b: complete specimen, c-d: broken specimen),
from the Lagar Velho hanging remnant (e-f) and from Caldeirão (g-i).
FIG. 10-15
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Technological Analysis
No diagnostic traces of manufacturing techniques such as grinding, drilling, scraping
and sawing were detected on the perforations of the flat periwinkles from the burial, the
Lagar Velho later habitation levels and Caldeirão (Fig. 10-1). The only possible exceptions are
two pieces from Caldeirão (Fig. 10-1d, no 30-31), one from the Solutrean and the other from
the earlier Upper Paleolithic, which show traces of scraping near the perforation. It is likely
that all the other shells were perforated by punching the body whorl through the aperture
with a pointed tool and that in some cases the resulting hole was finished by blunting the
perforation edge with a lithic point. Our experimental perforation of modern L. obtusata by
punching has, in most cases, produced holes with irregular outlines and the flaking of the
outer layer of the test (Fig. 10-14a-b). These experimental perforations are very similar to
those visible on a number of L. obtusata from Caldeirão (Fig. 10-1d; Fig. 10-15g-i). In a few
cases, the punching technique produced no flaking, or only a little, and holes with regular
sub-circular or elliptic shapes (Fig. 10-13c), which closely match the morphology of the perforation on both shells found with the child (Fig. 10-15a-d). The regular outline of the perforation on the complete specimen might suggest the use of a tool to regularize the edge.
However, the experimental reproduction of this technique (Fig. 10-13d) has always produced
a microchipping which is absent on both of the child’s shells.
It is noteworthy that we broke half of the flat periwinkles that we tried to pierce by
punching (Fig. 10-13e-f). The production of regular rounded perforations such as those in
the shells associated with the child requires a good control of the pressure exerted on the
shell wall and a perfect knowledge of the shell’s mechanical properties. Finally, we cannot
completely rule out the possibility that some perforations were produced by natural causes.
Among the 455 modern L. obtusata from the French localities, we found three (0.7%) natural perforations (Fig. 10-16). Two of them are much smaller than those on the archeological specimens, and the only shell from Caldeirão with a similar hole (Fig. 10-1d, no. 23) also
has a larger anthropic perforation. The remaining shell has a broken lip and a hole similar
in size and shape to the archeological perforations (Fig. 10-16c). We do not know whether
such large perforations, probably produced by predators, always occur in association with
breakage of the lip. If so, it would constitute a criterion to distinguish them from humanly
made holes. Whatever the case, the very low incidence of naturally perforated shells on the
modern collection clearly demonstrates that the large majority of the archeological perforations are anthropic.
Perforation Size and Location
The perforation on the complete L. obtusata from the burial is similar in size to those
found in the complete specimens from the site’s Terminal Gravettian or Middle Solutrean levels and from the early Upper Paleolithic levels of Caldeirão (Fig. 10-17). Its size falls in the middle of the range of the Solutrean perforations from Caldeirão. In contrast, the perforations on
the Magdalenian flat periwinkles from this last site are comparatively smaller than those attributed to earlier technocomplexes. Only the analysis of a larger sample would establish whether
this difference in size is distinctive of the Magdalenian. What is clear is that the smaller size of
the Magdalenian perforations does not correspond to a change in their location; the distance
between the perforation and the aperture is highly variable in both Solutrean and Magdalenian
shells (Fig. 10-18). Interestingly, however, the perforation of the Littorina in the burial is closer
to the aperture than all the other perforations in the studied collection. This does not relate to
the size of the shell or the perforation, since no correlation is observed between these two variables and the distance between the perforation and the aperture.
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a

FIG. 10-16

b

c

– Natural perforations on modern Littorina obtusata s.l.

Lagar Velho burial
Lagar Velho habitation
Early UP Caldeirão
Solutrean Caldeirão
Magdalenian Caldeirão

– Scattergram of minimum against maximum diameters of perfurations on the Littorina obtusata s.l. from the Lagar
Velho child burial and from four Portuguese Paleolithic collections.
FIG. 10-17
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Lagar Velho burial
Lagar Velho level 7a
Caldeirão Early Upper Paleolithic
Caldeirão Solutrean
Caldeirão Magdalenian

– Correlation between the distance of the perforation from the aperture and the length (top) and maximum diameter
of the perforation (bottom) in the Littoria obtusata s.l. from the Lagar Velho 1 burial and from four Portuguese Paleolithic
collections.
FIG. 10-18

Suspension Technique
The edge of the perforation of the complete L. obtusata from the burial is worn at the
segment closest to the aperture (Fig. 10-15a-b), indicating that the shell, like the red deer
canines, was a used personal ornament rather than just an element of a funerary dress. It is
difficult to establish from the wear whether the shell was sewn on a cloth or suspended in a
necklace. The presence of a shallow indentation in the middle of the lip, similar to that visible on the specimen from the burial, is common among modern flat periwinkles (cf. Fig.
10-14a) and does not result from wear produced by a thread.
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The Child’s Personal Ornaments in a Broader Perspective
Middle Paleolithic Grave Goods
To explore possible cultural links between the Middle Paleolithic burials and that of the
Lagar Velho child by using grave goods, one first needs to evaluate the relevance of the data
available on offerings, particularly where the earlier period is concerned. The presence of
grave goods in most Middle Paleolithic burials is indeed questionable (Table 10-3). This is
certainly related, in part, to the lack of contextual information, due to old, poorly made or
poorly-published excavations, but also to the very nature of the purported goods, which in
many cases does not seem to differ from cultural remains normally found in Middle
Paleolithic occupation layers. Only a taphonomic and spatial analysis of the archeological
assemblages from the layers in which a given burial was found might support the interpretation that, for example, a particular bone fragment or stone tool should be interpreted as an
intentional offering rather than as an intrusive piece.
The lack of such contextual data has led a number of authors to reject all Middle
Paleolithic grave goods and even the very existence of intentional burials from this period
(Gargett, 1989, 1999; Noble and Davidson, 1996; Stringer and Gamble, 1993). One must
admit, however, that, for the same reasons and the same type of potential offerings, we also
lack this level of control in the analysis of many Upper Paleolithic burials (Table 10-4). In
fact, the acceptance as grave goods of stone tools and faunal remains found in possible association with Upper Paleolithic burials has often been based on no more than the assumption that, considering their age and the associated human form, this was a plausible interpretation, whereas a more skeptic stand has often surrounded similar findings when they
were associated with older and, in particular, Neandertal burials.
A parsimonious interpretation of the evidence, which would consist in discarding all
uncertain occurrences, would lead us to conclude that the only clear grave goods from the
Middle Paleolithic are those associated with two early modern humans from Qafzeh (the red
deer antlers with the Qafzeh 11 child) and Skhul (the wild boar mandible with the Skhul 5
adult). We believe, however, that this would underestimate the evidence for at least two reasons. The presence of stone tools close to the human remains has been noticed too often to
result from the random distribution of these objects in the archeological layers. Moreover, in
some cases the excavators observed a higher quality of manufacture in these tools, and this
has been reported by scholars having contrasting views of Neandertal cognitive habilities. The
second reason to think that grave goods are associated with a number of Middle Paleolithic
burials is that in some cases the burial contains objects which are uncommon in the archeological layers and bear traces of intentional modification or manufacture, such as the slab with
pits on top of La Ferrassie 6 or the engraved bone near La Ferrassie 1 (Heim, 1976).
This does not formally demonstrate that all reported occurrences of faunal remains, stone
tools, pebbles, etc., should be interpreted as intentional offerings. It just indicates that, if we
adopt the same standards applied to Upper Paleolithic burials, a number of reported instances
of grave goods from Middle Paleolithic sites should also be taken as intentional offerings. Only
the excavation of new burials and the publication of the contextual data from more recently
excavated burials will solve the problem. For the time being, the available data suggest that the
grave goods associated with Middle Paleolithic burials of both Neandertals and early modern
humans are quite similar and mostly consist of stone tools and faunal remains. They differ
from those dated to the Upper Paleolithic of Europe in the virtual absence of personal ornaments, bone tools and ochre. Many fragments of ochre bearing traces of use and ochre-stained
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Table 10-3
Grave goods associated with Middle Paleolithic burials.

stone tools come from the Qafzeh layers which have yielded the burials (Hovers et al., n.d.), but
none was found in clear association with the skeletons. Although Capitan and Peyrony (1912)
mentioned a brown reddish sediment around the La Ferrassie 1 skeleton, which contrasted
with the yellowish occupation layer, it is now difficult to know whether this difference in color
was due to the presence of ochre or to other causes. The same remarks apply to the bone
retouchers, one of which was decorated with parallel lines, also from La Ferrassie 1, and to the
putative bone point found at Teshik Tash, the only two instances of bone tools possibly associated with Middle Paleolithic burials. The shells, apparently perforated and covered with red pigment found in the layers containing the Qafzeh burials (Bar-Yosef, 1992; Vandermeersch,
pers. comm.), as well as the few Dentalium shells associated with the Saint-Césaire skeleton
(Lévêque, pers. comm.) are other possible exceptions. Until detailed publication of this material is available, however, it is difficult to evaluate this evidence.
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Table 10-4
Grave goods associated with Earlier Upper Paleolithic burials.
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Earlier Upper Paleolithic Grave Goods
When we compare the grave goods associated with the 71 burials attributed to the
earlier Upper Paleolithic, a clear and previously unnoticed difference appears between
the Gravettian burials from the Italian peninsula and those from northeastern Europe
(Table 10-4). The Italian burials have in common the widespread use of shells as personal
ornaments. Twenty different species of gastropoda and bivalvia were found in these burials, and two of them (Cyclope and Cyprea) are associated with 13 and seven of the 20 interments from this region, respectively. In contrast, perforated shells are rarely associated
with earlier Upper Paleolithic burials from northeastern Europe and, when they are associated, we see species unknown in the southern sample, such as Dentalium sp. in Brno 2
or Littorina obtusata in Paviland. The two Cyprea reportedly associated with the Malta
child do not contradict this observation, considering this burial’s distance from Europe
(some 3000 km east of the Ural Mountains).
Another dissimilarity appears in the choice of teeth for pendants. Fifteen of the 20
southern interments yielded red deer canines, absent in the northeastern burials. The latter
show instead a frequent use of fox canines, none of which were ever discovered in Italy.
Stone pendants and perforated discs are another peculiar feature of the northern burials.
The Italian interments are instead caracterized by an abundance of flint stone tools, rare
among burials of the other group.
A disparity between the two groups of burials also appears in the use of personal ornaments and tools made of ivory. The presence of ivory objects in the Italian burials is limited
to the pendants found at Arene Candide and Barma Grande. A large variety of personal ornaments and tools made from this raw material is instead associated with a number of contemporary burials from the north and the east of Europe. Offerings of faunal remains are
restricted in the southern group to an ibex mandible and a horse maxilla in Paglicci 25, to a
bovid long bone at Barma Grande, and to an astragalus and, possibly, three red deer
mandibles found near the Caviglione 1 skeleton. Mammoth scapulae and rhinoceros ribs as
well as rhinoceros, mammoth, and fox skulls are the remains left in the internments of the
other group.
On the other hand, the grave goods associated with the two burial sites of controversial
age, Cro-Magnon and Combe Capelle, are different from either the Italian or the northeastern sample but quite similar to each other. The two shell species associated with the CombeCapelle skeleton (Hinia reticulata and Littorina littorea) are among those found near the CroMagnon skeletons. In contrast, not one of the nine shell species reported from the CroMagnon burials was found in the 59 earlier Upper Paleolithic burials that yielded grave
goods. Among the other personal ornaments, we do not find red deer canines, which are
present in all of the Italian burials. The ivory pendant from Cro-Magnon cannot be used to
suggest a cultural link with the Italian sites because of its flat elongated shape and the two
perforations it bears, features that contrast with the hemispheric morphology of the pendants from Barma Grande and Arene Candide. Only one of these objects carries a perforation; on the others a circular groove was made to facilitate suspension.
Finally, the Labattut child represents a special case. Although traditionally attributed to
the Solutrean, it displays an association of personal ornaments (Cyprea and red deer canines)
that is indistinguishable from most of the Italian burials (e.g. Arene Candide, Paglicci,
Barma Grande, Ostuni).

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

180

The Occurrence of Littorina obtusata in Upper Paleolithic Occupation Sites
Flat periwinkles are the most frequently found shells in Upper Paleolithic occupation
sites and occur in layers of all western European technocomplexes (Table 10-5). Thus, their
association with the Lagar Velho child cannot be used to attribute this burial to a technocomplex in particular. However, the importance of this species varies significantly in time
and space during the Upper Paleolithic. It accounts for almost one fifth of the shells used as
personal ornaments in the Gravettian and the Solutrean, while for only half of this proportion in the Aurignacian, and even less (5.3 %) in the Magdalenian. The frequency of the
species in the Magdalenian is probably overestimated for at least two reasons: 1) contrary to
the other technocomplexes, Littorina obtusata is represented by just one specimen in more
than half of the Magdalenian sites which have yielded this shell; 2) 70% of the remaining
specimens come from a single site, the Isturitz cave. If one accepts the principle that single
occurrences have higher probabilities to result from erroneous taxonomic or cultural attribution, and considers the poor quality of the old excavations at Isturitz, it seems probable
that the Littorina obtusata attributed to the Magdalenian might well belong to other technocomplexes, at least in part. Taking only into account occurrences of more than one periwinkle and keeping Isturitz aside drops the proportion of this species to 1.3% of the total number of shells from Magdalenian assemblages.

Table 10-5
Occurrence of Littorina obtusata s.l. in the Aurignacian, Gravettian, Solutrean and
Magdalenian from western Europe.
L. obtusata s.l.

Sites with
L. obtusata s.l.
Technocomplexes

N. of shells N. of species

Aurignacian
Gravettian
Solutrean
Magdalenian

1590
766
699
4875

Total

7930

101
93
75
186

N. of sites

total

N=1

N>1

N.

%

31
37
30
157

10
6
13
27

2
1
1
14

8
5
12
13

164
160
134
261

10.3
20.9
19.2
5.4

255

56

18

38

719

The geographic distribution of the sites with Littorina obtusata (Fig. 10-19) reveals an
interesting difference between the Aurignacian and the Magdalenian, on one hand, and the
Gravettian and the Solutrean, on the other. Only in the oldest and more recent technocomplexes does L. obtusata occur at sites close to the Mediterranean sea. The location of these
sites in the Aude valley and the Languedoc plain suggests a provenance from the Biscay
coast through the corridor between the Pyrenees and the Massif Central (Bon, 2000). As far
as Iberia is concerned, no flat periwinkles are reported from the Aurignacian of this region
and, apart from the three specimens yielded by the Early Upper Paleolithic layers of
Caldeirão dated to between ca.23 and ca.26 kyr BP (Zilhão, 1997), the only other preSolutrean L. obtusata comes from the Basque site of Bolinkoba.

Cultural Affiliation of the Lagar Velho Child
The extensive use of ochre and the presence of personal ornaments similar to those
found in contemporary burials clearly indicate that the cultural system in which the Lagar
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– Occurrence of Littorina obtusata s.l. (white dots) and Cyclope s. p. (black dots) in Aurignacian, Gravettian, Solutrean
and Magdalenian sites from France and Spain.
FIG. 10-19

Velho child was integrated belonged to the Upper Paleolithic rather than to the Mousterian.
Faunal remains, the only grave good category associated with the child that might suggest
Middle Paleolithic affinities, are also reported from ca.25% of earlier Upper Paleolithic burials. The presence of faunal remains in both samples may indicate continuity between these
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two periods, as recently suggested by Riel-Salvatore and Clark (2001), but not a Mousterian
imprint which would distinguish the child from other earlier Upper Paleolithic burials. Of
course, the attribution of the child’s burial to the Upper Paleolithic has no obvious biological implications. Since a strong similarity exists between grave goods reported from
Mousterian early modern human and Neandertal burials, the change from the Middle to the
Upper Paleolithic in the kinds of grave goods we observe does not necessarily have a biological origin. Thus, discussion of the implications of the child’s grave goods for the issue of
early modern human-Neandertal biological interaction must not take for granted the validity of the equation Upper Paleolithic = early modern human.
The marked Upper Paleolithic character of the child’s personal ornaments therefore
supports either an “impermeable” replacement model which would have resulted, after a
few thousand years, in the obliteration of the potential cultural input of Neandertals, or in a
“permeable” model characterized by the loss, as far as funeral practices are concerned, of
Neandertal cultural practices. Alternatively, the Lagar Velho burial ornaments and other
associated funeral evidence could be viewed as the addition of distinctly Upper Paleolithic
elements on to a burial tradition already well established in the Middle Paleolithic. The grave
goods alone do not allow a choice between these scenarios. They can instead be used to identify which early Upper Paleolithic cultural entities may have exerted a cultural influence on
the human group responsible for the burial.
When seen from this point of view, the Lagar Velho grave goods reveal links with both
the Gravettian burials from the Italian peninsula and those from northeastern Europe. It
shares with most of the Italian burials the use of red deer canines and gastropoda as personal ornaments, as well as the use of the former as elements of a headdress. One of the Italian
burials, Caviglione 1, was also apparently associated, like the Lagar Velho child, with red deer
bone remains. The use of Cyclope shells instead of L. obtusata in the Italian burials may be due
to shell availability, and it need not be culturally significant. L. obtusata and Cyclope are similar in size and shape, and both are variable in color. The former is absent in the
Mediterranean, the latter in the Atlantic, and this was likely so during the whole Upper
Pleistocene. No reliable records of L. obtusata exist in Pleistocene natural deposits around the
Mediterranean (Reid, 1996), and very few occurences of L. obtusata are signaled in archeological sites of the Mediterranean coast. The L. obtusata from the Lazaret cave (Barrière, 1969;
Cataliotti-Valdina, 1984) has been recently attributed to fabalis (Reid, 1996), that from Le
Romains cave at Pierre-Châtel (Ain) is doubtful, and probably a saxatilis (Taborin, 1993), and
we found nothing in the Rivière monograph, cited by Taborin, as a source for this species’
presence at Caviglione. The few other L. obtusata known in Paleolithic sites (Taborin, 1993)
from the south of France (Gazel, Tournal, Canecaude, Bize, Rothschild, Balauzières) are certainly due to transport from the Atlantic, since they come from regions (Aude, Hérault, Gard)
which are known to have been areas of contact between the two coasts for most of the Upper
Paleolithic (Sacchi, 1986; Bon, 2000). A relative equivalence of these two species for the
Upper Paleolithic hunters of the two regions is also suggested by the fact that Cyclope and L.
obtusata are found toghether in the same levels at a number of Upper Paleolithic sites located along the Aude corridor (Rothschild, Tournal, Canecaude, Bize, Combe Cullier, Lortet, La
Vache) and in the southwest of France (Lachaud, La Madelaine, Roc de Marcamps).
In sum, the child’s cultural roots are certainly to be found in the Gravettian of southern
Europe. A possible link with burials from elsewhere in Europe seems more tenous. It only
leans on the presence of L. obtusata at Paviland, a burial that shows a number of features
(ivory tools and personal ornaments, mammoth remains) in common with those from the latter regions. The difference between the grave goods of these burials and those from southern
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Europe, including the Lagar Velho child, cannot be entirely attributed to raw material availability (i.e., absence of mammoth in Iberia, or of red deer and marine shells in central and
eastern Europe). This would not explain why fox canines, Dentalium sp., and stone or bone
discs, relatively easy to find or make in southern Europe, are never found in this region’s
Gravettian burials. Thus, even if the Lagar Velho child’s cultural roots lie in the Gravettian of
southern Europe, the presence of L. obtusata gives an “Atlantic” character to its burial, suggesting that either the frontiers between the two traditions we have identified are permeable,
as demonstrated by the presence of ivory pendants at Arene Candide, or that a third tradition
exists in Atlantic Europe, sharing elements of the other two, which is as yet impossible to individualize firmly because of the insufficient number of Gravettian burials from this region and
period. It is difficult to propose an interpretation for why the perforated shells from CroMagnon and Combe Capelle differ from all the other Early Upper Paleolithic burials.

The Role of Color and Size in the Choice of Littorina obtusata Shells
The significant size differences we have observed between Littorina obtusata s.l. color
morphs in our reference collections are the result of two possible causes: 1) a size difference
exists between the color morphs either of one or both species; or 2) the two size classes correspond to the sister species L. obtusata and fabalis, each represented in all studied thanatocenoses by distinct color morphs. According to Reid (pers. comm.), the first hypothesis seems
unlikely, because, in his experience, size differences occur between populations from different habitats rather than between morphs of the same population. However, no available metrical data demonstrate this view. The second hypothesis does not explain, if the size difference
is due to species differences, why in all studied samples each species should only be represented by some color morphs that are different from those of the sympatric species.
On a European scale, the most common morphs of Littorina obtusata are fusca and olivacea, and this species has a tendency to be larger in sheltered situations, where the collection
of shells is easier, both now and in Paleolithic times. In these same sheltered shores, Littorina
fabalis is smaller and usually citrina. If our thanatocenosis reflects this picture, our smaller
size class is mostly composed by L. fabalis citrina and the larger by L. obtusata fusca and olivacea. In fact, choosing between these two opposite hypotheses has little archeological implications. Since Paleolithic beadmakers, like most modern collectors, could not distinguish
between the two species, we can assume that the color/size factor is archeologically meaningful whenever it is due to a difference between species or morphs within a single species.
Based on their size, the L. obtusata shells associated with the child were of the color
morph fusca, aurantia or olivacea, that is, dark brown, orange to red or olive-green. We can
confidently eliminate citrina and reticulata among the possible candidates. The two L.
obtusata s.l. from the Lagar Velho hanging remnant, the three unperforated specimens from
Lapa do Anecrial, and the single complete specimen from the Early Upper Paleolithic levels
of Caldeirão were also brown, red or green, as were the large majority of those from the
Solutrean and Magdalenian of the latter site, whereas four small specimens from Caldeirão
have dimensions compatible with all color morphs. It is noteworthy that size variation of the
L. obtusata shells used as personal ornaments in the Portuguese Upper Paleolithic completely cover the present size range of the larger color morphs, indicating no systematic preference for larger or smaller beads within the chosen color morphs. In other words, what
seems to matter, at a large chronological scale, was the choice of the color or colors, not the
size. At the level of a single beadwork, in contrast, the bead size certainly was a relevant mat-
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ter, as demonstrated by the striking dimensional similarity of the three unperforated L.
obtusata, probably in the possession of a single person, from Lapa do Anecrial.

Arrangement of the Red Deer Canines
Although not found in situ, the recovery of the red deer canines in the area where the
skull fragments of the child were found suggests that, as for almost all of the Gravettian burials from the Italian peninsula, these beads were originally integrated in a headdress. In the
absence of primary information on their location on the skull, we can in part infer their
arrangement from the position of perforation and wear, as well as from their sex, size and lateralization. Perforation and wear indicate that the canines were oriented with their crowns
downwards, probably sufficiently low on the dome of the skull to make them hang down. Our
results indicate that the way the canines were arranged around the head certainly exploited
three different features: 1) the opposite lateralization of the teeth of the same sex, 2) the clearly sought morphological similarity of the teeth of the same sex, and 3) the deliberately overemphasized size difference between canines of opposite sexes.
It is likely that these ingredients were used to create a symmetry emphasizing the beadwork’s visual impact. This effect could only be achieved, with such a low number of teeth, if
the canines were seen together, most probably on the forehead, as in the case of the Paglicci
25 woman. The opposite lateralization of the canines of the same sex indicates that, in both
cases, the same aspect was seen by the observer. Use wear indicates that this was either the
vestibular or the lingual aspect for the hind, and the distal for the stag canines. To obtain a
symmetric arrangement, the Paleolithic beadworker had two options, either to keep the four
canines together or to symmetrically distance from the center of the forehead one or both
pairs of canines of the same sex. It is unlikely that the canines were put close to each other
with the stag canines to the sides and the hind canines in the middle since, considering the
way the stag canines were attached, this would have hidden the smaller hind canines. In sum,
we can say that the canines were arranged in a symmetrical pattern, probably on the forehead
of the child, but are unable to precisely describe what this pattern was. What is clear is that
the use of two canines of the same sex similar to each other but markedly different from those
of the opposite sex results from a conscious choice.

Social Implications of the Child’s Beads
The choice of the red deer canines highlights an apparent paradox that needs explanation. Why did the Lagar Velho beadmaker create a complex symmetry using teeth from four
different animals when a better result would have been more easily obtained by using two
paired canines, i.e., the left and right canines from just one hind and one stag? Examination
of hundreds of modern and archeological red deer canines shows that to find two times,
among pieces coming from different animals, canines that are similar, the beadmaker must
have had access to a relatively large collection of canines from both sexes. Why were paired
canines absent from this collection? The reason may lie in the game sharing system. If, once
a deer was killed, both canines were kept together and considered as a common property
meant for collective use, or became the property of an individual or a “family,” one might
expect the beadmaker to have had paired canines available. Since this is not the case, we must
assume that pairs were split to integrate different individual or family “treasures.” This is the
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likely consequence of a resource sharing system in which the canines, like selected chunks of
the deer, were distributed according to traditional rules, probably organized around kinship.
A quick dispersal of the canines after the hunt is supported by our study of the perforations. At Malataverne and in the Lagar Velho hanging remnant we find paired canines perforated by the same person, indicating that the two teeth were kept together for a while (at least
the time necessary to perforate them) after the culling of the animal. In the child’s burial, we
found stag canines coming from two different animals but perforated by the same person.
Considering the gestural steadiness and the peculiar location of the perforations, which is
unique for the whole Portuguese Upper Paleolithic, it is pretty certain that they were made at
the same time. This implies that the two canines were given to their owner unperforated,
probably at the moment of carcass processing, and kept as such until he/she decided how to
integrate them in a beadwork. The different perforation and suspension techniques we
observed on the hind pieces do not contradict this hypothesis. According to our model, each
“family treasure” included only unpaired canines, but some of them could have been recently acquired and still unperforated, whereas others could have been rescued from broken beadworks. The recycling of already used beads explains the difference in suspension technique
between the two hind canines (perforation versus groove) and why the perforated specimen
was pierced with motions that were different from those observed on the stag canines. This
may be due to individual varibility over time or to the involvement of two different persons.
We believe, in light of the above reasoning, that the red deer canines, and their ostentatious display on the body, had the function of visually materializing the integration of the
individual in a social, probably kinship network. This explains why we do not find paired
canines in the child’s headdress, but it does not completely explain the reason for using
“fake” pairs. One can wonder, after all, if the search for symmetry alone is reason enough to
fully explain this behavior. The use of “fake” pairs may reflect a more profound symbolic
need. They can represent a way to ideally tie together again what constituted a unity in the
natural world before being dispersed by social rules. The symbolic reunification on the
child’s forehead of this broken unity may represent, in a sense, the unity of the society itself
and materialize its symbolic link with the hunted game. If the absence of pairs in the beadwork is correctly interpreted as a consequence of the game sharing system, and if one
accepts that a cultural unity lies behind the Gravettian technocomplex, we should find little
or no evidence of paired canines in burials attributed to this cultural unit. Only reexamination of the canines from the Italian burials using the same methods applied to the Lagar
Velho child ornaments will allow testing of this model.
The L. obtusata shells associated with the child do not show the same tendency to bead
miniaturization recently observed in the Upper Paleolithic child burials of La Madeleine
(Vanhaeren and d’Errico, 2001) and Sunghir (White, 1999). Their size does not differ from that
of shells of the same species found in the habitation contexts of Caldeirão, Lapa do Anecrial and
Lagar Velho. This seems to indicate that the shells used by children did not differ from those
used by adults and even, as suggested above for the red deer hind canines, that adult beads could
be re-used to make childrens’ beadworks. Although the social implications of these differences
are difficult to evaluate, one might speculate that the absence of a bead production specifically
meant for children may reflect a rapid integration of children into the adult world and the
absence of a particular social status for this age class (see Chapter 33 for a discussion of this
issue). This hypothesis finds support in the fact that, in spite of being all adults, the contemporary and culturally closer Gravettian burials from Italy and England show grave goods identical
to, if not the same as, those associated with the Lagar Velho child. This suggests that, in these
societies, personal ornaments probably reflected cultural affiliation more than social status.
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❚ CIDÁLIA DUARTE ❚

Human burials in the Paleolithic have long been a focus of interest, since they may provide one of our few windows on the social behavior of those past human groups. However,
formal disposal of the remains of the dead may involve a complex of funerary behaviors, of
which intentional interment is but one alternative and in itself, when present, involves only
a portion of the funerary practice. Moreover, manipulation of the body for decomposition
avoidance can also lead to a variety of funerary gestures (Bartel, 1982; Sprague, 1968).
Paleolithic archeologists have increasingly placed under scrutiny the evidence for
intentional human burial, in at least the Middle Paleolithic (see Smirnov, 1989, for a discussion), since the presence of intentional burial is taken to indicate derived and uniquely
human social behaviors. At the same time, the evidence for intentional burial within the
Upper Paleolithic has also been increasingly examined from a taphonomic perspective,
given the presence in both the Middle and Upper Paleolithic of clearly articulated and probably intentionally burial individuals as well as isolated fragments of human remains, frequently within the similar stratigraphic levels of individual sites. Given this context, it is necessary to present the detailed taphonomic data for the Lagar Velho 1 skeleton and the evidence for its intentional burial (see also Chapters 10 and 33).
Although associating inhumation with evidence for funerary practices ignores most of
the many possible manners of disposal of the deceased, the intense scrutiny to which
human fossils have been subjected in order to identify the presence of burials has led to the
acceptance of standards for evaluating the presence or absence of inhumation. These standards mainly relate to the positive identification of a grave, including anatomical connection
of skeletal elements, identification of a pit, presence of grave goods associated with the
body(ies), and the presence of ornaments. These variables have been considered in the following description of Lagar Velho 1.
The present chapter focuses on the excavation procedures followed during exhumation
and the field observations supporting the interpretation of the remains as a ritual burial.

Methodology
In the first field season, during December and January of 1998-99, the skeleton was
identified, exposed and exhumed (Fig. 11-1). The remains were recognized as an almost
complete skeleton of a young child, interpreted at the time as a ca.4 year old at death (see
Chapters 14 and 15), lacking most of the cranium and the right upper limb, portions that had
likely been removed by the machine that had terraced the area prior to discovery.
Before excavation, a grid of three one-square meter excavation units was defined in the
area where some of the left arm bones had been collected. Initially, three-dimensional coordinates were recorded for each and every element exhumed, and 1:10 plans of the excavation
and finds were drawn, with the aim of recording the provenience of the small skeletal fragments that had been recognized close to the ground surface. As soon as the presence of a

chapter 11

187

| THE BURIAL TAPHONOMY AND RITUAL

more complete skeleton became apparent, illustration procedures were altered, and a 1:1 scale was
adopted (Fig. 11-2). The relative positions of the
various skeletal elements were thus recorded and
extensive imaging (slide, black and white, color
film, and videotape) of the excavation was undertaken.
Although sediments were quite soft and easy
to remove, small root fragments made the task
more difficult, as they were abundant throughout
the deposits, often penetrating inside the bone
structure or, as in Fig. 11-3, inserting themselves
between the bone surface and the ochre layer covering it. Acetone, syringe and magnifying glass
were used in helping to expose and recover many
of the bones. The presence of these rootlets, as well
as their chemical interaction with the porous juvenile human bone, may well explain the failure of
FIG. 11-1 – The Lagar Velho 1 skeleton fully exposed.
all attempts at securing a direct date for the child’s
skeleton, particularly if we bear in mind that,
because of their low carbon content, the samples only received a mild decontamination pretreatment (see Chapter 7).

FIG. 11-2

– Detail of 1:1 field drawing of the skeleton, in the area of the lower legs.
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FIG. 11-3

– Detail of recent micro-rootlets between ectocranial surface and adhering ochre stained sediments.

Each element exhumed received a two-part catalogue number recording the excavation
unit of provenience and a sequence number for that unit (e.g., L20.4). In the field books, x,
y, and z coordinates were recorded for each plotted element. Unplotted items also received
a sequence number, the precision of the spatial positioning for such items being, horizontally, inside a quarter square meter unit (quadrant), and, vertically, inside a 5 cm artificial
level (spit).
Similarly, all sediments were recovered for each unit by quadrant and spit; they were
then kept in plastic bags and sent to the laboratory for sorting. This procedure was adopted
throughout the excavation, except for the sediments removed during the preparation of the
box for en bloc removal of the rib cage; these were removed as a single unit, corresponding
to a thickness of 20 cm of sediments under the child’s thorax (L20, level 4a; see Table 8-1).
During the spring of 1999 these sediments were dry screened with a 1 mm plastic
mesh and were picked with the aid of a magnifying lens (5x). Hundreds of small human
bone fragments, micromammal bones, charcoal pieces, along with one of the ear ossicles
from the left side and a couple of teeth of Lagar Velho 1 were recovered at this stage. Some
phalanges and small epiphyses were also identified in the lab during screening.
The rib cage, consolidated en bloc in the field, was excavated in the lab by Trenton
Holliday (see Chapters 26 and 27). Bones were separated from matrix with the help of acetone as solvent, using a syringe, toothpicks and a soft paintbrush.
In the summer of 1999, a new field season was organized with the purpose of recovering all the cranial fragments assumed to have been scattered eastward along the wall of the
rockshelter. A different methodology was then used; since it had become clear that in this
area the surface had been deeply disturbed by terracing a few years prior to discovery (see
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Chapter 2), excavation concentrated only on the disturbed superficial layer (approximately
15 cm below surface). Fifty-six square meters around the burial were defined and 5 cm
levels were used for the identification and recovery of all skeletal elements. Sediments were
water screened in the field and picked in the lab, where a considerable number of human
and faunal remains were recovered. Because the original stratigraphic context of these
finds had been lost, only the human remains are considered in the present study. They are
included in the inventory presented in Chapter 13, since they can only have belonged to the
Lagar Velho 1 skeleton. In fact, they fit its age range, some fit onto bones from the burial
context, and (most importantly) they show no repeated elements with those identified in
the burial.
In the lab, identified bones were kept in transparent boxes, on a foam base, lined with
acid-free paper. All cleaning was done with toothpicks and magnifying glass, in order to
avoid damage. No water or solvents were used, except in the rib cage, thoracic, lumbar and
sacral vertebrae and left pubic bone that had been imbedded in UHU glue dissolved in acetone at 50%, for en bloc removal. The smaller fragments were stored in small plastic boxes,
lined with acid-free paper.

Preservation
Most of the Lagar Velho 1 skeletal
elements were identified and
exhumed in unit L20. The upper portions of Lagar Velho 1 (most of the cranium, the cervical vertebrae and the
right clavicle and scapula) and the
right upper arm (right humerus) were
absent, as a result of the recent disturbance of the burial context. The white
color of the breaks in the right ulna
and radius (totally shattered and only
partially preserved) further substantiated such a fairly recent disturbance.
The left radius, ulna and hand were
collected at the time of initial identification from sediments that were loose
at the time of excavation. This
anatomical dissociation may have
resulted from disturbance concomitant with initial discovery (Chapter 2).
The skeleton was almost entirely
preserved in situ, extended and lying
on its back, with very slight flexion of
the lower limbs, likely resulting from
the cadaver’s position at the time of
disposal (Fig. 11-1). The body had been
placed a little tilted to its left, tucked
against the wall of the rockshelter.

FIG. 11-4

– Detail of the rib cage folded over the left side.
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This mildly inclined position is testified by the arrangement of the rib cage, whose right half
was folded over on itself toward the left side, likely resulting from collapse after decomposition
took place (Fig. 11-4).
The cervical vertebral column was not in anatomical connection. Eighteen vertebral
fragments were recovered at higher stratigraphic levels than the remaining thoracic and
lumbar vertebrae. This scattering pattern, although minor, demonstrates that the cervical
vertebrae were disturbed by the pre-discovery terracing of the area. Furthermore, it suggests
that, at the time, the cranium must have been in anatomical connection with the cervical vertebrae, at a slightly higher vertical level, in comparison to the remaining skeleton. In fact,
the only skeletal elements that were recovered in the first excavation spit (0-5 cm) of L20, in
1998, were cranial and cervical portions and the metatarsals of the left foot (see Fig. 11-13
below).
Close proximity of the few disturbed bone fragments suggests that, from the time the
body was placed in the burial until the partial mechanical displacement that occurred a few
years prior to excavation, the skeleton must have suffered very little or no disturbance. The
majority of long bone epiphyses, small bones, carpals, tarsals were in situ and in perfect
anatomical position, with epiphyseal cartilage spaces preserved, showing no disturbance.
Accepting the fact that the body of the child buried in Lagar Velho did not suffer any
exogenous changes other than the normal taphonomic phenomena associated with decomposition, one of its characteristics seems at first glance difficult to explain — the break along
the posterior surface of the thoracic vertebrae (Chapter 26). This fissure follows a straight
line from T11 to T3, running longitudinally from right to left cranially. The surfaces of these
breaks, visible in all but T4, T6 and T7, are old and colored with red ochre (Fig. 11-5).
This break must have been produced by sediment pressure along the vertebral column
of Lagar Velho 1 during decomposition, and it was probably the result of the same process
that led to the collapse of the right rib cage and the left cranium, although a perimortem origin for this longitudinal fissure cannot be excluded.
The pelvic region was practically undisturbed on the right side upon discovery (Fig. 11-6),
but excavation and exhumation seriously damaged its integrity, partly due to the large number
of small roots that pierced through the thin bones. The anterior and posterior tables of the iliac
blades split apart; consequently, the dorsal surface of the right ilium was partially damaged.

FIG. 11-5

– Longitudinal fissure along the dorsal surface of the thoracic segment of the vertebral column.
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Photographic records, however, enable a reconstruction of the relative position of the skeletal elements in Lagar Velho 1 pelvis. Like the right rib cage and the thoracic segment of the vertebral column, the arch portion of the pelvic inlet (pubic ramus) collapsed into the sediments,
flattening the pubic arch. The ilia accompanied this movement, with a bilateral dislocation of the
blades. The pelvic inlet consequently appeared wider than it would have been when in anatomical position. The left portion of the pelvic inlet was significantly fragmented, with the left ilium
almost completely crushed. In this process, the left sacral ala and left pubic bone were spared.

FIG. 11-6

– Lagar Velho 1 excavation. Detail of pelvic region (significant damage on the left side).

The lower limbs were the most perfectly preserved portions of Lagar Velho 1. Their carrying angle was visible; the anatomical orientation of femora and tibiae was maintained. The
right knee area was crushed. The patellae were not yet ossified, but inter-epiphyseal spaces
between proximal tibiae and distal femora were preserved (Fig. 11-7). Several rabbit bones,
belonging to the same animal, were found between the tibiae (see Chapter 8). These were
mostly vertebrae and ribs, resting directly on the surface of the right fibula and tibia and
occupying the space between right and left tibiae (Fig. 11-8).
The anatomical position of the lower limbs was perfectly preserved, including the fibulae, positioned lateroposteriorly to the tibiae. The position of the tarsal bones from both feet
suggests that right and left heels were tucked together, touching each other (Fig. 11-9).
Although the minor disturbance suffered by the left foot precludes certainty, nothing suggests that its original layout was different from that of the right foot. The two feet, therefore,
must have been placed touching each other, side by side.
The skeleton’s position relative to the shelter’s lower overhang (see Chapter 4) prevented any damage from the bulldozer besides that which affected the head and right upper
arm (Fig. 11-10). The disturbance of the left foot may have been related to recent, post-ter-
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FIG. 11-7

– Lagar Velho 1 excavation. Detail of the knee region.

FIG. 11-9

– Lagar Velho 1 excavation. Foot region, with the left tarsals and the right foot bones.
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– Lagar Velho 1 excavation. Rabbit bones
between the tibiae.
FIG. 11-8

– Projection of the shelter’s lower overhang on a schematic plan of the burial context indicating how the dripline
related to the position of the skeleton.
FIG. 11-10

FIG. 11-11

– Detail of the right and left metartarsal locations.

racing burrowing by a small animal. The left metatarsals were recovered at a level above the
major portion of the right and left feet. The left metatarsals 2, 3 and 4 were exhumed together, in correct anatomical position and order, in a displaced lump of indurated sediments,
12 cm above the right metatarsals (Fig. 11-11) and clearly displaced to the east, at mid tibia
level. The left first metatarsal, on the contrary, must have suffered little displacement and
was recovered 2 cm to the west of its expected anatomical position.
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Where the right foot is concerned, one must first bear in mind that, once the decomposition process started, the body was buried (see below) and, hence, completely surrounded by sediments. If empty spaces remained around it throughout the whole process of decomposition (as
in a coffin situation), the foot structure would have collapsed, and its small skeletal elements separated and scattered. This clearly did not happen. At the same time, the hyperextension of the
foot implies some displacement, but of a kind that enabled the small epiphyses to be preserved
in their original relative anatomical positions. On the other hand, such displacement would not
have been possible if, immediately after burial, the surrounding sediments were consolidated
and the body tightly enveloped and compressed by them, because its original position would
then have been “frozen” and the postmortem hyperextension of the right foot impossible.
It is inferred, therefore, that the latter occurred in the first stages of body decomposition, at a time when soft tissues still maintained the anatomical connections of the feet’s
bones. For the articulation of the latter with the legs to be preserved, an outer feature must
have contained the body, a feature that was sufficiently flexible to accommodate hyperextension of the feet and sufficiently rigid to strictly spatially contain them. This is further
implied by the fact that the fibulae were in perfect anatomical position (posterolaterally of
the tibiae). All these observations are consistent with the hypothesis that the child was
wrapped in a semi-rigid hide or textile shroud, enabling the gradual fall to a horizontal plane
of the feet as the body decomposed and adapted to the pressure of the overlying sediments
as well as preventing the sideways rotation of the fibulae.
The fact that the left foot was the skeletal part closest to the back wall (Fig. 11-10) likely
explains the discoloration of the displaced elements, through the phenomenon known in
rockshelter archeology as “wall-effect” — localized washing of the sediments caused by
water run-off coming down along the back wall from the overhang immediately above the
child’s burial (see Chapter 4).
Laboratory analysis of the cranial remains recovered in 1998 revealed that the large majority of the fragments exhibited fresh breaks and that the ochre layer on the ectocranial surfaces had
been preserved (see Table 11-1 below). It became apparent that the cranium had not been disturbed significantly since burial and that it had likely been moved along the wall of the rockshelter, broken into small pieces but without being either washed or seriously eroded. The second field
season, in the summer of 1999, confirmed that the backhoe that operated in the area several years
prior to discovery cut and dragged the sediments eastward, flattening the surface to give access to
motor vehicles. The sediments were moved in large blocks, hence maintaining the integrity of
some of the cranial fragments. The coincident spatial distribution of the four ochre-stained
pierced red deer canines found in square L24 with the majority of the displaced cranial fragments
(see Fig. 11-12) indicates that the former were part of a headdress, as reconstructed in Chapter 10.

FIG. 11-12

– Scattergram of the child’s piece-plotted cranial fragments and personal ornaments.
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The Burial Feature
Layout of the Skeleton
With the exception of the portions affected by terracing of the site (cranium, right upper
limb and shoulder), or the discovery process (left upper limb), the vast majority of Lagar
Velho 1’s skeletal elements was in anatomical association. Excavation of the skeleton demonstrated that the child was deposited in a depression, in extension, with the torso slightly tilted to the left, as the breakage pattern of the right rib cage illustrates (see above, Figs. 11-1, 114 and 11-9). The left and right feet were likely parallel to each other. The right hand rested
alongside the hip. Disassociation of the bones from the left upper limb was probably due to
its proximity to the shelter wall or by disturbance caused by the casual inspection of underground deposits that led to the discovery of the skeleton.
Close examination of the skeletal elements recovered failed to yield any evidence of carnivore or rodent activity (no bones show evidence of chewing or furrowing), which can only
be explained by a sealed protection of the body during decomposition. The position of the
right foot bones (in hyperextension) and of the fibulae removes the possibility of close contact between the body and the surrounding sediments prior to decomposition, probably produced by a hide wrapping the body, as suggested above. The layout of the skeleton indicates,
therefore, that the burial of Lagar Velho 1 was a direct deposition in a tight pit, with sediments carefully and completely covering the body.
Red ochre may have aided in protecting the cadaver against the action of carnivores and
rodents but, given the shallow grave, cannot explain the skeletal integrity of Lagar Velho 1,
which may have been achieved through other protective devices. A stone cairn, for instance,
could have originally covered the whole burial feature, as suggested by the horizontal stone
slabs found above the legs (see Fig. 11-14 and discussion below). Pre-excavation removal of
the site’s upper stratigraphy, however, precludes any certainty.

Ochre
The burial context (sediments and bones) was distinctively colored by the presence of
red ochre. Once the deposits overlying the burial were removed, an extensive ochre-stained
area, with the approximate size of a child’s skeleton, became clearly visible 5 cm below extant
ground surface. The original color recognized during excavation was a dark Bordeaux
(approximately Munsell 10R 2.5/6). After exposure, the color slowly started to alter, changing into a lighter, reddish tone (approximately Munsell 2.5YR 5/6) that has remained to the
present.
The skeleton of Lagar Velho 1 was almost completely covered with red ochre, which was
also found underneath the bones. These facts almost certainly indicate the existence of a
shroud. Originally coloring the shroud, the mineral pigment transferred to the sediment and
bones once its organic support decomposed.
Alternatively, it could be suggested that (a) a cloth or hide was indeed present but only
covering the body, not fully enveloping it, or (b) that red ochre was simply spread or sprinkled over the burial once the child was laid out in the pit, before the latter was re-filled and
covered. The ensuing decomposition of the organics (the body’s soft tissues, the colored
blanket) would have led to the pigment dissolving in the sediments, explaining the coloration of the burial context. The first alternative explanation, however, is contradicted by the
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consistent presence of ochre on both the upper and lower surfaces of the bones. The second
alternative is contradicted by the thick and consistent texture of the red ochre layer attached
to the bones, together with the clear boundary separating the ochred sediments from the
whitish ones around it. It is concluded, therefore, that the ochre must have surrounded the
body of the deceased child in the form of pigment used to color an enveloping shroud.
After the recovery of the displaced, scattered cranial fragments, in the summer of 1999,
ochre thickness was measured with calipers before cleaning (Table 11-1). The red ochre layer
was found to be thicker on the frontal, where it consistently exhibited a 2 mm thickness in
every fragment. This might reflect the anatomical characteristics of the frontal orbital
region. It is simultaneously a flat area and the bone is practically subcutaneous. If the cranium were leaning on its back, the ochre distribution could solely reflect a preferential accumulation over this flat surface, in contrast with a thinner presence over the remaining
round, slippery shape of the cranial vault.

Table 11-1
Thickness of the red ochre on the cranial bone surfaces, measured in mm.
Unit

#

ecto

endo

len

wid

Description

L20

19

1

L20

21

1

0

46.3

30.2

occipital, lambda region, with suture

0

28.6

20.1

occipital, mastoid area

L20

36

0

0

22

10.6

occipital, basioccipital

L20

146

1

0

43.2

27.1

occipital fragment

L24

2

1

1

27.2

20.8

occipital fragment

L20

51

2

2

17.4

13.1

left parietal, next to squamosal suture

L20

51

1

1

23.6

12.9

left parietal, squamosal suture fragment

L20

51

1

1

18.6

9.9

left parietal fragment

L20

51

1

1

15.1

7.5

left parietal fragment

L20

52

1

1

27

24.4

left parietal fragment

L20

60

1

0

17.1

16.9

left parietal fragment

L20

126

1

0

35.3

18

left parietal fragment

L20

152

1

0

23.9

12.7

left parietal fragment

L20

153

1

0

37.8

22.4

left parietal fragment

L20

221

1

0

13.6

11.01

left parietal fragment

L20

223

2

0

25.7

15.9

left parietal fragment

L20

347

1

0

37.3

34

L23

28

3

0

23.3

14.9

right parietal fragment

L23

29

1

3,6

28

18.5

right parietal fragment

left parietal, mastoid region with suture and ossicle

L24

27

1

0

33.9

12.8

right parietal fragment

L20

315

2

1

13.4

10.7

frontal, left orbital rim

L20

400

2

1

10.9

9.4

frontal, orbital rim

L22

1

2

1

7.7

7.4

frontal, left portion

L23

5

1

0

20.9

15

frontal, left portion

L24

31

2

0

30

21.7

L24

32

0

2

40

18.6

frontal, right portion, with coronal suture fragment

L24

42

1

2

27.8

24.02

L24

48

1

0

36.9

29.5

frontal, right portion, with coronal suture fragment

L24

52

1

0

29.1

23.3

frontal, glabella region

nn

nn

1

0

20.6

15.5

frontal, left portion, with suture fragment

frontal, right portion, with coronal suture fragment
frontal, right orbital margin fragment

ecto= ectocranial surface; endo = endocranial surface; len = maximum length of fragment; wid= maximum width of fragment
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Close observation of the distribution of ochre thickness and breakage patterns of the cranial fragments, however, suggests otherwise. The right parietal exhibits an even thicker ochre
layer on its ectocranial surface, except for portion L23.29, where a thickness of 3.9 mm was
recorded on the endocranial side. This specific fragment is part of the squamosal suture, which
can explain the drainage of red ochre into the endocranial surface at that point, through the
open space between the temporal and parietal bones. Similarly, the left parietal exhibits red
ochre on its ectocranial surface as thick as in the frontal orbital area; its endocranial surface,
however, is covered with a thin layer of red ochre, which can be explained by similar drainage
inside the squamosal suture. In fact, the left temporal and parietal bones, although broken into
fragments, do not exhibit fresh breaks; the right parietal, frontal and occipital bones exhibit no
red ochre on the endocranial surface, but they do show fresh breaks. This pattern is consistent
with an original inclination of the cranium to the left side, which would lead to the breakage of
the cranial region where most pressure was placed (left temporal/parietal area), as is supported by the postmortem warping and flattening of the left cranial vault (see Chapters 17 and 22).
Ochre distribution on the occipital region is consistent with this inference.
Furthermore, the fact that the basioccipital did not have any ochre on its surface is consistent with its absence on the cervical vertebrae and must be due to the position of the cranium (a little flexed ventrally). Absence of ochre on the surface of these bones is also consistent with the existence of a shroud around the body, which would prevent the red ochre from
penetrating into the basioccipital/cervical region. Original tilting of the cranium to the left
side is compatible with the location of the Littorina obtusata pierced shell, which must have
been used as a pendant (Chapter 10) and was exhumed from over the left clavicle.
Red ochre is a common variable in Upper Paleolithic burials, and particularly in those of
the Gravettian (Chapter 33). The reasons underlying its use in burials have been frequently
debated. For some, it’s a symbol of blood in a life/death dichotomy (Metcalf and Huntington,
1992: p.63), whereas others have suggested more practical interpretations, related to techniques
of body preservation (Wreschner, 1980). May (1986, p. 204) affirmed that red ochre (the charred
version of yellow ochre, its preparation involving submission to a temperature of 230-250°C for
at least 15 minutes, which changes the color of the iron dioxide from yellow to red) delays decomposition, neutralizes cadaver odor and has an antiputrefaction action. The Lagar Velho 1 child
burial suggests, however, that, at least in some cases, the association of red ochre with burials
may be indirect, i. e., related to the use of colored hides or textiles in the funerary procedures.
Another possible example of such an indirect association is Arene Candide 1 (Taborin, 1982,
p. 47; Binant, 1991a), the skeleton of an adolescent male laying on his back on top of a layer of
ochre which may represent what was left of a ritual blanket placed under the body.

Grave Pit
The verification of a grave pit is difficult in the majority of Paleolithic burials (Binant,
1991a), often due to insufficient description of field recovery procedures and exhumation
(see comments on visible or deduced pits in Riel-Salvatore and Clark, 2001). Additionally,
deficiently defined pits are likely due to the fact that most Paleolithic burials are located in
caves or rockshelters where it is not always easy to clearly differentiate them from similar,
adjacent deposits. Moreover, most pits described are rather shallow, ranging from 15 to 30
cm in maximum depth (see raw data in Binant, 1991b).
In the case of Lagar Velho 1, clear delimitation of a pit is not possible primarily because
of the destruction of the overlying sediments and the disturbance of those that might have
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contained the evidence for its boundaries to the north and east. Additionally, to the south
and west, the child was placed against the wall of the rockshelter, where sedimentation is
heterogeneous, due to the existence of boulders and hollows that cause natural horizontal
variation of the sedimentary context.
Because evidence from adjacent sediments has been erased, the existence of a pit is
inferred mainly on the basis of the Lagar Velho 1 skeletal position. The hips were placed at a
lower depth than the feet and shoulders (see Fig. 11-13), demonstrating the existence of a
depression to which the pelvic area accommodated. Whether this depression was natural or
produced purposefully for the inhumation remains unclear.
The maximum difference in elevation between elements of the skeleton found in situ in
square L20 is 14 cm (see Fig. 11-13). The position of the body implies that some body parts
rested at higher elevations than others, those most protruding from the average depth of the
axial skeleton being the cranium (because of its globular shape), the right shoulder and arm
(because the body was placed in the grave slightly tilted to the left), and the feet. The last, however, were largely under the rocky overhang into which the grave was placed (Fig. 11-10), protecting them from the pre-discovery disturbance caused by terracing, which, therefore, only
affected the head and right shoulder and arm. These facts imply that the original pit must
have been deeper than 14 cm, possibly as much as 30 cm.
Evidence from charcoal and ash deposits under the skeleton (Chapter 9) suggests careful
preparation of the grave, including the burning of a Pinus sylvestris branch in the bottom of the
pit before disposal of the body. This created a
microstratigraphy strikingly similar to that
observed in association with the Sunghir adult
burial (Binant, 1991b); the ochre-covered inferior surface of the bone laid in contact with a
thin whitish layer (ashes?), which, in turn,
directly overlay a charcoal lens. In the case of
Sunghir, the coals must have still been hot
when the body was laid down in the pit,
explaining the burning of some of the human
bones and ornaments. At Lagar Velho, this
sequence was observed only under the legs (no
trace of charcoal or ashes was visible underneath the remaining skeletal portions), but its
existence nonetheless suggests a similar ritual
of lighting a fire at the bottom of the pit before
actual disposal of the body.
The large limestone boulder placed over
the right edge of the skeleton (Fig. 11--14) cannot be securely defined as part of the burial
architecture, given the pre-discovery disturbance of the burial context. It is possible, however, that this and other rocks might have covered the body, sealing it and marking its location, as documented in other cases, such as
Barma Grande and Bruniquel (cf. Binant,
1982, 1991b; Riel-Salvatore and Clarke, 2001 FIG. 11-13 – Z scores for the skeletal remains exhumed in L20
(values above sea level, in meters).
for reviews).
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Grave Goods
Besides the ornaments presented in Chapter 10, a few faunal elements found in the Lagar
Velho 1 burial are possible grave goods: the red deer pelves at the cranial and pedal extremities
of the body, and the rabbit bones exhumed from between the child’s tibiae (Figs. 11-2, 11-8 and
11-14). Purported grave goods, however, are perhaps the most controversial element in a mortuary context (cf. Smirnov, 1989), because questions arise as to the nature of their association
with the funerary feature: post-depositional processes, accidental association of pre-existing
components of the deposits into which the burial was placed, or original burial practices.
One way of evaluating the nature of the exogenous elements present in a grave is by
comparing them with the contents of surrounding deposits, in order to evaluate whether
similar elements were naturally pre-existent or unique to the grave pit. Where the fauna is
concerned, this was done in Chapter 8, in which it was concluded that the partial immature
rabbit skeleton preserved in anatomical position across the child’s lower limbs could only be
interpreted as the intentional offering of a dead animal.
The condition of the surfaces of the two red deer pelves is significantly better than that
of the faunal elements that represent the natural faunal background of the sediments making up the gs geoarcheological complex. The latter assemblage was accumulated by carnivores, and the bones therein presented obvious marks of their action or of that of rodents,
whereas the two deer pelves are in pristine condition. This dichotomy can only be explained
if their proveniences are distinct, the latter having entered the grave pit as part of the burial
ritual and becoming protected from subsequent bioturbation in the same way as the human
bones of the child’s skeleton itself.
Moreover, both pelves were in direct contact with the body and exactly at the same elevation as the latter, the pelvis by the right shoulder having been affected by terracing much
in the same way as the child’s skull, fragments of it having been found displaced a few centimeters eastwards. The large size of these deer bones and their close association with the
body preclude an accidental association with the burial context, since, if pre-existent, they
had to have been noticed by those who excavated the grave pit. The fact that there was no disturbance of the skeletal elements of the child adjacent to the two pelves also precludes a postdepositional intrusion. The radiocarbon dating of one of these pelves (Chapter 7) proves contemporaneity with the burial event. Therefore, the most parsimonious explanation is that
both entered the burial context as grave offerings, probably as meat parts (see Chapter 3 for
further discussion of this hypothesis).
The second element — the bones of an immature rabbit — is worth a little more attention (see also Chapter 8). Identified as 5 sequential vertebrae almost in anatomical connection
(Fig. 11-8), associated with 11 ribs from both sides, this assemblage of associated bones was
directly in touch with the child’s right and left tibiae; the lower surfaces of the vertebrae were
stained with red ochre, which can only be explained if the rabbit had been placed together with
the child, over the shroud covering the body. An additional rabbit sacrum, also covered with red
ochre, was identified next to the child’s right ilium. These and other segments of a single animal recovered in the fill of the grave pit must have been part of the mortuary complex, accompanying the child after death. Natural decomposition processes led to the dismemberment and
fragmentation of the rabbit’s skeleton, the bones showing no sign of consumption by carnivores. The hypothesis that these bones belong to an intrusive rabbit is not sustainable, given
the perfect preservation of the anatomical position of the child’s lower limb bones.
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FIG. 11-14

– Reconstruction of the burial context based on the excavation plans, drawings and field notes.

Summary
Gathering together the information from the field notes, all the elements considered in the
present description point to the positive identification of intentional burial with deposition of
grave goods and treatment of the cadaver. The child represented by the Lagar Velho 1 skeleton
was buried in a shallow grave pit (possibly 30 cm deep), against the wall of the rockshelter, fully
enveloped in a shroud covered with red ochre. The body was intentionally placed on its back,
with head and body slightly tilting to the left, hands along the hips, feet tucked together. The
child had a headdress decorated with red deer canines and a necklace with a shell bead was
around his neck. A dead immature rabbit was placed on top of the shroud, as a funerary gift, and
two red deer pelves by the right shoulder and feet may represent meat offerings. The place of the
burial was never disturbed while there was memory of the presence of the young child’s body.
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chapter 12

| The Artifact Assemblages

❚ FRANCISCO ALMEIDA ❚ CRISTINA GAMEIRO ❚ JOÃO ZILHÃO ❚

Except for the artifacts belonging to the Lagar Velho 1 burial, the pre-23 000 BP
deposits at Lagar Velho yielded no artifacts in the areas excavated between 1998 and 2001
(see Chapters 2, 3, 4, 10 and 11). In Sector EE, two well-preserved living floors, dated to
ca.23 and ca.22.5 kyr BP, respectively, are still under excavation, and analysis of the lithic
assemblages being recovered therein is premature. In this chapter, therefore, only the
material collected in Sector TP, the “Hanging Remnant”, will be presented. The assemblages concerned here date to the period between 21.5 and 20 kyr BP and were obtained
in the course of the profiling work described in Chapters 2 and 3. This work, it must be
borne in mind, sampled a small remnant of what must have been extremely dense archeological deposits. The richest in the shelter’s sequence of human occupations, those
deposits were almost completely removed and obliterated by bulldozing activity prior to the
discovery of the site.
Profiling of the hanging remnant resulted in the excavation of a volume of sediments
estimated to be less than 2 m3. Given the amount of material recovered (Table 12-1), the density of finds is, therefore, impressive. However, as discussed in Chapter 3, this is likely to
result from the particular site formation processes involved, which may have included
grain-size sorting and, thus, may have caused a selective transportation to this part of the
shelter of the smaller size ranges of the lithic debris produced and discarded by humans
throughout the period.

Table 12-1
Lagar Velho, Hanging Remnant. Amounts of lithics per stratigraphic unit.
Lithics per layer
Layers

Assemblages

N

% of Total

Chips in assemblage
N

%

84

TP06

Terminal Gravettian

3582

28

3012

TP09

Middle Solutrean

2763

22

2267

82

TP091

Middle Solutrean

285

2

202

70

Mixed

6246

48

4820

77

12 876

100

10 301

80

TP07 & TP08
Total

The reduced size and particular provenance of the available samples condition the significance of the results presented below. Nevertheless, the stratigraphic resolution of the
sequence, its extensive dating, and the integrity of the lithic assemblages shed further light
on the lithic production systems and the lithic assemblage variability of this transitional
period. Detailed analysis of the collections from levels TP06 (previously described as ProtoSolutrean but for which, given the reasons explained in Chapter 3, the designation of Terminal Gravettian is now preferred) and TP09 (Middle Solutrean) was therefore justified and
is provided in this chapter.
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The Terminal Gravettian Assemblage
Raw Material Selection and Economy
Fig. 12-1 presents the inventory of the assemblage from level TP06, by artifact class and
raw material type, for a total of 3582 items. Quartz is dominant (44% of the total, 48% if crystal quartz is included), followed by flint (28%), quartzite (23%) and chalcedony (0.4%). If
chips and chunks are excluded, however, these percentages change considerably; out a
total of 509 items, flint becomes 38% and quartz and quartzite 30% each. In spite of the
decrease in the percentage of quartz when debris are excluded, it is still clear that this raw
material was intensively used, which is in line with the general pattern previously established for the Terminal Gravettian and the Proto-Solutrean of Estremadura, where quartz
percentages reach 40% at some sites (Zilhão, 1995, 1997; Zilhão et al., 1997, 1999; Almeida,
2000, 2001).

FIG. 12-1

– Lagar Velho, level TP06. Inventory of the lithic assemblage.

Although raw material sourcing studies have not yet been carried out for the Lapedo
Valley, some work is available for neighboring areas. On the basis of this work, it seems reasonable to suggest that the importance of non-flint raw materials is not related to the rarity of flint and, hence, to putative difficulties in the procurement of the latter. Rather, as is
the case elsewhere, such an importance must be essentially an artifact of cultural choice (Zil-
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hão, 1995, 1997; Zilhão et al., 1999; Almeida, 2000). While it is recognized that
Estremadura is the region of Portugal richest in flint, detailed research of raw material’s
characteristics, including petrography and the establishment of clear geographical limits for
each identified type are non-existent or, at best, rare (Thacker, 1996). The flint sources
described in the literature that lie closest to the Lapedo Valley are in Rio Maior and Caxarias,
the latter being less than 20 km away from the Lagar Velho shelter. However, given the
area’s bedrock, it is clear that other, much closer, sources must exist. Thus, considering the
general spectrum of hunter-gatherer settlement and mobility strategies, flint can be considered as having been collected at a “local” scale. Quartz and quartzite, on the other hand,
are immediately available, either in the bed of the Ribeira da Caranguejeira itself or in the
gravel accumulations corresponding to ancient fluviatile terraces or to Tertiary deposits preserved at higher elevation (see Chapter 4).
Analysis of the cortical surfaces of cores indicates an exploitation of secondary sources
of alluvial gravels; all six cases where cortex was preserved show evidence of heavy rolling
(Tables 12-2, 12-3 and 12-4). However, if the majority of the cores collected in the mixed
deposits of TP07 and TP08 originated in level TP06, as is probable, then the ensuing pattern of raw material collection would correspond to a mixed strategy; this would involve the
collection of quartz in gravel deposits, but, since non-rolled alteration cortex types predominate among flint cores, the collection of the latter would have been in non-alluvial contexts.

Table 12-2
Lagar Velho, layer TP06. Core typology.
Cobble with single removal
Informal
Prismatic, multiple platform
Carinated
Fragment
Total

Flint

Quartz

Quartzite

Total

–
1
–
–
–
1

–
–
1
1
1
3

2
–
–
–
1
3

2
1
1
1
2
7

Table 12-3
Lagar Velho, layer TP06. Attributes of cores for flake production.
Cobble with single removal
Quartzite
Quartzite

Informal core
Flint

Core fragment
Quartzite

Cortex

Rolled Alteration

–

–

1

–

Rolled

1

1

–

1

Platform

Cortical

1

1

–

1

Flat/Unfacetted

–

–

1

–

Length (cm)

10.30

9.31

4.07

5.66

Width (cm)

8.91

7.22

2.31

5.12

Thickness (cm)

4.34

6.75

1.82

3.11

Length of major debitage axis (cm)

3.60

6.44

2.55

–

Volume (cm3)

398

453

17

90

Weight (g)

531

634

28

81

Angle of last platform (0)

90

85

–

–

Metric Attributes

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

204

Table 12-3 [cont.]
Cobble with single removal
Quartzite
Quartzite

Informal core
Flint

Core fragment
Quartzite

Initial Block

Cobble
Flake

–
1

1
–

1
–

1
–

1
–
–
–

1
1
1
–

1
–
–
–

1
–
1
1

Prismatic

Carinated

Fragment

None

–

1

–

Rolled

1

–

1

1

1

–

Length (cm)

2.91

2.67

3.83

Width (cm)

2.46

1.79

3.17

Abandonment Attributes

Hinging
Geodes
Fracture
Cleavages

Table 12-4
Lagar Velho, layer TP06. Attributes of bladelet cores.
Cortex

Platform

Flat/Unfacetted
Metric Attributes

Thickness (cm)

2.55

1.36

2.12

Length of major debitage axis (cm)

2.42

2.18

–

Volume (cm )

18

6.5

26

Weight (g)

19

8

25

110

55

–

Cobble

1

–

1

Flake

–

1

–

Hinging

1

1

1

Fracture

–

1

1

Cleavages

1

–

1

3

0

Angle of last platform ( )
Initial Block

Abandonment Attributes

Technological Patterns
Since neither the context nor the characteristics of the sample recommended the
application of refitting techniques (and the same applies to level TP09, as discussed below),
it was decided to undertake a technological study based on attribute analysis and focusing
on the production of elongated blanks. Although essentially static, this approach permits
the definition of the basic features of lithic production systems and the presentation of an
average perception of the main economic and technological choices underlying them.
Given the small number of cores that can safely be attributed to level TP06, this approach
implied a detailed study of blanks, especially of bladelets.
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Flint Technology
The high percentage of chips (80%) indicates that flint-knapping activities were undertaken at the site. These seem to have included, at least partially, the core decortication and
preforming stages. The 11 cortical flakes and 25 partially cortical flakes, even though their
sizes are relatively small when compared with the non-cortical elements, show that at least
some of the flint cores and blanks entered the site with cortex on their surfaces. The crest
technique, on the other hand, and as usual in the Portuguese Upper Paleolithic (with the
exception of the Aurignacian), is rare; only four crested elements were collected. Several previous studies on the technological characteristics of the Terminal Gravettian (Zilhão, 1995,
1997; Almeida, 2000) have shown that little investment is put into the preparatory stages
of core preforming. Cresting is rarely used, the preparation of guiding edges for bladelet
extraction being achieved during decortication, via the purposeful obtaining of adequate
intersections between two large preparatory removals.
Very few artifacts related to core maintenance operations were found: only one core
tablet and three lateral resharpening flakes from carinated cores. The presence of the latter is a safe indicator that flint bladelet production followed, at least in part, a
carinated/thick-nosed reduction strategy. This inference finds additional support in the
results of the detailed technological study of bladelets presented below.
When chips and chunks are excluded, the dominance of flakes (72%) over bladelets
(28%) becomes more apparent. A single blade was collected; its attributes, especially the
width, suggest that it was produced during the initial stages of exploitation of a bladelet core.
The relatively small percentage of bladelets showing cortex on the dorsal surface (9%) suggests that the production of elongated blanks required more investment in decortication and
preparation than was the case for flakes.
Although the sample of unretouched bladelets is far from sufficient for a complete
technological study, some patterns can be detected (see Table 12-5 for the main quantitative
attributes). In order to investigate if there were considerable differences between the
bladelets produced in the initial and main stages of core exploitation, attribute analysis
(Table 12-6) following the methodology suggested by Zilhão (1995, 1997) was followed;
bladelets presenting either cortex or a triangular cross-section were considered as belonging to the initial phases of debitage, while those with a trapezoidal cross-section and no cortex were considered desired endproducts.

Table 12-5
Lagar Velho, layer TP06. Metric attributes (mean ± standard deviation at 1 σ, in cm)
and extension of cortex cover on the dorsal face of flint bladelets.
Number

Whole

Proximal

Mesial

Distal

All

28

6

4

7

45

26
2
1.81 ± 0.50
0.65 ± 0.16
0.21 ± 0.10

6
–
1.16 ± 0.80
0.75 ± 0.30
0.19 ± 0.80

3
1
1.05 ± 0.19
0.41 ± 0.70
0.15 ± 0.10

6
1
1.35 ± 0.25
0.55 ± 0.90
0.15 ± 0.28

41
4
1.72 ± 0.55
0.65 ± 0.18
0.22 ± 0.15

Cortex cover

0%
0-25%
Length
Width
Thickness
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Table 12-6
Lagar Velho, layer TP06. Attributes of flint bladelets by debitage phase.
Initial Phase

Main Phase

N

%

N

%

13
4

76
24

29
–

100
–

7
4
–
2
1

50
29
–
14
7

11
5
1
5
–

50
23
4
23
–

5
1
–
4
2

42
8
–
33
17

10
–
3
7
4

42
–
12
29
17

Present

11

92

24

100

Absent

1

8

–

–

6
6

50
50

7
17

29
71

3
–
3
10
1

18
–
18
59
6

3
7
–
15
4

10
24
–
52
14

1
13
2
1
–
–

6
76
12
6
–
–

–
–
–
23
5
1

–
–
–
79
17
3

10
2
5

59
12
29

14
5
10

48
17
34

1
11
3
1
–
1

6
65
18
6
–
6

–
18
9
1
1
–

–
62
31
3
3
–

6
11

35
65

10
19

34
66

17

100

29

100

Cortex cover

0%
0-25%
Distal End

Diffused/feathered
Hinged
Overpassed
Pointed
Cortical
Platform Type

Flat/Unfacetted
Dihedral
Linear
Punctiform
Smashed
Lipping

Platform Reduction (Abrasion)

Absent
Present
General shape

Parallel edges
Convergent edges
Biconvex edges
Irregular edges
Concave-convex edges
Cross-section

Flat
Triangular
Triangular with 90° angle
Trapezoidal
Trapezoidal with 90° angle
Irregular
Profile

Straight
Curved
Twisted
Dorsal scar patterns

Cortical
Parallel
Convergent
Crossed
Bidirectional
Single Facet
Artifact Symmetry

On-axis
Off-axis
Undulation

Absent
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Technological attributes related to platform preparation techniques were studied both
on whole pieces and proximal fragments, and they included platform type, platform edge
treatment and presence/absence of lipping. While some of the studied attributes show no
significant differences between the two phases of debitage, others definitely indicate that
more care was taken during the main phase, as indicated by the presence of abrasion on the
striking platforms, sometimes associated with linear and punctiform platform types.
Although following the general patterns of other Terminal Gravettian assemblages, that is,
showing a dominance of flat, unfacetted platforms (42% in both debitage phases) and the
absence of platform facetting, the production of flint bladelets in level TP06 of Lagar Velho
seems, nevertheless, to provide evidence for more investment in the treatment of edges.
This is indicated by the predominance of abraded platforms (50% and 71%, respectively, in
bladelets from the initial and main debitage phases).
The presence of abrasion, although relatively rare in other assemblages from the Terminal Gravettian of Portuguese Estremadura (Almeida, 2000), has been detected in contexts of both the preceding Late Gravettian, such as Terra do Manuel 1940-42 and Cabeço
de Porto Marinho II Lower Base, and in the succeeding Proto-Solutrean with Vale Comprido
points, such as Vale Comprido-Encosta (Zilhão, 1995, 1997). Lipping, an attribute usually
associated with abrasion as a result of the use of soft hammer techniques (Pelegrin, 2000),
is rare in the assemblage from Lagar Velho TP06; a single case was detected, an initial phase
bladelet.
Analysis of the general morphology of bladelets shows, as expected, a higher frequency (59%) of irregular edges in the initial debitage phases. Although irregular edges were
also found in main debitage bladelets, what seems to be more significant here is the percentage (38%) of converging or concave-convex edges, suggesting that at least part of the
bladelets were produced in the framework of a carinated/thick-nosed technology. This is further reinforced by the study of profiles (the percentage of curved and twisted specimens
increases from 41% in the initial phase to 51% in the main phase) and distal ends (the percentage of naturally pointed specimens increases from 14% in the initial phase to 23% in
the main phase, even if feathered types — 50% — predominate in both).
The combined observation of profiles and dorsal scar patterns suggests that the production of bladelets was undertaken following two main reduction strategies: prismatic,
mainly documented by the straight profiles associated with parallel or converging dorsal scar
patterns (as well as parallel edges), and carinated/thick-nosed, documented by twisted and
curved profiles, associated with parallel or converging unidirectional dorsal scar patterns
and pointed distal tips. As previously shown (Almeida, 2000, 2001), some of the main
advantages of using a carinated technology for bladelet production lie in the standardization of blank length that it allows and in the simpler maintenance of the debitage surface
that it requires (with no need for regular rejuvenation through the removal of core flanks,
for instance).
The analysis of the dorsal scar patterns further suggests that most of the reduction
strategies applied were essentially unidirectional in character. A single bladelet shows a bidirectional pattern. Furthermore, the absence of undulation in all studied bladelets indicates
that no bipolar strategies were used.
To sum up, bladelets from the main phase of debitage show some evidence for more
investment in platform preparation, especially through the use of abrasion, as well as an
increase of regular edges associated with curved or twisted profiles, suggesting that the
desired end products were obtained essentially through a carinated type technology. Some
bladelets show attributes that could derive from a more traditional prismatic strategy. The
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presence in the tool sample (Table 12-7) of a single marginally retouched bladelet further
indicates, as in other contexts of the region’s Terminal Gravettian (Zilhão, 1995, 1997;
Aubry et al., 1997; Almeida, 2000), that most of the produced bladelets were used as essentially unmodified or only marginally retouched lithic barbs.

Table 12-7
Lagar Velho, layer TP06. Tool typology.
Tool-type

5a
17
35
74
75
90c
92b

Endscraper on retouched blade
Burin-Scraper
Burin on oblique truncation
Notch
Denticulate
Bladelet with marginal retouch
Tool fragment
Total

Flint

Milky Quartz

Quartzite

Total

1
1
1
2
4
1
2
12

–
–
–
2
–
–
–
2

–
–
–
–
1
–
–
1

1
1
1
4
5
1
2
15

Quartz Technology
As is the case with flint, the high percentage of chips (90%) confirms the local knapping of quartz (Fig. 12-1). Flakes are the best-represented blank type: 125 specimens, corresponding to 78% of the total amount of quartz blanks, of which 32% show cortex on their
dorsal surfaces. Thus, at least part of the decortication of quartz cores was performed on site.
Contrary to flint, there is no evidence of further core preparation; neither crested elements
nor core tablets were found. This pattern is typical of Terminal Gravettian quartz reduction
strategies. As documented in the assemblage from level 2 of Lapa do Anecrial (Zilhão, 1995,
1997; Almeida, 2000), when present, preparation is limited to the creation of flat, unfacetted
platforms and usually restricted to high quality milky quartz or crystal quartz raw material
varieties. In the Lagar Velho assemblage, the two cores where the attribute was visible had
flat platforms. All quartz cores were for bladelets: a core fragment, a multiple platform prismatic core, and a carinated bladelet core resulting from the secondary exploitation of a flake
(Table 12-2).
A single quartz blade was found, which suggests accidental production during the initial phase of reduction of a bladelet core. A total of 15 bladelets were recovered, corresponding to 10% of the sample of blanks, a sample size that limits analysis to broad suggestions
on the nature of the reduction strategies applied to this raw material. Only three specimens
present cortex on their dorsal faces, suggesting that the production of quartz bladelets was
preceded by careful decortication of the core or, at least, of the core’s debitage surface.
Tables 12-8 and 12-9 give the main attributes of quartz bladelets. Punctiform platforms
dominate, and both facetting and lipping are absent. As is the case with flint, abrasion is more
common in bladelets from the main debitage phase. Analysis of scar patterns indicates that
reduction strategies were essentially unidirectional in character; a single specimen exhibits a
bidirectional dorsal face. Twisted and curved profiles are better represented than straight ones,
suggesting that, as with flint, a portion of the bladelets were produced through carinated technology. This is further attested by some bladelets with concave-convex and biconvex edges.
Overall, the attributes anaysed in the small sample of quartz bladelets and cores from
level TP06 show that the production of barbs in this type of raw material followed the same
reduction strategies used for flint. Such a pattern is frequent in the Terminal Gravettian of
Portuguese Estremadura.
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Table 12-8
Lagar Velho, layer TP06. Metric attributes (mean ± standard deviation at 1 σ, in cm)
and extension of cortex cover on the dorsal face of quartz bladelets.
Total

Whole

Proximal

Distal

All

9

5

1

15

6
2
1
1.55 ± 0.43
0.47 ± 0.21
0.20 ± 0.10

5
–
–
1.00 ± 0.31
0.55 ± 0.24
0.12 ± 0.07

1
–
–
1.41
0.52
0.18

12
2
1
1.36 ± 0.45
0.50 ± 0.20
0.17 ± 0.09

Cortex cover

0%
0-25%
50-75%
Length
Width
Thickness

Table 12-9
Lagar Velho, layer TP06. Attributes of quartz bladelets by debitage phase.
Initial Phase

Main Phase

N

%

N

%

7
2
1

70
20
10

5
–
–

100
–
–

7

77.8

1
1

11.1
11.1

1
1
–
–

50
50
–
–

1
–
4
5

10
–
40
50

–
1
3
–

–
25
75
–

9

100

4

100

8
1

89
11

2
2

50
50

2
1
–
1
5
1

20
10
–
10
50
10

1
–
2
1
–
1

20
–
40
20
–
20

7
1
1
1

70
10
10
10

–
–
5
–

–
–
100
–

4
2
4

40
20
40

2
1
2

40
20
40

Cortex cover

0%
0-25%
50-75%
Distal End

Diffused/feathered
Overpassed
Pointed
Cortical
Platform Type

Dihedral
Linear
Punctiform
Smashed
Lipping

Absent
Platform Reduction (Abrasion)

Absent
Present
General shape

Parallel edges
Convergent edges
Diverging edges
Biconvex edges
Irregular edges
Concave-convex edges
Cross-section

Triangular
Triangular with 90° angle
Trapezoidal
Trapezoidal with 90° angle
Profile

Straight
Curved
Twisted
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Table 12-9 [cont.]
Initial Phase

Main Phase

N

%

N

%

1
9
–

10
90
–

–
3
2

–
60
40

3
7

30
70

3
2

60
40

10

100

5

100

Dorsal scar patterns

Cortical
Parallel
Convergent
Artifact Symmetry

On-axis
Off-axis
Undulation

Absent

Quartzite Technology
Although quartzite makes up a significant proportion of the lithic assemblage, technological information on the use of this raw material is scarce. The high percentage (76%)
of chips indicates, as was the case for flint and quartz, on-site knapping of quartzite cobbles
(Fig. 12-1). The same can be said about decortication, since cortical areas occur in 32% of
the blanks. This is not surprising, since, as mentioned above, most of the quartzite cobbles
were probably collected in the vicinity of the site.
Overall, quartzite cobbles seem to have been exploited essentially for the production
of flakes. These represent 97% of the blanks (only one blade and two bladelets were found),
and all the studied cores are cores for flakes (Tables 12-2 and 12-3). There was little if any
investment in the preparatory stages of quartzite debitage. The raw material entered the site
as whole cobbles, and the production of flakes was carried out in an expedient way, using
cortical platforms. Cores were abandoned due to hinge fractures in the debitage surfaces.
Tools are rare and for the most part non-formal.

Conclusion
Most of the 15 retouched tools (12 of which are of flint) belong to informal types, such as
notches and denticulates, in quartz or quartzite as in flint, and a single bladelet tool, bearing
marginal direct retouch, was found (Table 12-7). Although such a pattern is not very different
from that previously observed in other Terminal Gravettian or Proto-Solutrean Portuguese
sites, the small sample from level TP06 of Lagar Velho prevents any significant typological
comparison. It is clear, however, that the lithic production system and main reduction strategies are the same as those documented in other sites from the same period (Zilhão, 1995, 1997;
Almeida, 2000). The same happens with the patterns of raw material selection and economy.
The intensive use of quartz falls nicely within the Terminal Gravettian range of variation and,
whenever of good quality, quartz was exploited in the same manner as flint.
Core decortication and preforming follow already described patterns. The crest technique is rare, core platforms are mainly flat, and facetting is absent. However, contrary to
other Terminal Gravettian sites and more similar to assemblages from the Proto-Solutrean
with Vale Comprido points, abrasion was frequently applied to the preparation of platform
edges, especially when the production of bladelets reached its main phase.
Flint and quartz bladelets are the main desired endproducts of debitage operations.
Blades are rare and probably correspond simply to a tail in the distribution of bladelet
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– Lagar Velho, artifacts from the hanging remnant (drawings by T. Aubry): 1. Vale Comprido point (unit Q.Z,
excavation spit 2, level TP08, mixed deposit); 2. blade with microfacetted platform (collected on the post-buldozing site
surface, at the foot of units Q.A-Q.D); 3. pointe à face plane (unit Q.D, upper deposit, level TP091, Middle Solutrean); 4.
bladelet core, quartz (unit Q.V, excavation spit 1, level TP09, Middle Solutrean); 5. bone sagaie (unit Q.Ywest, level TP08,
mixed deposit); 6. laurel leaf (unit Q.W, excavation spit 2, level TP09, Middle Solutrean); 7. laurel leaf (unit Q.W, excavation
spit 1, level TP09, Middle Solutrean).
FIG. 12-2
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blanks, since they consist of specimens with larger widths accidentally produced during the
initial stages of bladelet core exploitation. Where reduction strategies are concerned,
attribute analysis suggests that, independent of raw material (flint or quartz), bladelets were
produced through unidirectional strategies of essentially two kinds, prismatic and carinated,
which may have been combined in the framework of any single core reduction sequence.
Such a combination is typical of the Portuguese Terminal Gravettian and has been thoroughly documented by refitting studies (Almeida, 2000).
As discussed in Chapter 3, the two single instances of Vale Comprido points (e.g. Fig.
12-2, no. 1) found in the hanging remnant were collected in the fill of the erosional channel located in units Q.Y and Q.Z. Given their uncertain provenance, it cannot be ascertained
whether they were abandoned at the site during its Terminal Gravettian occupation or at a
later date. The same is true of the sagaie bone point illustrated in that same figure (no. 5).

The Middle Solutrean Assemblage
Raw Material Selection and Economy
A total of 2763 lithic artifacts were collected during the excavation of level TP09 of Lagar
Velho (Table 12-1). Of these, 2267 are chips, corresponding to 82% of the sample and indicating that local knapping was intense. This applies to all raw materials, including those that are
less represented in larger artifact classes, such as crystal quartz and chalcedony (Fig. 12-3).

FIG. 12-3

– Lagar Velho, level TP09. Inventory of the lithic assemblage.
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Flint is the best-represented raw material (38%), as in the other Solutrean contexts of
Portuguese Estremadura. Still, the proportions of quartz and quartzite are not negligible,
34% and 20% respectively. If chips, chunks and varia are excluded, the percentages vary
slightly, with 45% for flint, 28% for milky quartz and 22% for quartzite. No flint cores were
found, and analysis of cortex in quartz and quartzite cores suggests the collection of rolled
cobbles in secondary gravel deposits such as those which can be found in the vicinity of the
site. The main raw material exploited for the production of elongated blanks, especially
bladelets, was flint and, to a lesser degree, chalcedony, milky quartz and crystal quartz. As
in level TP06, quartzite seems to have been exploited solely for the expedient production
of flakes.

Technological Patterns
The sample from level TP09 is poor in abandoned cores; only seven were collected,
of which six are quartz and one quartzite. As with the sample from level TP06, technological analysis of the main reduction strategies used in the production of elongated flint
blanks must therefore be based on attribute analysis, focusing on the characteristics of
blanks.

FIG. 12-4

– Lagar Velho. Histogram of the widths of flint elongated blanks. Above: level TP09. Below: level TP06.
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Flint Technology
Decortication is represented by six cortical flakes and 26 partially cortical flakes, representing 25% of the total for this blank type and 18% of the total for all blanks. The crest
technique, although rare, is represented by two elements. Core maintenance is also represented by a very small number of artifacts; only two core tablets were collected.
Flakes are the most common type of blank: 55% of all blanks, 68% when only non-cortical elements are considered. The sample of elongated flint blanks is clearly dominated by
bladelets (38), which corresponds to 27% of all non-cortical elements. Burin spalls are rare
(only two specimens were recognized as such) and the very small sample of blades (only six)
seems to have been produced in the framework of bladelet reduction strategies, as shown
by their narrow widths (Fig. 12-4). The low percentage (13%) of items with cortex on the dorsal surface among bladelets indicates that the production of elongated blanks implied significant investment in the decortication and preparatory stages of flint core reduction. Fig.
12-4 also suggests that the production of flint-elongated blanks may have been slightly
more standardized during the Middle Solutrean than during the Terminal Gravettian, but
the difference is not statistically significant.
Tables 12-10 and 12-11 present the main characteristics of the flint bladelets analyzed.
Comparison of blanks produced during initial and main debitage phases shows that, overall, little investment was put into platform preparation. Facetting and microfacetting (a typical preparation of blade platforms in the Middle Solutrean of the Portuguese Estremadura)
are both absent. Flat/unfacetted platforms (45%) dominate the sample, regardless of debitage phase. Linear and punctiform platforms are present, however, and they are frequently
associated with abrasion. This technique of platform reduction seems to be more often
applied during the main debitage phase, where eight bladelets out of 16 presented the
attribute. Although abrasion is often associated with lipping, as a result of the use of soft
hammering, such an association has not yet been detected in Lagar Velho TP09; lipping was
not recognized in any of the bladelet platforms studied.
Analysis of blank morphology indicates a heterogeneous set of edge shapes, convergent
edges being those best represented in both debitage phases (five out of 17 in initial phase
bladelets, eight out of 21 in main phase bladelets). Concave-convex edges are rare (only five),
suggesting that carinated reduction strategies, if used at all, were rarely geared toward
bladelet production. This pattern is further reinforced by the rarity of naturally pointed
bladelets (only one, distal ends being mostly diffused-feathered) and by the low values for
curved and twisted profiles.

Table 12-10
Lagar Velho, layer TP09. Metric attributes (mean ± standard deviation at 1 σ, in cm)
and extension of cortex cover on the dorsal face of flint bladelets.
Whole

Proximal

Mesial

Distal

All

22

7

3

6

38

18
2
2
1.73 ± 0.48
0.53 ± 0.18
0.13 ± 0.05

6
1

3

6

1.27 ± 0.31
0.46 ± 0.13
0.16 ± 0.07

1.58 ± 0.36
0.51 ± 0.12
0.11 ± 0.02

1.61 ± 0.47
0.53 ± 0.17
0.14 ± 0.06

33
3
2
1.60 ± 0.54
0.62 ± 0.18
0.18 ± 0.10

Number
Cortex cover

0%
0-25%
25-50%
Length
Width
Thickness
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Table 12-11
Lagar Velho, layer TP09. Attributes of flint bladelets by debitage phase.
Initial Phase

Main Phase

N

%

N

%

12
3
2

71
18
12

21
–
–

100
–
–

8
1
–
3

67
8
–
25

14
1
1
–

88
6
6
–

–
5
1
2
3

–
45
9
18
27

1
8
2
4
3

6
44
11
22
17

Cortex cover

0%
0-25%
25-50%
Distal End

Diffused/feathered
Hinged
Pointed
Cortical
Platform Type

Cortical
Flat/Unfacetted
Linear
Punctiform
Smashed
Lipping

Present

–

–

–

–

Absent

9

100

16

100

6
3

67
33

8
8

50
50

3
5
2
1
4
2

18
29
12
6
24
12

3
8
2
–
5
3

14
38
10
–
24
14

1
11
5
–

6
65
29
–

–

–

19
2

90
10

13
2
2

76
12
12

12
4
5

57
19
24

–
11
4
1
–
1

–
65
24
6
–
6

–
14
6
–
1
–

–
67
29
–
5
–

11
6

65
35

12
9

57
43

17

100

21

100

Platform Reduction (Abrasion)

Absent
Present
General shape

Parallel edges
Convergent edges
Divergent edges
Biconvex edges
Irregular edges
Concave-convex edges
Cross-section

Flat
Triangular
Trapezoidal
Trapezoidal with 90° angle
Profile

Straight
Curved
Twisted
Dorsal scar patterns

Cortical
Parallel
Convergent
Crossed
Crossed at distal end
Single Facet
Artifact Symmetry

On-axis
Off-axis
Undulation

Absent
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The combined analysis of distal ends, general shape and profiles indicates that most
of the flint bladelets from level TP09 were produced through a prismatic technology. The
study of the dorsal scar patterns further suggests that most of the reduction strategies were
essentially unidirectional, regardless of debitage phase; parallel and converging scar patterns
constitute more than 90% of the sample and no bi-directional ones were observed.
As with level TP06, these analyses must be considered preliminary. Previous studies
of Middle Solutrean blade technology (Zilhão, 1995, 1997) described the systematic presence of microfacetted platforms and the frequent use of bidirectional prismatic reduction
strategies (see below). However, the sample of bladelets from level TP09 is too small and
most if not all of the blades collected are clearly part of the bladelet extraction process.
Quartz and Quartzite Technology
Quartz is the second best represented raw material, with a total of 960 artifacts, of
which 823 are chips (Fig. 12-3). The presence of three cortical flakes and 28 partially cortical flakes indicates that all stages of the reduction sequence, including initial decortication,
are represented at the site. This is not surprising, since quartz is available nearby. Thus, it
is quite likely that quartz entered the site as complete cobbles.
The Middle Solutrean exploitation of quartz seems to have focused on the production
of flakes. Elongated blanks (exclusively bladelets) represent less than 5% of the total blank
sample (Fig. 12-3). Analysis of the few cores available (only six) indicates that flakes were produced using a heterogeneous set of reduction strategies, including unidirectional prismatic and secondary exploitation of flakes. The only quartz bladelet core in the assemblage
(Fig. 12-2, no. 4) is a 23 g prismatic core with a single, flat platform abandoned due to hinging and fracture. The cores for flake production show both cortical and flat platforms.
There is no evidence that quartzite was exploited for the extraction of bladelets; the
expedient production of flakes seems to be the rule for this raw material. Quartzite cobbles
were also collected complete in nearby gravel deposits, and all stages of the reduction
sequence are recorded at the site. Decortication is represented by nine cortical and 27 partially cortical flakes. The single core is a double crossed platform prismatic flake core with
flat platforms.

Conclusion
A total of 21 lithic tools were collected in level TP09 (Table 12-12). The sample is
therefore too small for any kind of statistical treatment. Most tools (15 out of 21) are on flint;
quartz and quartzite blanks were seldom retouched, and when they were, the resulting tools
are notches and atypically retouched pieces, with the single exception of a dihedral burin
on quartz. The set of flint tools contains three Middle Solutrean type-fossils, one pointe à
face plane and the two laurel-leaf fragments illustrated in Fig. 12-2 (nos. 6 and 7). Given their
condition, classification of the latter into any of Smith’s (1966) subtypes is impossible. The
other flint tools are two burins, two notches, one scaled piece, one sidescraper, one marginally retouched bladelet and five atypically retouched pieces. Another pointe à face plane
(Fig. 12-2, no. 3) was recovered in the Upper Deposit (level TP091), suggesting, even if the
reduced sample size (Table 12-1) did not allow a proper technological study, that the artifact
assemblage recovered therein also belongs to the Middle Solutrean.
The patterns of artifact fragmentation indicate that preservation is good; for instance,
58% of the bladelets are complete, a value that is matched only by some of the Upper Pale-
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olithic contexts better sealed in colluvial and aeolian sediments previously studied by Zilhão (1995, 1997). The destruction of most of the deposit, however, truncated the original
sample dramatically; the preserved remnant is in a location peripheral to the areas of
human occupation and, as discussed initially, is also affected by post-depositional sorting
processes. This is why small-sized pieces dominate the assemblage, a pattern that is characteristic of “back of the shelter” areas. This pattern must also go a long way into explaining why some of the technological aspects previously diagnosed in the Portuguese Middle
Solutrean by Zilhão (1995, 1997), based on the study of the assemblages from Casal do Cepo
and Vale Almoinha, are missing or rare in level TP09 of Lagar Velho.

Table 12-12
Lagar Velho, layer TP09. Tool typology.
29
30a
35
69
70
74
76
77
90c
92a

Tool-type

Flint

Dihedral on angle burin
Burin on snap
Burin on oblique truncation
Pointe à face plane
Laurel leaf
Notch
Scaled Piece
Sidescraper
Bladelet with marginal retouch
Piece with atypical retouch
Total

–
1
1
1
2
2
1
1
1
5
15

Milky Quartz

Quartzite

Other

Total

1
–
–
–
–
1
–
–
–
1
3

–
–
–
–
–
2
–
–
–
–
2

–
–
–
–
–
–
–
–
–
1
1

1
1
1
1
2
5
1
1
1
7
21

Microfacetting of platforms in the framework of blade production, for instance, was
not detected, except for the blade illustrated in Fig. 12-2 (no. 3), which, unfortunately, was
found in a disturbed position, in the mixed deposits making-up the post-bulldozing surface of the site. Since this piece was collected at the foot of units Q.A-Q.D, it is quite likely
that, originally, it came from levels TP09 or TP091. Its overall morphological and technological similarity with the blanks of the pointe à face plane recovered therein, as well as
the association between the production of this tool-type and the microfacetting of blade
platforms documented by Zilhão in Casal do Cepo and Vale Almoinha, also support such
an inference.
Such an absence or rarity of microfacetting must be related to both the reduced size
of the sample and its “back of the shelter” composition. Not only the vast majority of the
elongated blanks from TP09 are bladelets, but these are also much smaller than would be
expected in a Middle Solutrean context; the inter-quartile interval for the width of elongated
blanks in the Middle Solutrean of Estremadura is, on average, of 1.0-1.5 cm, whereas in
level TP09 of Lagar Velho it is 0.4-0.7 cm (Fig. 12-4). The same virtually nil representation of the blade production component of the technological system probably accounts for
the dominance of unidirectional reductions. This is in marked contrast with Casal do Cepo
and Vale Almoinha, where high values of bi-directional dorsal scar patterns in blades cooccur with high values of double opposed platforms among prismatic blade cores.
If most of the bladelets from level TP09 of Lagar Velho were produced in the framework of reduction strategies geared toward the production of barbs, another difference may
exist that cannot be entirely explained by the provenance and composition of the available
sample. At Casal do Cepo and Vale Almoinha, such a production seems to have been made
mostly through the reduction of scaled pieces, whereas the bladelets from the Middle
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Solutrean of Lagar Velho suggest the use of prismatic unidirectional reduction strategies,
and elements suggesting alternative techniques of barb production are very few. Since it
is quite likely, however, that, in its original configuration, the assemblage from level
TP09 was technologically and typologically different from the sample available for analysis, any further speculation regarding the technological or functional significance of these
idiosyncrasies would be unwarranted.
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The Human Skeleton

chapter 13

| The Lagar Velho 1 Human Skeletal
Inventory

❚ CIDÁLIA DUARTE ❚ SIMON W. HILLSON ❚ TRENTON W. HOLLIDAY ❚ ERIK TRINKAUS ❚

The skeletal remains of Lagar Velho 1 (Figs. 13-1 and 13-2) were principally identified in
situ by CD during the burial excavation or the subsequent excavation of the scattered cranial
remains. A few additional elements were identified during the sorting of the screened sediments and faunal remains by CD and ET. This was followed by the resorting and precise identification of all of the dental and skeletal remains in the laboratory by the four of us, with CD
and ET assessing the cranial, mandibular and appendicular elements, SWH being responsible for the dental remains and TWH assessing the articulated and scattered axial remains.
Given the excellent preservation of the majority of the postcranial skeleton and the
preservation of most of it in anatomical position in situ, precise identification of a number
of the smaller elements was based on their original positions in situ relative to larger skeletal elements. This applies particularly to the hand and foot remains, since the right hand and
the right foot were essentially undisturbed in the burial. It was therefore possible to label
most of their metacarpals/metatarsals, phalanges and associated unfused epiphyses to phalangeal row and digit. Since this had been done during excavation, it was possible to assign
most of the disturbed left manual and right pedal remains correctly to digit by assuming
near symmetry and using the more complete hand and foot for reference. In all cases,
assignments were checked against morphological patterns to verify accuracy.
The thoracic skeleton and the lumbosacral region were removed en bloc and excavated in
the laboratory, principally by TWH. Rib and vertebral number were determined from their in
situ positions; only the cervical elements had to be identified based on morphology, and many
of them remain indeterminate as to number within the C3 to C7 portion of the column.
The mandible and the left inferior side of the neurocranium were discovered in approximate anatomical position, dislocated about 20 cm from their anatomically correct location. The
remainder of the inventoried cranial elements, a number of the teeth, and a large number of
small pieces of cranial vault which have not been fit onto the neurocranial assembly were scattered for some distance to the east of the burial along the rockshelter wall. The initial sorting
of the small cranial fragments was done by CD during and after excavation. The majority of the
reassembly was accomplished by ET in June 1999 and January 2000, resulting in three large
sections of the vault. During July 2000, M. Ponce de León, C.P.E. Zollikofer, R.G. Franciscus
and ET identified several additional fits, which resulted in the joining of these three large pieces
together, plus the extension of the occipital midline to opisthion.
The inventory provides a list of each separate skeletal or dental element as preserved,
with multiple entries for bones which are represented by more than one piece. The bone, side,
excavation number (excavation unit followed by the specimen number), preservation and any
inventorial considerations are indicated. The maximum preserved dimension(s) of each skeletal element is provided as an indication of its overall dimensions; rarely are these measurements equivalent to standard osteometric values, and they should not be used as such unless
repeated in the chapters on morphological aspects of the remains. When more than one identified specimen has the same field number, the different pieces are identified by lower-case
alphabetical letters that follow the numbers. Field numbers correspond to provenience loca-
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– The Lagar Velho 1
skeleton reassembled in the
laboratory.
FIG. 13-1
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– The recovery and reconstruction of the skull of Lagar Velho 1. Top left: view of the excavation, in the summer of
1999, of the disturbed area east of the burial where most of the smaller pieces of the scattered skull were recovered.
Top right: close-up view of the concentration of skull fragments in squares L23-34. Bottom: using forensic information, the
virtual skull derived from the physical reconstruction was dressed with soft issues and served as the basis for an artistic
reconstruction of the child’s facial appearance (by James Mindham and Ian Claxton, courtesy Anglia Television/Trevor
Showler; the computer-assisted reconstruction used in the animation is preliminary and differs in some details, especially
where the relative height of the posterior vault is concerned, from the final version presented in Fig. 22-5).
FIG. 13-2
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tion; if two plotted elements were associated in situ, they receive the same number, with different lower case alphabetical letters. This is the case for teeth in the mandible, which have
the same number as the jaw fragment where they were implanted (e.g.L20.42b), followed by
a lower case letter. Because screening was done in the lab, after excavation, with the aid of a
magnifying glass, many small fragments were recovered long after excavation. These elements are also labeled with a unit number followed by specimen number for that unit. Their
exact location is only known to a maximum precision of quadrant (SE, SW, NW, NE) for each
unit for every 5 cm level, corresponding to the precision of the sediment recovery.
Skeletal elements described in the present inventory are solely those that have been
identified as to anatomical portion. Some cranial fragments have imprecise locations, since
many were recovered on the surface, in visibly disturbed areas. These elements of unknown
provenience are labeled with no unit indication, only designated by a number between
brackets. Many other bone fragments have been catalogued, but because of their small
dimensions they have not been identified anatomically. Those elements are not described
here and are not part of the inventory presented.

The Cranial and Mandibular Remains
Bone

Side

Number

Preservation / Notes

Frontal

right

L24.42

Lateral orbital margin from the frontozygomatic suture to midorbit, with erosion
to the suture but retaining most of the trigonum orbitale and a portion of the
adjacent orbital roof. Maximum breadth: 27 mm; maximum depth: 21.6 mm.

Frontal

left

L20.315
L20.400a

Superior orbital margin from the frontozygomatic suture to the supraorbital
notch up on to the beginning of the squamous portion, with a small piece of
orbital roof laterally and endocranial surface above the midorbit. Maximum
breadth: 29.0 mm; maximum depth: 19.0 mm.

Frontal

mid

L24.52

Middle squamous portion with the superior part of glabella, extending
posteriorly much of the way to bregma. Endocranially, it includes all of the frontal
crest extending up into its full bifurcation for the anterior portion of the sagittal
sinus. Maximum breadth: 29.5 mm; maximum sagittal dimension: 49.5 mm.

Frontal

right

L24.31
L24.32

Posterolateral squamous portion along the coronal suture from pterion up
toward bregma. The anterolateral break is close to the temporal crest next to
frontozygomatic posterior. Maximum height: 81.8 mm; maximum sagittal
dimension: 43.0 mm.

Frontal

left

L21.10
L22.1
L23.5

Posterior squamous section along the coronal suture, with postmortem
flattening and lateral curving of the bone. Maximum sagittal dimension:
49.2 mm; maximum height: 69.0 mm.

Parietal

right

L23.27
L23.28
L24.28
L24.37
L24.48

Incomplete parietal piece from the coronal suture and pterion to lambda, with
77.5 mm of the coronal suture (superiorly from pterion), 45.0 mm of the mid
sagittal suture, 22.4 mm of the posterior sagittal suture from lambda, and
24.0 mm of the medial lambdoid suture. The corner by bregma is absent, and
the inferolateral margins are absent, present as small isolated pieces, or attached
to the right temporal bone along the squamous and parietomastoid sutures.
There were three sutural ossicles along the sagittal suture extending anteriorly
from lambda. Maximum preserved length: 126.0 mm; maximum breadth
(mediosuperior to lateroinferior): 117.0 mm. The multiple glue joins between
pieces plus the joining of the elements with the distorted left cranial vault have
led to some distortion of the parietal bone, although any postmortem distortion
of the individual elements on the right side appears to have been minimal.
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Bone

Side

Number

Preservation / Notes

Parietal

right

L23.6
L23.29
L24.59

Three small pieces along the posterosuperior squamous suture with the
parietomastoid suture around a (now absent) ossicle in the parietal notch and
extending almost to asterion. The assembly is attached to the right temporal
bone. Maximum anteroposterior dimension: 44.0 mm; maximum height:
52.5 mm.

Parietal

left

L20.4
L20.6
L20.51
L20.52
L20.53
L20.60
L20.142
L20.149
L20.152c
L20.220
L20.223
L20.224
L20.342
L20.347

Major portion of the parietal bone from the mid-coronal suture to the
lambdoid suture, with the superoposterior portion connected to the lateral
portion only by a small join near lambda. It retains ca.54 mm of the coronal
suture, all ofthe parietomastoid suture, almost all of the left squamous suture,
and almost all of the lambdoid suture to lambda. Maximum length: 135 mm;
maximumheight/breadth: 94.5 mm. Note: the posterolateral cranial
reassembly consists of multiple pieces that were separated in situ; the large
number of resultant glue joins has resulted in some inevitable minor
distortion of the neurocranial vault. More importantly, it is apparent on visual
inspection that the parietal bone experienced in situ warping of the bones,
resulting in an abnormal flattening of the mid-parietal area above the
squamous suture and a lateral concavity of the anterior parietal bone near
the coronal suture (see Chapter 22).

Parietal

left

L20.8
L20.124
L20.126
L20.153
L20.221

A superior piece connected to the right parietal through the mid-sagittal
suture, and through that and the occipital bone plus a sagittal sutural ossicle
in the region of lambda to the larger lateral portion of the left parietal.
It retains ca.52 mm of the mid-sagittal suture with adjacent superior parietal
bones. Maximum length: 84.5 mm; maximum breadth: 78 mm.

Occipital

mid

L20.19
L20.21
L20.36
L20.146
L24.2

Several pieces are present that join along the midline to include the right
superior nuchal plane from midline to the right occipitomastoid suture with
the semispinalis capitis fossa, the transverse sinus sulcus, portions of the
occipital plane which join along the midline and to the right of it up to lambda
with the central and medial left lambdoid suture, the central crest descending
to opisthion, plus the posteromedial left lateral part with the posterolateral
foramen magnum border and the adjacent inferior nuchal plane across the
partly fused posterior left foramen magnum synchondrosis. Maximum sagittal
dimension: 99 mm.

Occipital

right

L20.15

All of the posterior condyle with all of the synchondrosis for the basioccipital
and all of the hypoglossal canal. Maximum length: 19 mm.

Occipital

left

L20.52

Portion of the lateral nuchal surface with a 17 mm section of occipitomastoid
suture, and it retains the lateral end of the transverse sinus sulcus. Maximum
height: 24 mm; maximum length/breadth: 27 mm.

Occipital

left

L20.11
L20.12
L20.225

Portion of the lateral superior nuchal surface with a trace of the lambdoid
suture, the transverse sinus sulcus, and the lateral half of the semispinalis
capitis fossa. Maximum height: 30.0 mm; maximum length/breadth: 45.8 mm.

Occipital

left

L20.40

Small piece of the mid left lambdoid suture border. Maximum height: 24 mm;
maximum breadth: 25.3 mm.

Occipital

mid

L20.152a
L20.152b

L20.152a: left portion of the basioccipital with all of the anterior condylar
synchondrosis to the medial sphenooccipital synchondrosis. Maximum
dimension (AM-PL): 24.6 mm.
L20.152b: anterior right corner of the basioccipital with the right third of the
sphenoidal synchondrosis plus the adjacent superior, inferior and lateral
surfaces. Maximum length: 7.8 mm; maximum height: 10.9 mm.
The two pieces join along an abraded surface just to the right of the midline.
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Bone

Side

Number

Preservation / Notes

Sagittal
Sutural
Bone

mid

Sutural bone into posteromedial right parietal bone, adjacent to large one
(now absent) into the right parietal bone at lambda. Maximum length: 18 mm;
maximum breadth: 24.5 mm. An additional one was present just anterior of
this bone, extending from the sagittal suture into the right parietal bone.

Lambdoid
Sutural
Bones

left

Two sutural bones just lateral of lambda. Medial bone: maximum length:
19 mm; maximum breadth: 16 mm. More lateral bone: maximum length:
19.5 mm; maximum breadth: 9 mm.

Sutural
Bones

Isolated sutural bones, possibly lambdoid. Dimensions: 18 x 16 mm and
18 x 11 mm.

Cranial vault

Numerous small fragments (maximum dimension < 30 mm).

Temporal

right

L24.38
L24.50a

The major portion of the bone lacking principally most of the squamous
portion and most of the zygomatic process. It retains complete mastoid
process, the juxtamastoid eminence, the glenoid fossa and the tympanic
portion. The petrous portion lacks only the external wall of the carotid canal.
There is a small piece of the posterior squamous portion, the root of the
zygomatic process is present, and all of the mastooccipital suture is present.
Maximum length: 69.5 mm; maximum breadth 39 mm.

Temporal

left

L19.14a
L20.51
L20.54
L20.222

Most of the lateral temporal bone including the glenoid fossa, the lateral
margin of the auditory meatus with the lateral tympanic bone, the root of
the zygomatic process (but none of the process), all of the mastoid process,
the juxtamastoid eminence, the postglenoid process, the vaginal process,
the posterior half of the squamous suture, the anterior third of the squamous
suture, and the parietomastoid suture. The petrous portion is absent, and
the endocranial surface of the mastoid region is eroded. Maximum length:
75.7 mm; maximum height: 53.5 mm.

Temporal

left

L20.714

Anterior zygomatic arch with the superior and inferior sutures, broken
posteriorly near the minimum diameters of the arch just anterior of the
articular tubercle. Maximum length: 17.7 mm.

Asterionic
right
Sutural Bone
Asterionic

Sutural bone which fits into a notch in the posterosuperior temporal bone at
asterion. Maximum height: 15.0 mm; maximum breadth: 11.7 mm.

left

Sutural bone which fits into a notch in the posterosuperior temporal bone at

Sutural Bone

asterion. Maximum height: 13.8 mm; maximum breadth: 11.6 mm.

Malleus

right

L24.50b

Complete.

Malleus

left

L20.309

Complete.

Incus

right

L24.50c

Complete with damage to the distal end.

Stapes

right

L24.50d

Complete. Remains within the right temporal bone due to postmortem
adhesion to the temporal bone.

Sphenoid

right

L24.50a

Small piece of the inferior greater wing joined along the suture with the
anterior temporal bone. Maximum anteroposterior dimension: 22.5 mm;
maximum breadth: 17 mm.

Zygomatic

right

L25.9

Complete frontal process with anterior damage to the frontozygomatic suture
and retaining all of the sphenoid suture. It was sheared off at the inferior
orbital level. There is abrasion to the superoposterior corner of the temporal
fascia crest. Maximum preserved height: 21.7 mm.

Zygomatic

right

L23.42

Maxillary process of the zygomatic bone with the orbital margin and portions
of all three surfaces. Maximum breadth: 17.2 mm.
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Bone

Side

Number

Preservation / Notes

Nasal Bone

left

Maxilla

right

L24.24

The medial maxilla with the inferolateral and lateral nasal aperture margins,
the anterolateral nasal cavity surface, the lateral two-thirds of the anterior nasal
floor, the medial orbital margin, and a medial portion of the infraorbital
surface. Maximum height: 23 mm; maximum breadth: 15 mm.

Maxilla

left

L24.1

Maxilla

right

L23.34

Maxilla

left

L20.662a

The medial maxilla with the superolateral nasal aperture margin, the
maxillonasal suture, the maxillofrontal suture, the medial inferior orbital
margin with the lacrimal fossa, and the medial infraorbital surface. Maximum
height: 29 mm.
Small piece of lateral alveolar bone with the buccal root sockets for the dm2.
Maximum anteroposterior dimension: 11.4 mm; maximum height: 10.6 mm.
Small piece of lateral alveolar bone with the buccal root sockets for the dm2.
Maximum anteroposterior dimension: 12.8 mm; maximum height: 13.5 mm.

Mandible

right and
left

L20.18a
L20.42a

The nasal bone with the internasal and frontal sutures, the medial half of the
superior nasal aperture margin, and the superior 6.1 mm of the maxillonasal
suture. Maximum height/length: 15.3 mm.

The complete corpus (L20.42a) from the right di2/dc1 interdental septum to
the left dm2 alveolus. The right I2 was exposed distally and removed during
cleaning. The dm2 alveolus is damaged mostly lingually. The ramus (L20.18a)
is largely complete, but it lacks the condylar process. The crypt for the M2 was
broken open lingually. The two pieces are joined across a recent break of the
basilar margin beneath the M1 crypt. Maximum length: 74 mm.

The Dental Remains
The Lagar Velho 1 teeth were either found in their alveoli or crypts in the symphyseal
and left mandibular piece (right di2 to left dm2 and the right I2 to the left M2) or were scattered with the cranial remains to the east of the burial. The isolated teeth have therefore been
identified on the basis of morphology and of comparison (for right mandibular teeth) to
those preserved with the mandible. The right I1 to left P1 remain in the mandibular corpus,
although damage to the corpus allowed the removal of the right I2 and left M1 and M2 without further damage to the bone. In general, the teeth are well preserved but the deciduous
teeth tend to be extremely fragile with separations of the enamel from the underlying dentin.
For terminology, given the variety of systems currently employed (Hillson, 1996), lower
case letters with ‘d’ are employed for the deciduous (or primary) dentition and upper case
for the permanent (or secondary) dentition. Superscripts are employed for the maxillary dentition and subscripts for the mandibular dentition. Deciduous molars are referred to as such
and abbreviated ‘dm’, rather than using the vertebrate paleontological term of “deciduous
premolars” and ‘dp’. Similarly, permanent premolars are referred to as ‘P’ and numbered ‘1’
and ‘2’, rather than as ‘3’ and ‘4’ as in vertebrate paleontology.

Tooth

Side

Number

Preservation / Notes

di1

right

L24.34

Complete with loss of lingual enamel near the cervix

di1

left

L23.20

Complete with loss of lingual enamel

di2

right

L25.1

Complete

Maxilla
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Tooth

Side

Number

Preservation / Notes

left

L20.145b

Complete with root apex damage

right

L24.54

Complete

left

L20.150

Complete

right

L24.4

Complete – root apices damaged

left

L20.65

Complete – root apices damaged

dm

2

right

L20.472

Complete – root apices damaged

dm

2

left

L20.48

Complete – root apices damaged

right

L24.18

Developing crown almost complete

left

L23.15

Developing crown almost complete

I

2

right

L24.17

Developing crown just over three-quarters complete

I

2

left

L21.35

Developing crown just over three-quarters complete

C

right

L21.34

Developing crown three-quarters complete

C1

left

L20.151

Developing crown three-quarters complete

1

right

L23.19

Developing crown one-half complete

1

left

L20.152d

Developing crown one-half complete

2

P

right

L23.2c

Developing crown – occlusal surface complete

M1

right

L24.16

Crown complete – developing root one-quarter complete but damaged

M

1

left

L20.152c

Crown complete – developing root one-quarter complete but damaged

M

2

right

L20.473

Developing crown – occlusal surface almost complete

M

2

left

L20.387

Developing crown – occlusal surface almost complete

Side

Number

Preservation / Notes

di1

right

L20.42c

Complete with loss of lingual enamel

di1

left

L20.42d

Complete with loss of lingual enamel

di2

right

L20.42e

Complete with loss of lingual enamel

di2

left

L20.42f

Complete with loss of lingual enamel

dc1

right

K23.15

Complete

dc1

left

L20.42g

Complete

dm1

right

K23.4

Complete – root apices damaged

dm1

left

L20.42h

Complete – root apices damaged

dm2

right

L22.2

Complete – root apices damaged

dm2

left

L20.42i

Complete – root apices damaged

I1

right

L20.42a

In crypt – developing crown almost complete

I1

left

L20.42a

In crypt

I2

right

L20.42j

Developing crown almost complete

I2

left

L20.42a

In crypt

C1

right

K24.7

Developing crown three-quarters complete

C1

left

L20.42a

In crypt

P1

right

K23.1

Developing crown one-half complete

P1

left

L20.42a

In crypt

Maxilla
di2
dc

1

dc

1

dm

1

dm1

I

1

I1

1

P
P

Tooth
Mandible
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Tooth

Side

Number

Preservation / Notes

P2

left

L20.42k

Developing crown – occlusal surface complete but broken in half

M1

right

L24.15

Crown complete – developing root one-quarter complete but damaged

M1

left

L20.47

Crown complete – developing root one-quarter complete but damaged

M2

right

L23.2b

Developing crown – occlusal surface almost complete

M2

left

L20.18b

Developing crown – occlusal surface almost complete

Mandible

The Axial Remains
The axial skeleton was removed en bloc, and subsequent removal of the separate elements was undertaken in the laboratory. It was there discovered that some bones could not
be removed as individual elements. First, the right ribs are folded and compressed into a single unit and cannot be separated. Also, left ribs 9, 10 and 11 are very fragile and thus remain
embedded in a single piece of matrix. Likewise, the centra of thoracic vertebrae 5 and 6 (T5
and T6) remain adhered to each other and to the neural arches of T6 and T7. Additionally,
the neural arches of T8-L1 and the centra of T7 through L1 remain a single unit. No twelfth
ribs were recovered, indicating that they were not present in the Lagar Velho 1 specimen.
Several small left rib fragments are not included in the inventory.

Bone

Side

Number

Preservation / Notes

C1 (Atlas)

L20.56
L20.57

Most of the right half of the bone. It evinces damage to the superolateral
margin of the superior articular facet. While the posterior arch is complete,
the anterior arch is missing, and only a small portion of the posterior root of
the transverse process is preserved. Neural arch transverse diameter: ca.20.5 mm.
Most of the vertebra’s left half lacking only its anterior arch. Its posterior arch
is complete and was not yet fused to the right. There is a glued anteroposterior
break in the superior articular facet, and the inferior articular facet evinces
minor damage to its anteromedial margin. Superior articular facet

C2 (Axis)

L20.17b

Dens (odontoid process), with damage along its posterior and anterolateral
margins. It was not yet fused to the neural arches, nor inferiorly to the main
portion of the corpus. Preserved height of dens: 11.4 mm.

C2 (Axis)

L20.66

The left half of the neural arch, including most of the superior articular facet,
a complete inferior articular facet, and all but a small posterior portion of the
lamina. The posterior root of the transverse process is also present. Preserved
anteroposterior length: 28.6 mm.

C2 (Axis)

L21.39

The right half of the neural arch, including a complete inferior articular facet
and all but a small posterior portion of the lamina. The posterior and anterior
roots of the transverse process are also present, defining the transverse
foramen. Preserved anteroposterior length: 25.9 mm.

Cervical
Vertebra

K18.13

Piece of a cervical vertebra preserving a complete right superior articular facet,
most of the inferior articular facet (lacking what is perhaps its medial-most
15%) and the anterior portion of the transverse process. Preserved
anteroposterior dimension: 12.6 mm.

Vertebrae

anteroposterior diameter: ca.17.2 mm.
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Bone

Side

Number

Preservation / Notes

Cervical
Vertebra

L20.42b

Piece representing most of the right lamina, a small portion of the left lamina,
and the base of the spinous process. Laminar height (right): 6.1 mm.
Maximum dimension of the piece: 15.4 mm.

Cervical
Vertebra

L20.55

Piece preserving the right pedicle of a lower cervical vertebra, with attached
posterolateral portion of the body, showing no fusion. Maximum dimension:
15.0 mm.

Cervical
Vertebra

L20.58a

Piece consisting of the right lamina, partial right pedicle, superior and inferior
articular facets, and partial transverse process, perhaps of C3. Its lamina is
complete, save for a small posterior portion at midline. Maximum preserved
length: 21.3 mm.

Cervical
Vertebra

L20.62

Piece preserving the left superior and inferior articular facets, left lamina, and
partial left pedicle of a cervical vertebra, likely C4. Maximum dimension of the
piece: 21.1 mm.

Cervical
Vertebra

L20.63

Piece preserving the left pedicle, anterior and posterior roots of the transverse
process, and small portions of the superior and inferior articular facets.
Preserved maximum dimension (oblique breadth): 16.3 mm.

Cervical
Vertebra

L20.69b

Piece preserving a small superior portion (ca.50%) of the right superior
articular facet and the posterolateral wall of the transverse process (i.e., the
posterior face of the transverse foramen). Maximum dimension: 11.9 mm.

Cervical
Vertebra

L20.128b

The left anterior one-fourth of a lower cervical vertebral body. Its posterior
margin is eroded away. Ventral body height: ca.10.3 mm.

Cervical
Vertebra

L20.129b

Small piece preserving the lateral half of the left superior and inferior articular
processes and the roots of the left transverse process. Maximum dimension of
piece: 10.5 mm.

Cervical
Vertebra

L20.177b

Small piece preserving the left pedicle and superior articular facet, as well as
small portions of the inferior articular facet and body. Preserved mediolateral
diameter: 13.0 mm.

Cervical
Vertebra?

L20.307

A badly eroded amorphous piece representing a vertebral centrum, most likely
of a cervical vertebra based on its size. Maximum dimension: 15.0 mm.

Cervical
Vertebra

L20.400c

The anterior portion of the centrum, likely caudal to the vertebral element
represented by L20.400d. Portions of the attachment sites for the pedicles are
preserved (the right is more complete than the left), indicating that the neural
arch was not yet fused to the centrum. Ventral body height: 6.1 mm.

Vertebrae

Maximum dimension: 12.0 mm.
Cervical
Vertebra

L20.400d

Most of the centrum of a cervical vertebra. The posterolateral attachment site
for the right pedicle is preserved, and it indicates that the neural arches were
not yet fused to the centrum. Median body height (right): 4.3 mm.
Two fragments with maximum dimensions of 12.4 and 6.9 mm.

Cervical
Vertebra

L20.615c

Three fragments corresponding to a portion of a lower cervical vertebra,
including the slightly eroded right superior articular process, the right pedicle
and the right one-quarter of the corpus. Preserved mediolateral length: 16.7 mm.

Cervical
Vertebra

L21.19

Laminar piece of a cervical vertebra from screening. It preserves a small
portion of the right lamina. Preserved length: 10.1 mm.

Vertebra

L20.69a

Small piece preserving a partial pedicle and a small portion of posterolateral
body of either a cervical or a thoracic vertebra. Maximum dimension: 11.1 mm.

T3

L20.478

Partial neural arch, including the left superior articular facet (which evinces
trivial damage along its medial edge), the partial left pedicle, a virtually complete
left lamina with damaged inferior articular facet, and a partial right lamina. The
root of the left transverse process is also preserved. There is a superoinferior fissure
in the left inferior articular process. Maximum preserved dimension: 23.5 mm.
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Bone

Side

Number

Preservation / Notes

T4

L20.479

Much of the neural arch of the vertebra, preserving the left superior articular
facet, the root of the left transverse process, most of the left pedicle, a virtually
complete left lamina (with a complete inferior articular facet) and a partial right
lamina, with the incomplete inferior articular process. Inferior maximum
transverse diameter: 21.0 mm.
Superior portion of the right pedicle with the cranial half of the superior
articular facet preserved. It retains only a small area of contact with the larger
piece of T4. Superior articular facet breadth: ca.5.0 mm.

T5

L20.179a

Partial neural arch including both superior articular facets (the right with a
break running superomedial to inferolateral), most of the left pedicle and the
cranial half of the left inferior articular process. The root of the left transverse
process is also present. While the laminae are preserved, much of their
external/posterior surface is comprised solely of matrix, and there is a large
break in the right inferolateral lamina. Superior interfacet distance: 17.2 mm.

T5

L20.179b

Somewhat distorted and crushed centrum, the caudal margin of which remains
adhered to T6, and whose dorsal margin is compacted into the neural arch of
T6. A small portion of its anterior margin, complete with cranial and caudal
lips, is evident anteriorly. Transverse diameter = ca.23.3 mm.

T6

L20.177

Badly damaged piece including a heavily eroded portion of the centrum that
remains crushed into the centrum of T5 cranially and caudally into matrix and
the neural arch of T7. The rest of T6’s centrum remains attached either to the
vertebral end of left rib 6 or onto the piece including the centra of T7-L1. Also
preserved on this piece is the neural arch portion of the bone including two
badly damaged laminae, the left superior articular facet (heavily damaged along
its inferior margin), and left pedicle. The posteroinferior margin of the right
pedicle is present, but the rest of it, if preserved, is hidden within matrix and
the T5-T6 centra. Much of the dorsal cortical bone of the left lamina is missing,
and while that of the right lamina is present; it is broken into many small
pieces held together by glue. Pedicle height (left): 5.9 mm.

T7

L20.176

Heavily damaged neural arch piece that remains adhered cranially to the
centrum and neural arch of T6. Only fragments of its laminae remain. There
is a posterolateral hole representing the root of the left transverse process.

T7

L20.129

Left partial pedicle, base of the transverse process, and the superior and inferior

Vertebrae

articular processes. Superior articular facet height: 5.2 mm.
T7

L20.176

Right superior articular facet and pedicle, most likely that of T7. Superior
articular facet height: 5.1 mm.
Badly distorted centrum adhered to the centrum of T6 cranially and the
centrum of T8 caudally. Only its right lateral side preserves cortical bone, and
a small cranial portion of its centrum remains attached to left rib 6. Median
body height (right): ca.6.8 mm.

T8

L20.175

Relatively complete, albeit distorted bone, including a crushed and
inferolaterally deviated (to the left) centrum and two laminae. The centrum is
adhered to the centra of T7 and T9. The roots of both transverse processes and
the ventral-most portion of the spinous process are also preserved, as are the
two superior articular facets. There is a superoinferior crack in the left lamina
running from its caudal margin through the inferomedial corner of the left
superior articular facet. The centrum is compressed into the neural arch; thus,
if pedicles are present, they remain hidden. Superior maximum transverse
diameter: 23.6 mm.
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Bone

Side

Number

Preservation / Notes

T9

L20.174

Relatively complete, yet distorted bone. It is adhered cranially to T8 and
caudally to T10. Its centrum is displaced such that its cranial face is oriented
anterolaterally to the left. Posteriorly, there are two laminae separated from
each other by a fissure located along midline. This fissure separates the
two halves of the spinous process’s base, as well. Both transverse processes
are preserved, except their tips, which may not have yet been ossified.
Only the left superior articular facet is visible; the right is hidden beneath
T8. The left pedicle is also evident. Superior articular facet height (left):
5.1 mm.

T10

L20.173

T10 remains adhered cranially to T9 and caudally to T11. It is represented by
a badly eroded body and a damaged posterior neural arch. The centrum’s
superior face shows extensive erosion, and its right lateral margin has been
badly damaged. The left lateral/anterior face remains, but it is heavily eroded.
Posteriorly, two laminae are present, and are separated by a break in the
median plane. The right lamina has extensive damage to its caudal margin.
The left superior articular facet is visible, but it fades into matrix and is
missing its superolateral border. The bases of the transverse processes are
present. Inferior maximum transverse diameter: (22.3 mm).

T11

L20.172

Badly damaged centrum and partial neural arch. It remains adhered to T10
above and T12 below. Its body is deviated inferiorly. Only its inferior margin is
visible (its cranial margin is eroded and/or fades into the surrounding matrix).
Posteriorly, there is a fissure in the right lamina that runs up through the
superior articular process, the facet of which remains hidden with matrix. The
left superior articular facet is damaged. The bases of both transverse processes
are preserved, and the root of the spinous process is present. The left lamina is
complete, but it evinces a small break along its lateral margin. The left pedicle
is also preserved. Pedicle height (left): 5.1 mm.

T12

L20.171

Relatively complete, albeit distorted bone that remains adhered to T11 cranially
and L1 caudally. The anterior portion of the centrum is present but is crushed
into the neural arches. Also preserved are the pedicles, inferior and superior
articular processes, and laminae. The inferior articular facets remain adhered
to the superior articular facets of L1. The transverse processes are missing.
Superior maximum transverse diameter: ca.23.8 mm.

Thoracic
Vertebra

L20.69c

Most of the right superior articular facet of a thoracic vertebra that is damaged
along its lateral margin. The superior margin of the pedicle is also present.

Vertebrae

Superior articular facet height: 5.6 mm.
L1

L20.170

Largely complete bone that remains adhered cranially to T12. Its centrum is
crushed dorsally into the neural arch. Posteriorly, both pedicles and both
laminae are preserved, as is the base of the spinous process. The inferior and
superior articular facets are present, but the superior facets remain adhered to
the inferior articular facets of T12. Both transverse processes are missing.
Inferior maximum transverse diameter: ca.20.6 mm.

L2

L20.167

Virtually complete neural arch, including two pedicles (the right is more
complete than the left), two laminae, and all superior and inferior articular
processes. The root of the spinous process is present, but both transverse
processes are missing. Inferior maximum transverse diameter: 23.0 mm.
Several small pieces of the centrum. All but one piece are extremely small
and offer few clues as to their location. The largest piece preserves some of
either the cranial or caudal surface as well as a section of the bone’s
lateral/anterior face. Preserved maximum transverse dimension of the largest
piece: 19.5 mm.
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Bone

Side

Number

Preservation / Notes

L3

L20.166

Complete neural arch, including laminae, pedicles, articular facets (superior
and inferior), as well as the inferior bases of the transverse processes and the
base of the spinous process. Inferior maximum transverse diameter: 27.2 mm.
The centrum of the vertebra, preserved in seven small pieces, all of which have
at least some cortical bone remaining on them. Maximum transverse
dimension of the largest piece: 13.8 mm.

L4

L20.163

Virtually complete neural arch that had not yet fused posteriorly and which
remains adhered to the centrum of L5. Both pedicles and both laminae are
present. All articular facets are preserved, although the left inferior articular
facet is hidden behind the centrum of L5. Superior articular facet height (left):
7.2 mm.
Most of the centrum of the vertebra. It preserves its caudal surface but has
suffered heavy cranial damage. Maximum preserved breadth: 35.4 mm.

L5

L20.165

Complete left half of neural arch that was not yet fused posteriorly to the right.
It evinces slight damage to the lateral margin of the superior articular process
and is missing its transverse process. Superior articular facet height: 8.1 mm.
Nearly complete right half of neural arch not yet fused to the left. The medialmost portion of its lamina is missing. The pedicle evinces heavy damage to its
inferior margin, and some of the body remains on its anterosuperior margin.
The transverse process is missing. Superior articular facet height: 7.7 mm.
Partial centrum that remains adhered to the laminae of L4. Its posterior face is
either missing (right side) or crushed into the neural arch of L4 (left side).
Ventral body height: ca.12.0 mm.

S1

L20.159

Relatively complete centrum and neural arch. It preserves both superior
articular facets. Both laminae are preserved, but the right is missing its medial
half, and both are compressed into the posterior body. It remains adhered to
S2. S1 ventral height: ca.12.0 mm.

S1

L20.157

Largely complete right ala. Its inferior margin is eroded. Alar breadth: 18.4 mm.

S1

L20.162b

Left ala. It is heavily eroded caudally, and lacks most of its iliac articular
surface. Alar breadth: ca.18.6 mm.

S2

L20.160

Largely complete centrum and neural arch that remains attached to S1 above
and S3 below. Its body is deviated such that its inferior surface faces anteriorly,
and its left side is heavily eroded. The two laminae are joined dorsally.

Vertebrae

S2 ventral height: ca.11.3 mm.
S3

L20.161a

Heavily damaged bone that remains attached cranially to S2. The laminae are
preserved but are crushed into the posterior face of the body. Only the right
superior articular facet is visible; the left disappears into matrix. S3 ventral
height: 9.8 mm.

S4

L20.161b

S4 is the cranial portion of a piece that includes S4 and S5. The segment’s
body is represented by a fragmentary superior margin and about one-half
(right) of its anterior face. Its laminae have been broken off, but most of the
left is present and can be re-articulated with the segment. S4 ventral height:
7.5 mm.

S5

L20.161c

Very fragmentary bone; all that remains is a piece of cortical bone anteriorly
that has a transverse diameter of 8.6 mm and a superoinferior diameter of
5.5 mm.
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Bone

Side

Number

Preservation / Notes

Ribs

right

L20.339

The shafts of multiple right ribs that remain adhered together and are
preserved en bloc. Emerging from this mass are four proximal ends which are
identifiable as to number; these are described separately.

Rib 2

left

L20.481

Very fragmentary bone. The rib is represented by a small, flat, mid-proximal
piece likely beginning just distal to the iliocostalis line. Preserved length: 29.9 mm.

Rib 3

left

L20.482

Proximal portion of the bone preserved to roughly midshaft. Most of the neck
is preserved, but the head is missing. Preserved length: 63.2 mm.

Rib 4

left

L20.483

Proximal portion of rib representing perhaps 60% of its original length. The
head is missing, and there is heavy damage to the rib in the area of the angle.
Preserved length: 82.5 mm.

Rib 5

left

L20.484

Largely complete bone. It preserves a partial head and runs to a point just
distal to the sternal end. The inferior margin is badly damaged in the region
of the angle. Preserved length: 116.9 mm.

Rib 6

left

L20.485

Largely complete rib representing perhaps seven-eighths of its original length.
Proximally, part of the body of T6 (and T7) remains attached to it, such that it
is difficult to discern where the rib begins and matrix/vertebra ends. Preserved
length: 126 mm.

Rib 7

left

L20.486

Fairly complete bone. It is missing its head, but preserves much of the neck,
running from a point just proximal to the articular tubercle to a point that
likely represents 60% or 70% of the shaft. Preserved length: 93 mm.

Rib 8

right

L20.339

Proximal portion of rib that disappears into the right rib mass. It preserves a
portion of the neck, a damaged articular tubercle, and a small section of shaft.
Preserved (exposed) length: 30.4 mm.

Rib 8

left

L20.487

Virtually complete, albeit distorted rib. It is missing its proximal-most portion
(i.e., head and much of the neck) yet preserves its sternal end. However, heavy
damage in the area of the angle makes the rib appear much straighter than it
was in life. Preserved length: 147 mm.

Rib 9

right

L20.339

Small proximal segment of the bone that disappears into the right rib mass.
It has a very poorly preserved neck with extensive cranial damage and a
damaged ovoid area corresponding to the articular tubercle. Preserved
(exposed) length: 26.2 mm.

Rib 9

left

L20.339

Heavily damaged bone that remains in matrix. It is represented by at least four
pieces. The proximal-most piece is the largest (45.3 mm long). It preserves its
cranial and ventral margins. The more distal pieces preserve only the internal
surfaces of the rib’s external table. Preserved length (including all four pieces):

Ribs

108.4 mm.
Rib 10

right

L20.339

Heavily damaged bone. It is represented by little more than a rectangular
segment of bone that disappears into the right rib mass. It appears to be
missing much of its proximal end, including the articular tubercle. Preserved
(exposed) length: 20.0 mm.

Rib 10

left

L20.339

A heavily damaged bone represented by at least four segments still retained in
matrix. The proximal-most piece preserves its ventral and cranial margins, as
does the distal-most piece. The other pieces, however, preserve only the
internal surface of the rib’s external table. Preserved length (including all four
pieces): 102.6 mm.

Rib 11

right

L20.339

The most complete of the right ribs, this rib preserves most of its head, and
appears to preserve much (perhaps as much as 80%) of its length — if a
second, more distal, segment truly belongs to it. Like the other right ribs, it is
preserved en bloc. Preserved (exposed) length, including second, more distal
segment: ca.55.1 mm.
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Preservation / Notes

Rib 11

left

L20.339

This rib remains embedded in matrix, and it is represented by three small pieces.
The first, proximal-most, portion, is found on the large thoracic vertebral piece
and is 3.3 mm in length. The proximal-most piece on the rib section (which does
in fact articulate with the vertebral piece) is 9.9 mm in length. It is separated
from the distal-most piece by a gap some 34.8 mm in length. The distal-most
piece is lacking its internal table, but appears to preserve a point close to the
distal end. Preserved length (all three pieces): 58.9 mm.

Rib

left

L20.339

Sternal end of rib. It may belong to rib 4. Preserved length: 27.9 mm.

Rib

left

L20.556a

Sternal end of rib. It may belong to rib 6. Preserved length: 30.6 mm.

Rib

—

L20.556a

Internal surface of the sternal end of a rib. Preserved length: 14.1 mm.

Ribs

Upper Limb Remains
No trace of the right clavicle, scapula or humerus was discerned in excavation. The left
arm and hand bones were discovered disturbed in a burrow, and their identification is based
on morphology and, for the phalanges, size comparisons to the articulated right hand
remains.
Bone

Side

Number

Preservation / Notes

left

L20.125

Complete diaphysis. Proximally broken off obliquely proximoventral to
distodorsal. The ventral surface has the ventral flare for the sternal end with
the edge of the metaphyseal rugosity, but there is no evidence of the
costoclavicular attachment. Distally it is complete with minor erosion across
the acromial end. It retains the acromial metaphysis on the cranioventral

Shoulder
Clavicle

corner. Maximum preserved length: 70.0 mm.
Scapula

left

L20.475

The axillary border is complete from below the infraglenoid tubercle to the
superior flare for the M. teres major area. The M. infraspinatus/M. subscapularis
surface consists of fragments in semi-original articulation across most of the
surface but without the vertebral border. Preserved height of the axillary border:
51.6 mm; preserved breadth: 50.0 mm.

Scapula

left

L20.476

Lateral spine with 19.3 mm of the lateral base plus the lateroinferior curve up
to the acromion, with erosion to the dorsal margin. Maximum preserved
breadth: 32.6 mm.

Humerus

left

L20.128a

About two-thirds of the proximal epiphysis with cartilaginous and articular
subchondral bone. Maximum preserved diameter: 16.3 mm.

Humerus

left

L20.124

Complete intermetaphyseal bone with trivial erosion to the dorsal head
metaphysis margin and moderate erosion across the anterior half of the distal
metaphysis. Maximum length: 142.6 mm.

Ulna

right

L20.169
L20.186

Multiple shaft fragments, some mixed with those from the right radius.

Ulna

left

L20.97a

Complete intermetaphyseal bone with minor erosion to the volar coronoid
process (especially medially) and to the dorsolateral head metaphyseal margin.
Maximum length = 122.7 mm.

Arm
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Radius

right

L20.168

Multiple dorsal shaft fragments with one dorsal section. Maximum preserved
length of section: 62.6 mm.

Radius

right

L20.122

Distal epiphysis with erosion on one edge. Maximum breadth: 10.8 mm.

Radius

left

L20.97b

Complete diaphysis from the proximal flare for the head metaphysis to the
complete distal metaphysis. Maximum preserved length: 104.5 mm.

Capitate

right

L20.118

The proximal articular surface with portions of the ulnar, dorsal and palmar
surfaces. Maximum preserved length: 10.0 mm.

Capitate

left

L20.364

Eroded piece with the proximal and dorsal (?) surfaces. Maximum preserved
length: 10.3 mm.

Hamate

right

L20.110

Largely eroded trabecular core. Identification based on anatomical position.
Maximum dimension: 6.9 mm.

Hamate(?)

left

L20.365

Eroded carpal bone. Maximum dimension: 8.8 mm.

Triquetral
or Lunate

right

L20.119

Eroded carpal bone, either the triquetral or the lunate. Maximum dimension:
5.7 mm.

Lunate or
Triquetral

right

L20.120

Largely intact carpal bone, either the lunate or the triquetral. Maximum
dimension: 6.1 mm.

Triquetral
or Lunate

left

L20.366

Complete rounded carpal bone with facet. Maximum length: 6.1 mm.

Lunate or
Triquetral

left?

L20.556c

Largely complete rounded carpal bone abraded at one end. Maximum
preserved length: 6.4 mm.

Metacarpal 1 left

L20.97c

Complete intermetaphyseal bone with a small hole on the palmar-ulnar head.
Maximum length: 19.8 mm.

Metacarpal 2 left

L20.97d

Complete proximal half of the intermetaphyseal bone with the radial side of
the distal half of the bone, plus the distal-radial-palmar metaphyseal corner.
Maximum preserved length: 29.2 mm.

Metacarpal 3 right

L20.123

Shaft fragments. Lengths: ≤ 14.1 mm.

Metacarpal 3 left

L20.97e

Complete intermetaphyseal bone with erosion to the dorsal head. Maximum
length: 28.2 mm.

Metacarpal 4 right

L20.121

Diaphysis in two large and many smaller fragments. Maximum lengths of

Arm

Hand

large pieces: 23.2 and 21.0 mm.
Metacarpal 4 left

L20.97f

Complete intermetaphyseal bone. Maximum length: 25.7 mm.

Metacarpal 5 right

L20.109

Diaphyseal tube with the proximal flare and the ulnar distal corner. Maximum
preserved length: 22.8 mm.

Proximal
Phalanx 1

right

L20.117

Shaft with the ulnar head. Maximum preserved length: 13.4 mm.

Proximal
Phalanx 1

left

L20.97g

Complete with abrasion to the ulnar palmar base corner. Maximum length:
13.7 mm.

Proximal
Phalanx 2

right

L20.29

Complete with abrasion to the radial-palmar proximal edge. Maximum length:
20.5 mm.

Proximal
Phalanx 2

left

L20.97h

Complete intermetaphyseal bone. Maximum length: 20.9 mm.

Proximal
Phalanx 3

right

L20.70

Complete with abrasion to the palmar base margin. Maximum length:
21.6 mm.
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Bone

Side

Number

Preservation / Notes

Proximal
Phalanx 3

left

L20.97i

Complete intermetaphyseal bone. Maximum length: 22.3 mm.

Proximal
Phalanx 4

left

L20.13

Complete with abrasion to the proximal dorsal radial margin. Maximum
length: 19.6 mm.

Proximal
Phalanx 5

right

L20.108

Complete with damage to the base margins. Maximum length: 15.6 mm.

Proximal
Phalanx 5

left

L20.97j

Complete intermetaphyseal bone. Maximum length: 15.6 mm.

Proximal
Phalanx ?

left

L20.321a

Proximal epiphysis. Digit unknown.

Proximal
Phalanx ?

left

L20.367

Proximal epiphysis. Digit unknown.

Middle
Phalanx 2

right

L20.113

Complete intermetaphyseal bone. Maximum length: 10.9 mm.

Middle
Phalanx 2

left

L20.97j

Complete intermetaphyseal bone. Maximum length: 10.6 mm.

Middle
Phalanx 3

right

L20.111a

Intermetaphyseal bone, with the radial head. Maximum preserved length:
13.1 mm.

Middle
Phalanx 3

right

L20.111b

Proximal epiphysis.

Middle
Phalanx 4

right

L20.105a

Complete intermetaphyseal bone. Maximum length: 13.8 mm.

Middle
Phalanx 4

right

L20.105b

Proximal epiphysis.

Middle
Phalanx 4

left

L20.97k

Complete with abrasion to the ulnar-palmar base corner. Maximum length:
13.7 mm.

Middle
Phalanx 5

right

L20.107

Complete intermetaphyseal bone. Maximum length: 9.1 mm.

Distal

right

L20.116

Complete with damage across the palmar base. Maximum preserved length:

Hand

Phalanx 1
Distal
Phalanx 1

left

L20.97l

Complete with damage to the ulnar base corner. Maximum length: 10.0 mm.

Distal
Phalanx 2

right

L20.115

Complete intermetaphyseal bone. Maximum length: 7.4 mm.

Distal
Phalanx 3

right

L20.114

Complete intermetaphyseal bone. Maximum length: 8.0 mm.

Distal
Phalanx 4

right

L20.112

Complete intermetaphyseal bone. Maximum length: 8.3 mm.

Distal
Phalanx 4

left

L20.321

Complete intermetaphyseal bone. Maximum length: 8.3 mm.

Distal
Phalanx 5

right

L20.106

Complete intermetaphyseal bone. Maximum length: 6.3 mm.

Distal
Phalanx 5

left

L20.556c

Complete intermetaphyseal bone. Maximum length: 6.2 mm.
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Lower Limb Remains
The long bones and their preserved epiphyses and the right foot remains were almost
entirely (all except the right hallucal proximal phalanx and the lateral middle and distal
phalanges) in anatomical position in situ. The identification of the in situ displaced left pedal
remains is based on morphology and size comparisons to the right foot bones.
Bone

Side

Number

Preservation / Notes

Ilium

right

L20.155

Most of the pelvic surface of the iliac fossa with the superior auricular margin,
38 mm of the crest metaphysis posteriorly from the anterior superior iliac
spine, and the rounding into the greater sciatic notch, plus ca.15 mm of
external surface from the iliac crest. Maximum preserved height: 52.0;
maximum preserved depth: 53.2 mm.

Ilium

right

L20.157a

The dorsal inferior corner of the auricular surface and the opposite external
surface bone. Maximum dimension: 29.9 mm.

Ilium

left

L20.162a

The iliac fossa with the anterior inferior iliac spine, the acetabular metaphyseal
surface, the superior and ventral auricular margins, the superior and auricular
greater sciatic notch margins, and the middle of the fossa up to 6.8 mm of the
crest. External surface only present by the anterior inferior iliac spine.
Maximum preserved height: 59.0; maximum preserved depth: 51.0 mm.

Ilium

left

L20.162b

External iliac surface up to 6.5 mm of the crest. Maximum preserved height:
39.7 mm; maximum preserved depth: 24.1 mm.

Ischium

right

L20.180a

Largely complete ischium with bone loss all along the dorsal margin, the
inferior acetabular metaphysis, and the internal surface above the tuberosity.
The inferior tuberosity surface is abraded. Maximum preserved height: 40.7 mm.

Ischium

left

L20.96

The external surface bone between the acetabulum and the tuberosity, plus
most of the lateral acetabular subchondral bone up to the iliac surface. Eroded
dorsally and on the tuberosity. Maximum preserved height: 37.2 mm.

Pubis

right

L20.180b

The complete superior ramus, a small section of the acetabular subchondral
bone, the pubic tubercle and the superior symphyseal surface. Maximum
preserved breadth: 30.0 mm.

right

L20.156

Proximal epiphysis, broken off on the superior (convex) surface. Maximum

Pelvis

Leg
Femur

dimension: 20.2 mm.
Femur

right

L20.102a

Largely complete intermetaphyseal bone. Proximally there is minor abrasion to
the dorsal head metaphysis and the lesser trochanter metaphysis. The diaphysis
is complete to the popliteal area; the distal portion was reassembled from 15
pieces and small pieces are missing anteromedially, medially and laterally. The
distal metaphysis retains the lateral condylar and the anterior intercondylar
surfaces, plus a small piece of the medial condylar surface. Maximum length:
198.0 mm

Femur

right

L20.102b

The distal epiphysis with the lateral condyle and the anterior third of the medial
side. Maximum preserved breadth: 34.6 mm.

Femur

right

L20.102c

A section of the dorsal medial condylar epiphysis. Maximum preserved breadth:
18.3 mm.

Femur

left

L20.181

One-half to two-thirds of the head epiphysis, with proximal and distal surfaces.
Maximum dimension: 15.1 mm.
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Bone

Side

Number

Preservation / Notes

Femur

left

L20.103a
L20.183

Largely intact intermetaphyseal bone. The head metaphysis preserves its dorsal
and medial three-quarters (L20.183), and the neck retains the dorsal, superior
and most of the anterior surfaces. The trochanters have erosion from the
superior greater trochanter to the lesser trochanter. The proximal half of the
diaphysis is intact, but the distal half was assembled from numerous small
pieces and lacks much of the posteromedial surface. The distal metaphysis has
largely complete medial and lateral condylar surfaces with a more secure
contact with the diaphysis on the medial side. The intercondylar metaphysis is
largely absent. Maximum length: 199.0 mm

Femur

left

L20.103b

Complete distal epiphysis with loss of the medial anterior corner. Maximum
breadth: 40.6 mm.

Leg

Patellae

No trace of them was noted in the field or laboratory - they almost certainly had
either not commenced ossification or were represented by small fragments of
trabecular bone only.

Tibia

right

L20.212a

The bone consists of a tubular mid diaphysis ca.75 mm long with the proximal
and distal ends reassembled from numerous pieces. The proximal metaphysis
retains the dorsal ca.12 mm plus the posterolateral corner, joining to the
diaphysis laterally and posterolaterally. The flat beveled surface for the
tuberosity region extends proximally from the anterior crest. The proximal third
of the diaphysis lacks the medioposterior corner. The distal shaft is largely
complete to the metaphyseal flare. The distal end retains the medioposterior
third of the metaphyseal surface, with a 6.6 mm join to the posteromedial
diaphysis. Maximum preserved length: 154.7 mm.

Tibia

right

L20.212b

The distal epiphysis with the full breadth of the piece and the full depth at one
end, with erosion of the posterior edge and the anteromedial corner. Maximum
breadth: 23.7 mm.

Tibia

left

L20.196

The proximal epiphysis with the full breadth preserved but with posterior and
especially anterior erosion and lacking the middle and mid-lateral articular
surface. Maximum breadth: 28.2 mm.

Tibia

left

L20.90a

Essentially complete intermetaphyseal piece. Proximally there is surface
abrasion along the posteromedial condylar metaphysis. Distally there is bone
loss across the anterior flare, and the metaphysis lacks its anterior, anteromedial
and lateral margins. Maximum length: 157.0 mm

Tibia

left

L20.90b

The distal epiphysis, complete except for the anteromedial corner. Maximum
breadth: 23.2 mm.

Fibula

right

L20.197a

The intermetaphyseal bone complete for 44.3 mm proximally and 72.5 mm
distally, but it retains only the lateral and posterolateral surfaces for the
intervening section. Maximum length: 153.7 mm.

Fibula

right

L20.197b

One-half to one-third of the distal epiphysis with three surfaces preserved.
Maximum thickness: 8.1 mm.

Fibula

left

L20.98a

The complete intermetaphyseal bone, except for the anteromedial half of the
proximal metaphysis and adjacent flare. Maximum length: 155.8 mm.

Fibula

left

L20.98b

The complete distal epiphysis. Maximum height: 8.2 mm.

right

L20.198a

Largely complete bone with erosion all along the medial side and the plantar
head. Maximum preserved length: 28.0 mm.

Foot
Talus
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Bone

Side

Number

Preservation / Notes

Talus

left

L20.95a

The lateral malleolar surface, posterolateral three-quarters of the trochlea, the
posterolateral trochlear margin, all of the posterior calcaneal surface except the
medial margin, and a posterior portion of the sulcus tali. Maximum preserved
height: 15.1 mm.

Talus

left

L20.95b

The dorsal neck without the head or trochlear margins. Maximum preserved
breadth: 13.0 mm.

Talus

left

L20.95c

The sulcus tali surface with the posterior margin of the anterior calcaneal facet.
Maximum preserved length: 18.0 mm.

Calcaneus

right

L20.198b

A largely present bone with erosion to the dorsal and lateral body, loss of the
medial posterior talar facet, loss of most of the sustentaculum tali, absence of
the plantar cuboid facet, cracks and erosion across the tuberosity, and crushing
of the plantar surface upwards into the body trabeculae. Maximum preserved
length: 38.0 mm.

Calcaneus

left

L20.95d

Most of the bone is present, reassembled from several pieces, but all of the
margins are damaged and there are small gaps between the plantar surface
and the lateral body. Maximum preserved length: 37.9 mm.

Navicular

right

L20.88

Lateral third of the bone with the talar, cuneiform and cuboid facet areas.
Maximum preserved height: 11.0 mm.

Medial
Cuneiform

right

L20.89

Complete bone with erosion to the plantar two-thirds of the lateral surface.
Maximum height: 10.9 mm.

Intermedial
Cuneiform

right

L20.87

Dorsal body. Maximum length: 9.0 mm.

Lateral
Cuneiform

right

L20.85

Complete dorsal two-thirds of the body. Maximum length: 13.2 mm.

Cuboid

right

L20.86

Dorsal bone with the dorsal surface and the dorsal portions of the lateral
cuneiform, calcaneal, metatarsal 4 and possibly metatarsal 5 surfaces.
Maximum length: 17.1 mm.

Metatarsal 1 right

L20.83

Complete proximal epiphysis. Maximum diameter: 10.7 mm.

Metatarsal 1 right

L20.207a

Complete intermetaphyseal bone with minor erosion on the proximal
metaphyseal margins and the lateral head margin. Maximum length: 28.3 mm.

Metatarsal 1 left

L20.195

Complete intermetaphyseal bone with erosion around the dorsal base margin.
Maximum length: 28.4 mm.

Metatarsal 2 right

L20.211

Diaphysis with dorsal margin abrasion to the head metaphysis. Maximum
length: 31.6 mm

Metatarsal 2 left

L20.26a

Complete intermetaphyseal bone, with slight proximolateroplantar edge
erosion. Maximum length: 31.5 mm.

Metatarsal 3 right

L20.202

Complete intermetaphyseal bone with the absence of the plantar base corner
and a hole in the plantar half of the head metaphysis. Maximum length: 31.5 mm.

Metatarsal 3 left

L20.26b

Complete intermetaphyseal bone. Maximum length: 31.8 mm.

Metatarsal 4 right

L20.200

Complete intermetaphyseal bone with abrasion to the medioplantar base and
the medial head metaphysis margin. Maximum length: 30.3 mm.

Metatarsal 4 left

L20.26c

Complete intermetaphyseal bone with trivial plantar, medial and lateral head
metaphysis abrasion. Maximum length: 30.2 mm.

Metatarsal 5 right

L20.203

Complete intermetaphyseal bone. Maximum length: 28.2 mm.

Foot
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Bone

Side

Number

Preservation / Notes

Proximal
Phalanx 1

right

L20.27b

Complete proximal epiphysis. Maximum diameter: 8.0 mm.

Proximal
Phalanx 1

right

L20.27a

Complete intermetaphyseal bone. Side based on right (= lateral) rounding of
distal subchondral bone. Maximum length: 13.5 mm.

Proximal
Phalanx 1

left

L20.67

Complete intermetaphyseal bone with erosion on the left proximoplantar
(lateral) metaphysis. Side based on left (= lateral) rounding of distal subchondral
bone. Maximum length: 13.6 mm.

Proximal
Phalanx 2

right

L20.208a

Complete proximal epiphysis. Maximum diameter: 4.6 mm.

Proximal
Phalanx 2

right

L20.208b

Complete intermetaphyseal bone. Maximum length: 12.7 mm.

Proximal
Phalanx 2

left

L20.41

Complete intermetaphyseal bone. Maximum length: 12.8 mm.

Proximal
Phalanx 3

right

L20.209

Complete proximal epiphysis. Maximum diameter: 4.0 mm.

Proximal
Phalanx 3

right

L20.201

Complete intermetaphyseal bone. Maximum length: 12.0 mm.

Proximal
Phalanx 3

left

L20.39

Complete intermetaphyseal bone with slight proximoplantar metaphyseal
edge erosion. Maximum length: 12.0 mm.

Proximal
Phalanx 4

right

L20.204a

Complete proximal epiphysis. Maximum diameter: 3.8 mm.

Proximal
Phalanx 4

right

L20.204b

Complete intermetaphyseal bone. Maximum length: 11.5 mm.

Proximal
Phalanx 5

right

L20.205

Complete proximal epiphysis. Maximum diameter: 4.4 mm.

Proximal
Phalanx 5

right

L20.210

Complete intermetaphyseal bone. Maximum length: 9.3 mm.

Proximal
Phalanx 5

left

L20.100

Complete intermetaphyseal bone. Maximum length: 9.3 mm.

Middle
Phalanx 2/3

right

L20.79

Complete intermetaphyseal bone. Maximum length: 5.1 mm.

Middle
right
Phalanx 4/5

L20.81

Complete intermetaphyseal bone. Maximum length: 3.8 mm.

Middle
Phalanx ??

right

L20.84

Complete proximal epiphysis. Possibly associated with L20.79 based on
maximum diameter (4.4 mm).

Distal
Phalanx 1

right

L20.80a

Complete proximal epiphysis. Maximum breadth: 8.0 mm.

Distal
Phalanx 1

right

L20.80b

Complete intermetaphyseal bone. Maximum length: 10.8 mm.

Middle or
Distal
Phalanx 2-5

right

L20.82

Eroded base without the shaft or the distal end. Maximum preserved length:
3.0 mm.

Foot

chapter 13

241

| THE LAGAR VELHO 1 HUMAN SKELETAL INVENTORY

chapter 14

| The Dental Age-at-Death

❚ SIMON W. HILLSON ❚

Six approaches are possible for estimating the age-at-death of Lagar Velho 1 from the
teeth. Three of these involve matching the dental development with standard charts – those
of Schour and Massler (1941), Ubelaker (1978) and Gustafson and Koch (1974). Where they
have been tested, these all seem to yield sensible results (Liversidge, 1994). The fourth
involves the application of age limits determined by Smith (1991) from the study of
Moorrees et al. (1963) to developmental stages recorded for each tooth. The fifth is
Liversidge and Molleson’s (1999) method based upon measurements of crown heights. The
last is presented in Chapter 31 (since it relates in part to dental formation defects) and
involves perikymata counts on the well-preserved upper right canine.
None of the stages illustrated on the Schour and Massler and Ubelaker charts matches
the Lagar Velho 1 dentition exactly. The closest match, however, for the Schour and Massler
chart is their 5 years (± 9 months) stage (Fig. 14-1). In the Ubelaker chart (Fig. 14-2) the closest match lies between the 4 years (± 12 months) and 5 years (± 16 months) stages. The
Gustafson and Koch chart requires a different approach, one of matching the best fitting line
to a series of bars representing the development of each tooth (Fig. 14-3). The best match is
squarely between 4 and 5 years. In the Smith (1991) method, upper teeth and lower incisors
are not included, because the radiograph projections used in the Moorrees et al. (1963) study
did not show them. It was, however, possible to assign developmental stages to the lower
premolars and molars (Table 14-1). The mean of the age estimates based on these teeth is
4.7 years.

Table 14-1
State of tooth formation of Lagar Velho 1
Permanent tooth

Development stage (Moorrees et al., 1963)

Estimated age (Smith, 1991) in years

st

Upper 1 incisor

Over Cr.3/4 and almost Cr.C

–

Upper 2nd incisor

Just over Cr.3/4

–

Lower 2nd incisor

Over Cr.3/4 and almost Cr.C

–

Upper canine

Just over Cr.1/2

–

Lower canine

Cr.3/4

–

Upper 1st premolar

Cr.1/2

–

Upper 2nd premolar

Just less than Cr.1/2

–

Lower 1st premolar

Cr.1/2

4.1

Lower 2nd premolar

Just less than Cr.1/2

5.0

Upper 1st molar

Cli

–

Upper 2nd molar

COC

–

Lower 1st molar

R.1/4

4.9

Lower 2nd molar

COC

4.9
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– Comparison of the degree of development of the Lagar Velho 1 teeth to the Schour and Massler (1941) dental
development chart.
FIG. 14-1

FIG. 14-2

– Comparison of the degree of development of the Lagar Velho 1 teeth to the Ubelaker (1978) dental development chart.
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– Comparison of the degree of development of the Lagar Velho 1 teeth to the Gustafson and Koch (1974) dental
development chart.
FIG. 14-3

For the Liversidge and Molleson (1999) method, the height of the tooth was measured
with a pair of calipers from the developing edge of the crown or root to the highest cusp
tip. One jaw of the calipers was laid carefully across the developing edge so that it touched
two opposite sides of it, and the measurement was therefore perpendicular to this. Ages
were calculated for each tooth, using the regression formulae developed by Liversidge and
Molleson using the known age children from Christchurch, Spitalfields in London (Table
14-2). The mean age estimate for the upper teeth was 4.97 years and, for the lower teeth,
5.13 years.

Table 14-2.
Estimates of age from crown heights
Upper right

Crown height (mm)

2nd molar

4

1st molar

11.1

2nd premolar

4.5

1st premolar

Canine

2nd incisor

6.8

8.7

8.9

1st incisor

11.4

bo

0.1198

0.1258

2.2326

1.614

0.0644

-0.4486

1.0627

b1

1.6049

-0.1992

0.5604

0.5355

0.253

0.652

-0.5654

b2

-0.1141

0.1297

0

0

-0.0061

-0.008

0.1518

b3

0.00341

-0.00832

0

0

0.00962

0

-0.00765

b4

0

0.00017

0

0

-0.000724

0

0.00012

b5

0

0

0

0

0.0000147

0

0

4.93204

5.097047

4.7544

5.2554

4.7234899

4.72052

5.038009

Age in years
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Table 14-2. [cont.]
Upper left

2nd molar

Crown height (mm)

1st molar

2nd premolar 1st premolar

4.1

Canine

2nd incisor

1st incisor

6.3

8.9

8.6

11.4

bo

0.1198

1.614

0.0644

-0.4486

1.0627

b1

1.6049

0.5355

0.253

0.652

-0.5654

b2

-0.1141

0

-0.0061

-0.008

0.1518

b3

0.00341

0

0.00962

0

-0.00765

b4

0

0

-0.000724

0

0.00012

b5

0

0

0.0000147

0

0

4.98765

4.8930393

4.56692

5.038009

Age in years
Lower right

5.01689
nd

2

Crown height (mm)

molar

st

1 molar

nd

2

st

premolar 1 premolar

4.4

Canine

5.8

9

nd

2

incisor

10

bo

0.1198

1.614

0.0644

1.6016

b1

1.6049

0.5355

0.253

-0.8697

b2

-0.1141

0

-0.0061

0.2249

b3

0.00341

0

0.00962

-0.01285

b4

0

0

-0.000724

0.000233

b5

0

0

0.0000147

0

4.7199

4.9781363

Age in years
Lower left

5.262861
nd

2

Crown height (mm)

molar

4.4

st

1 molar

2

st

premolar 1 premolar

Canine

4.8746
nd

2

incisor

1st incisor

12.2

bo

0.1198

0.1258

b1

1.6049

-0.1992

b2

-0.1141

0.1297

b3

0.00341

-0.00832

b4

0

0.00017

b5

0

0

5.262861

5.658321

Age in years

nd

1st incisor

Method described in Liversidge and Molleson (1999).
y = b0 + b1x + b2x2 + b3x3 + b4x4 + b5x5
where y = age in years, and x = developing crown and root height in mm

The age estimation using the maxillary canine crown perikymata count with assumptions as to the average perikymata formation rate and age of first perikymata formation provides an age between 4.4 and 4.7 years postnatal (see Chapter 31).
In conclusion, the dental development at death was equivalent to between 4 and 5 years
in terms of the development of modern children. Within this range it would probably have
been closer to 5 years than to 4 years. It is not clear that any standard based on recent children is necessarily appropriate for a 25 000-year-old child but, of the recent standards, the
Liversidge and Molleson (1999) may well be most appropriate. Firstly, it was based on direct
measurements of dissected out teeth, whereas all of the others are based on radiographs.
Secondly, the Spitalfields collection represents sick children who died, like Lagar Velho 1,
rather than the healthy living children of radiographic studies.
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chapter 15

| The Skeletal Age-at-Death
0

❚ ERIK TRINKAUS ❚ TRENTON W. HOLLIDAY ❚ JAROSLAV BRUŽEK ❚

The assessment of the age-at-death of Lagar Velho 1 is based largely on the assessment
of the degree of calcification of the dentition (Chapter 14). As noted and summarized by
Tompkins (1991), the dentition follows a more regular schedule of formation than do most
skeletal elements, and the development of the dentition is less susceptible to environmental
perturbations. In addition, detailed formation sequences (e.g., Moorrees et al., 1963; Demirjian et al., 1973) exist for the crowns and roots, and there is an abundance of recent human
data on absolute (relative to age) and relative (relative to other teeth in the dentition) dental
formation for recent humans (Hillson, 1996; Tompkins, 1996a, and references therein).
Moreover, it has been shown that the relative formation patterns of the dentition in Late
Pleistocene archaic and modern humans are well within the documented ranges of variation
of recent humans (Tompkins, 1996b).
In contrast, most assessments of skeletal development are concerned with the appearance and fusion of epiphyses, the appearance of carpal bones, and the fusion of sutures and
synchondroses (cf., Scheuer and Black, 2000). Although standards exist for a variety of
regional portions of the anatomy [e.g., the hand (Greulich and Pyle, 1959)] for a limited
range of modern human populations, and there is a growing body of data on a few detailed
regions of the skeleton [especially for cranial base synchondroses (e.g., Redfield, 1970)], the
data that are available usually permit only the assessment of skeletal age in prehistoric
remains from the presence or absence of fusion. This is especially so, since the preservation
of epiphyses is usually incomplete and absence of evidence of ossification of an epiphyseal
center is not necessarily evidence of absence of the epiphysis’s ossification.
Consequently, this chapter will take as a given the dental age assessment, based on the
largely complete mixed dentition (Chapter 14), of death during the fifth year postnatal. The
various indicators of chronological age in the skeleton will then be assessed with respect to
their developmental status relative to existing recent human standards and documented
ranges of variation (mostly, but not entirely, based on European or European-derived populations). The focus is therefore on the goodness-of-fit, or non-fit, of the skeletal age indicators of Lagar Velho 1 relative to these reference data. This approach is done according to the
regional anatomy initially, with an overall assessment at the end.
Some of the comments here are also included in the chapters detailing the morphology of the skeletal remains, since the morphological assessments of the skeletal elements also
require taking the developmental status of Lagar Velho 1 into account.

The Cranium
The sutures of the cranial vault are all fully formed with close interdigitations between
the adjacent bones. There may have been some minor separation between the two parietal
bones along the mid-sagittal suture, but postmortem damage to the digitations precludes
determination of the original degree of tightness along the suture. There is no trace of any of
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the fontanelles. The metopic suture, along the frontal midline preserved (from supraglabellare to close to bregma), is completely fused and obliterated. It is normally fused during the
first year postnatal, but it may continue to fuse during the first four years postnatal.
The temporal bone exhibits the fusion of the elements normally fused during first few
years postnatal, including the fusion and obliteration of the squamomastoid suture and the
fusion of the anterior tympanic to the squamous portion. The foramen of Huschke, or tympanic dehiscence, on the tympanic bone presents a large opening that has full bridging across
the lateral portion of the tympanic. As with several Neandertal immature crania, the degree of
closure of the foramen of Lagar Velho 1 is delayed relative to a recent Japanese sample (Dodo
et al., 1998); the early modern humans providing data on closure of the foramen of Huschke,
Mladeč 3 (ca.3 years) and Pataud 3 (ca.7 years), both show complete obliteration of the foramen.
However, studies of recent humans scoring the foramen as present or absent (Coqueugniot,
1999; Humphrey, pers. comm.) note frequencies greater than 50% for children in the approximate age range of Lagar Velho 1, but the degree of closure was not scored in those samples.
The occipital bone exhibits a partially fused synchondrosis at the posterior foramen
magnum (the sutura intraoccipitalis posterior), having been fused along its inferior surface
but open endocranially. This synchondrosis normally fuses between about 3 and 5 years of
age, being usually completely fused by age 6 (Redfield, 1970; Scheuer and Black, 2000); the
partially fused status of it on Lagar Velho 1 is therefore within expectations. In addition, the
synchondroses between the lateral and basilar portions of the occipital bone (the sutura
intraoccipitalis anterior) are completely open. These synchondroses usually are completely
fused by about 5 to 7 years postnatal, but partial fusion can begin earlier (Redfield, 1970;
Scheuer and Black, 2000). Since the Lagar Velho 1 ones show no signs of fusion, they are
either slightly delayed or, more likely, within the expected range of variation. The sphenooccipital synchondrosis is, as expected, completely open.
As in recent human children 4 to 6 years postnatal, and unlike most Neandertal juveniles (Maureille and Bar, 1999), Lagar Velho 1 shows complete fusion of the premaxillary
suture along the internal nasal wall (see Chapter 20).

The Mandible
The mandibular symphysis is completely fused along most of its course. There is a small
section between the di1 alveoli where the fusion line is represented by a slight fissure. The symphysis is normally described as becoming fused during the first year postnatal (Molleson and
Cox, 1993; Scheuer and Black, 2000), and no systematic data are available on the persistence
of a small fissure superiorly. However, we have observed such fissures on recent juvenile
human mandibles, suggesting that it is not unusual to have some persistence of this feature.
The remainder of the age-related features of the mandible are either directly associated
with the state of calcification and eruption of the dentition or relate to general overall growth
of the bone. All of them are commensurate with the early juvenile age of the skeleton.

The Axial Skeleton
Ossification (or lack of ossification) of the synchondroses of the Lagar Velho 1 vertebrae
provides several clues as to the skeletal developmental age of the individual. For example,
the left and right posterior arches of C1 (atlas) had not yet fused, a process that normally
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begins in the fourth or fifth year postnatal (Scheuer and Black, 2000). While the anterior
arch of C1 was not recovered, it also appears that the “neurocentral” synchondroses associated with it were not yet ossified; these are said to close during the sixth year postnatal at the
earliest (Scheuer and Black, 2000). On C2 (axis), the centrum had yet to fuse with the dens,
a process that normally occurs between the ages of 4 to 6 years (Scheuer and Black, 2000).
The posterior face of the dens evinces an intradental sulcus, a feature said to persist until at
least 3 to 4 years of age. As with C1, the posterior synchondrosis of C2 remains unossified;
this fusion of the two laminae is said to commence around ages 3 to 4 years postnatal.
Likewise, the dentoneural synchondroses had not yet fused; this is also said to occur typically around age 3 to 4 years postnatal. Yet another cervical piece of unknown vertebral number, L20.400d, preserves beveled neurocentral junctions, indicative of an unossified state.
The neurocentral synchondroses of more typical (i.e., C3 to C7) cervical vertebrae are also
said to fuse around ages 3 to 4 years (Scheuer and Black, 2000). There is, however, evidence
for ossification of the posterior synchondroses in more caudal cervical vertebrae; one cervical vertebral laminar piece that spans midline (L20.42b) clearly indicates that the two laminae had fused. Fusion of posterior synchondroses in middle and lower cervical vertebrae is
said to occur typically around year 2 postnatal.
Due to the state of preservation of the thoracic and lumbar vertebrae, it is impossible to
assess whether their neurocentral synchondroses were ossified. However, the posterior synchondroses of these vertebrae yield an interesting pattern. Of the thoracic vertebrae, those
which do preserve relatively complete neural arches (T3, T4, T5, T6, T8, T11 and T12) clearly evince laminar fusion. These posterior synchondroses are among the earliest to ossify,
commencing fusion in the latter part of the first postnatal year (Scheuer and Black, 2000).
The posterior synchondroses of the Lagar Velho 1 lumbar vertebrae, unlike the thoracic vertebrae, show a mixed pattern of fusion. Lumbar vertebrae 1, 2 and 3 all have fully ossified
posterior synchondroses. Normally, laminar fusion in the upper lumbar vertebrae commences late in the first year of postnatal life (Scheuer and Black, 2000). The neural arches
of L4 and L5, however, are incompletely fused at their dorsal margins. These synchondroses are not expected to ossify until age 5, and L5 posterior fusion can occur as late as the end
of the fifth year postnatal (Scheuer and Black, 2000).
In the sacral elements, the lateral/costal elements (i.e., alae) of S1 were not yet fused
to the centrum or the neural arch. Neurocostal fusion is expected sometime between the
ages of 2 to 5, while costocentral and neurocentral fusion follows sometime later (ages 2
to 6) (Scheuer and Black, 2000). Posterior synchondroses of the sacral elements are
among the last to ossify. Ossification of these lines of fusion begins around ages 6 to 8,
and the synchondroses may persist well into puberty (Scheuer and Black, 2000). In this
regard, neither the S1 or S2 posterior synchondrosis had fused in the Lagar Velho 1 individual.
Ribs have been argued to be of little use in aging skeletons (Stevenson, 1924). At least
part of the problem with skeletal aging using ribs involves the fact that their epiphyses are
among the smallest and least easily identified in the body (Scheuer and Black, 2000). These
secondary centers of ossification were unlikely to have been present in Lagar Velho 1, since
they are said to appear in early puberty (Scheuer and Black, 2000). In fact, the only age indicator evident in the Lagar Velho 1 ribs is the fact that some of the more complete ribs (left
ribs 4, 5, and 7) evince torsion along their long axes. Due to human thoracic shape, and
developmental declination of the ribs, torsion is expected to be present in all human ribs
except ribs 1, 2, 11, and 12 by the end of the second or third year of life postnatal (Scheuer
and Black, 2000).
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The Upper Limb
The clavicle and scapula, as preserved, are generally compatible with the size and morphology expected in juvenile shoulder remains. There are no clavicular epiphyses that form
during the juvenile years (the proximal one forming in early adolescence), and the absence
of the sternal metaphysis prevents knowing its age-related configuration. Since the scapula
lacks its glenoid fossa and coracoid attachment area, their developmental status is unknown.
The proximal humeral epiphysis retains a largely complete capitular portion but does
not exhibit any clear evidence of fusion of the greater tubercle epiphyseal center onto the
capitular ones. It is possible that this is due to the minor abrasion of one margin of the capitular epiphysis. The two portions do occasionally begin fusion by three years of age, but more
frequently the fusion takes place between 5 and 7 years of age (Scheuer and Black, 2000).
The status of the Lagar Velho 1 proximal humeral epiphysis is therefore likely within normal
recent human ranges of variation for its dental age. Nothing remains of the distal epiphysis.
Both metaphyses indicate that the beginnings of epiphyseal fusion were well in the future,
as is normal.
The left ulna is a complete intermetaphyseal bone, but no trace of either epiphysis was
found. This is to be expected, since the proximal epiphysis usually does not ossify until about
8 years postnatal and the distal one rarely forms before about 5 years of age (Greulich and
Pyle, 1959; Scheuer and Black, 2000). The metaphyseal surfaces are well formed. There is
no evidence of the proximal radial metaphysis (due to damage) or epiphysis (probably due
to its usual formation after about 4 to 5 years of age, plus in situ disturbance of the left cubital
region). The distal radial metaphysis is well formed, and there is a clearly formed, laterally
thickened, distal radial epiphysis preserved with the right hand remains.
The hand remains preserve at least one of each of the metacarpals and proximal, middle and distal phalanges, plus four phalangeal epiphyses (two proximal and two middle). The
proximal metacarpal 1 metaphysis is flat, the distal metacarpal 2 to 5 metaphyses are slightly cupped (or concave), and the phalangeal proximal metaphyses are largely flat. These metaphyseal surfaces and the flat, disk-like form of the phalangeal epiphyses are all similar to
what is expected for recent human early juvenile (3 to 6 year old) hand remains (Greulich
and Pyle, 1959). There are four right and three left carpal bones preserved. Based on relative
size and morphology, and the expected pattern of ossification of these bones in juveniles
(Greulich and Pyle, 1959), the larger ones can be identified as the capitate and hamate,
whereas the smaller ones are the triquetral or lunate. There is no trace of the very small center of the trapezium, which may well have not survived. The Lagar Velho 1 carpal sizes and
forms are fully compatible with 4 to 5 year old standards for human hand development.

The Pelvis
On each side, the pelvis of Lagar Velho 1 is represented by the separated pubis, ischium and ilium. There is not the slightest trace of the beginning of their synostosis, and the
triradiate cartilage was clearly fully present between the three elements on each side. Note
that the synostosis of the three elements begins in their medial and lateral portions first, and
that the full closure corresponds in living children with the beginning of the prepubescent
acceleration of growth (Vital et al., 1989). The complete ossification of the acetabulum normally takes place between 11 and 13 years in males and slightly earlier in females (Weiner et
al., 1993). It coincides with the beginning of puberty, as noted long ago by Gegenbaur
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(1889), and it is close to menarche in females. Evidently, Lagar Velho 1 died long before
puberty and the associated growth acceleration.
The fusion of the ischiopubic ramus takes place before the acetabular fusion and
extends over several years. Currently, it normally takes place between 4 and 8 years (Birkner,
1980), but authors in the early twentieth century noted an older age for its fusion, between
10 and 12 years (Testut and Latarjet, 1927). This difference probably reflects secular trends
in skeletal maturation. More detailed data on this synostosis (Omel’chenko and
Sukhomlinova, 1976) indicate that its complete lack of fusion never extends beyond 10
years, and in only 6% of the observed cases is it present before 4 years. The complete opening of this synostosis in Lagar Velho 1 therefore supports an earlier juvenile age for it.
Nonetheless, it is possible to refine this assessment on the basis of the development
and dimensions of the iliac, pubic and ischial articular surfaces (Scheuer and Black, 2000).
Unfortunately, the incomplete preservation of the articular surfaces limits the assessments
to some extent. The development of the articular subchondral relief indicates an age less
than or similar to 5 years, whereas the articular dimensions indicate an age relative to recent
children of less than 6 years.
Comparisons of overall dimensions of the pelvic bones with the data of Florkowski and
Kozlowski (1994) from a Polish High Middle Ages sample places Lagar Velho 1 near the
“upper normal limit” of their children between 4 and 6 years (see Chapter 28). There is no
trace of the various secondary centers of ossification.
These considerations of the Lagar Velho 1 pelvis bones therefore indicate an age in the
vicinity of 4 years.

The Lower Limb
The lower limb bones exhibit well-formed diaphyses, metaphyses and variably developed epiphyses. Most of the epiphyses are normal for an age in the fifth year postnatal,
although a couple of them appear to be moderately delayed relative to the dental development.
The femoral head capitular epiphyses, which are slightly less than hemispherical and
show no sign of a fossa for the capitular fovea, are as is to be expected for child of its age.
There was no trace of the greater trochanter epiphysis, which normally begins ossification
between 2 and 5 years; it may have been very small and not recovered, but it is unlikely to
have started ossification much before death and escaped bilateral recognition. It is not clear
when the capitular and trochanteric metaphyseal surfaces become completely separated, as
they had not yet done in Lagar Velho 1.
The proximal surface of the more complete left condylar epiphysis is modestly concave
above the condyles and has a raised intercondylar area. There is no evidence of a concavity
for the patellar surface on the left side, but there is a hint of one on the right. The condylar
surfaces are evenly bulbous with a clear intercondylar sulcus distally and, especially, dorsally. All of these features are similar to what would be seen in a distal femoral epiphysis
between ca.3 to 5 years of age. The epiphysis normally does not reach the same breadth as
the distal metaphysis until ca.7 to 9 years of age, and in Lagar Velho 1 the left epiphysis is
94.9% of its metaphysis.
There was no trace of the patellae in situ, and careful inspection was made in the knee
regions to assure that they were not present. Since the patella normally begins ossification
between 2 and 6 years postnatal (Scheuer and Black, 2000), it is likely that they either had
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not yet ossified or were just beginning to form and therefore sufficiently fragile as to not preserve as recognizable bone.
The proximal epiphysis of the tibia is an undulating but largely flat bony element, clearly present but with few features. There is a slightly raised posterocentral region to fit with
the metaphysis. In this, it conforms to the general description for 4 to 5 year old proximal
epiphyses (Scheuer and Black, 2000). There is no trace of the tibial tuberosity epiphysis, as
is to be expected in an early juvenile. The distal epiphyses are slightly concave proximally
and slightly convex distally, and they are modestly thicker medially. In this, they resemble
recent human early juvenile distal tibial epiphyses.
No trace of the proximal fibular epiphyses was evident in situ. Since the proximal epiphysis does not normally begin ossification until 3 to 5 years postnatal (Scheuer and Black,
2000), if it was present it was represented only by tiny spicules of bone not readily recovered archeologically. The distal epiphyses have clearly discernible surfaces for orientation,
but they are otherwise rounded and featureless. If anything, they have less distinct margins
than the 3-year-old distal epiphysis illustrated by Scheuer and Black (2000), but they are otherwise close to the degree of development normal for early juveniles.
The pedal remains are characterized by rounded margins (except for metatarsal and
phalangeal metaphyses), porous articular subchondral bone with poorly defined margins to
the articulations, and well-formed platelike proximal epiphyses to the first metatarsal, and
the phalanges (not all of the middle and distal phalanges were recovered — Chapter 13).
There was no trace in situ of the metatarsal 2 to 5 head epiphyses; they normally remain as
“small undifferentiated nodules of bone until approximately 4 to 5 years of age” (Scheuer
and Black, 2000, p. 353), and it is possible, although unlikely, that they were not recognized.

Summary
These considerations of the skeletal age indicators for Lagar Velho 1 indicate that all of
them are in general agreement with a dental age of 4.5 to 5 years postnatal. The majority of
the indicators are in complete agreement with this assessment, although a few suggest that
Lagar Velho 1 may have been towards the delayed end of the skeletal growth range established on the basis of the modern humans, principally European and European-derived
industrialized populations. These modestly delayed indicators include the fusion of the anterior intraoccipital synchondroses, the fusion of some vertebral synchondroses, the appearance of the greater trochanteric, patellar, proximal fibular and metatarsal 2 to 5 capitular epiphyses, and (possibly) the fully open foramen of Huschke. Of these, none appears to have
been significantly delayed.
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| Comparative Considerations

❚ ERIK TRINKAUS ❚

The following sections on various aspects of the size and proportions of the Lagar
Velho 1 skeletal and dental remains are intended primarily as a paleontological description of
the preserved bones and teeth, to make available to the scientific community a set of paleontological observations to enable its integration expeditiously into paleobiological and phylogenetic interpretations of Late Pleistocene human evolution. Following on the skeletal inventory presented in Chapter 13 and the assessments of age-at-death in Chapters 14 and 15, these
sections therefore describe in detail morphological aspects of the remains, with additional
preservational comments as they pertain to the interpretation of the skeleton.
At the same time, it is recognized that all description is by its nature comparative.
The descriptions therefore contain references, qualitative and quantitative, to observations
from relevant comparative samples as available given paleontological preservation and the
current state of research and publication on both paleontological specimens and recent
human biology. In the interest of expediting the publication of the Lagar Velho human fossil remains, these comparative data are derived from the published literature, existing nonpublished data available through either the author’s (or authors’) research program(s) or
from colleagues willing to share such data, observations that can be made readily on high
quality resin casts of original fossils, and in a few cases additional observations from original remains when proximity or recent travel has facilitated such data collection. It is expected that a number of the aspects of the description and the preliminary comparisons undertaken here will serve to do little more than place the Lagar Velho remains in the context of
Late Pleistocene human evolution and recent human patterns of morphological variation.
A number of the comparisons clearly call for more detailed assessments of human developmental patterns and Late Pleistocene developmental variation.

Comparative Samples
The Lagar Velho 1 individual lived, and died, approximately 25 000 years ago. Given its
juvenile age at death, it is unlikely that it contributed genetically to subsequent generations
of southwestern European Upper Paleolithic humans, although members of its kin group
almost certainly did. Its paleontological relevance is therefore threefold, and for each aspect
there are relevant, and less relevant, human samples.
Its first importance is to our understanding of the paleobiology of contemporaneous
Gravettian (sensu lato) European populations, since Lagar Velho 1 is one of the few juvenile
partial skeletons from this time period known to us. The only others are the partially
described and now destroyed juvenile remains from Předmostí (Matiegka, 1934, 1938), the
two late juvenile/early adolescent skeletons from Sunghir (Alexeeva et al., 2000), and the
younger remains from Balla (Hillebrand, 1911). An isolated juvenile occipital is also known
from the Cova de les Malladetes (Arsuaga et al., 2001). In addition, there are possibly
Gravettian immature remains from Isturitz and Kostenki (Minugh-Purvis, 1988; Gambier,
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1990-91). The juvenile partial skeleton from Le Figuier (Billy, 1979) probably derives from
the Magdalenian, but its position within the cave’s Upper Paleolithic sequence remains
uncertain (Gambier, pers. comm.; see Chapter 33). Anatomically limited data are available
from the earlier (Aurignacian) Cro-Magnon 4252, Miesslingtal 1, Mladeč 3, 40 and 102, La
Quina 25 and Les Rois 1 immature remains (Szombathy, 1950; Vallois, 1958a; Gambier,
1986a; Minugh-Purvis, 1988; Trinkaus, pers. observ.), plus scattered very small elements
(mostly teeth) of other immature earlier Upper Paleolithic remains (see lists in Gambier and
Houet, 1993; Gambier, 2000). To this can be added the Proto-Magdalenian remains from
the Abri Pataud, especially the juvenile Pataud 3 (Billy, 1975).
In this context, Lagar Velho 1 has the potential to provide additional paleontological data
on Gravettian biological development, paleopathology and functional anatomy. For such
considerations, it is principally the roughly contemporaneous Gravettian remains from
Europe which are relevant, although recent (late Holocene) human samples (as well as other
human paleontological samples) are important for providing a broader framework for
assessing the nature and patterning of the paleobiological aspects of Lagar Velho 1 and its
Gravettian contemporaries.
The second relevance of the skeleton, and the one which has generated the most interest, derives from the proposition that it provides evidence of previous admixture between
late archaic (Neandertal) and early modern humans in southwestern Iberia (Duarte et al.,
1999). Since this is a question of ancestry (and not descendants), the only directly relevant
samples are those that represent the populations which had the potential to be ancestral to
Lagar Velho 1.
Ideally these ancestral samples would be the Neandertals of the southwestern Iberian
peninsula and the earliest modern humans who appear to have dispersed south and west
from the Pyrenees, across the Ebro Frontier (Zilhão, 1993, 2000), sometime after ca.28
000-30 000 years BP. Except for a few teeth from Portugal (Columbeira, Salemas and
Figueira Brava), the cranial remains from Forbes’ Quarry and Devil’s Tower on Gibraltar,
and a growing sample of fragmentary remains from eastern Spain (e.g., Banyoles, Cabezo
Gordo, Cova Negra, Negra del Estrecho, Sidrón and Valdegoba), Iberian Late Pleistocene
Neandertals are poorly known. None of them is preserved as an associated skeleton. Early
modern humans from Iberia south of the Pyrenees around the time of Lagar Velho 1 are currently known only from the juvenile occipital from Malladetes (Arsuaga et al., 2001), a few
fragments from the Cova Foradada (Arsuaga et al., 2001), and a possibly early Upper
Paleolithic mandible from the Cueva del Conde (Arsuaga, pers. comm.).
For these reasons of preservation and discovery, it is deemed appropriate and conceptually relevant to use, as comparative reference samples for this admixture issue, the Late
Pleistocene Neandertals of Europe and the Aurignacian and Gravettian early modern
humans from across Europe. Although some of the European Neandertal specimens were
relatively distant in time from Lagar Velho 1, having lived several tens of millennia prior to
it, current paleontological analysis of the latest Neandertal specimens (from Arcy-sur-Cure Renne, St. Césaire and Vindija G1) indicate that the morphological differences between these
initial Upper Paleolithic Neandertals and earlier Late Pleistocene Neandertals were relatively subtle in nature (Leroi-Gourhan, 1958; Wolpoff et al., 1981; Vandermeersch, 1984; Smith
and Ahern, 1994; Hublin et al., 1996; Smith et al., 1999; Trinkaus et al., 1999a). The various European earlier Upper Paleolithic human remains of relevance here are distributed
from the Atlantic to the Black Sea, and they span the time period from ca.32 000 years BP
to ca.20 000 years BP. It is recognized that the more recent of these specimens post-date
the Lagar Velho specimen by a few thousand years. However, comparisons of them to earli-
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er, pre-25 000 years BP, specimens indicate that there were few significant human biological changes during this time period, and the contemporaneous archeological record suggests
few major temporal changes in human behavior and populations, despite geographical variance, at least during the Gravettian (sensu lato) across Europe (Roebroeks et al., 2000).
At the same time, given the limitations of both the Neandertal and earlier Upper
Paleolithic early modern human samples from Europe, the paleontological base for comparisons have been expanded in space and backwards in time, as appropriate. The late archaic sample is expanded to include western Asian Neandertals, including specimens from
Iraq, Israel, Syria and Uzbekistan (McCown and Keith, 1939; Gremyatskij and Nesturkh,
1949; Suzuki and Takai, 1970; Trinkaus, 1983; Bar Yosef and Vandermeersch, 1991; Rak et
al., 1994; Akazawa and Muhesen, 2002), as well as occasional reference to late archaic
remains from other geographical areas when limitations of preservation make it particularly relevant. The early modern human sample includes as well the Middle Paleolithic
Levantine remains from Qafzeh and Skhul (McCown and Keith, 1939; Vandermeersch,
1981; Tillier, 1999), which are the earliest well-dated and securely “early modern human”
remains currently known and are frequently taken to represent the ancestral populations for
European early modern humans (e.g., Vandermeersch, 1981; Stringer et al., 1984).
For the evaluation of the admixture hypothesis, it is also necessary to rely upon data
from recent human samples, principally since none of the Late Pleistocene samples currently provides adequate numbers of sufficiently complete immature remains to establish
adequately the normal developmental trajectories for the features in question or the expected ranges of variation. As with previous studies of Late Pleistocene human immature
remains (e.g., Tompkins and Trinkaus, 1987; Minugh-Purvis, 1988; Trinkaus and Ruff,
1996; Mallegni and Trinkaus, 1997; Coqueugniot, 1999; Tillier, 1999; Krovitz, 2000; Ponce
de León and Zollikofer, 2001), developmental series of recent human remains can be used
profitably to provide a framework for assessing the patterns of expected development for
these Late Pleistocene human samples. Moreover, a variety of patterns of development and
structural integration in the skeleton can be assessed only by reference to recent human
samples, both immature and mature.
Yet, statements to the effect that morphological contrasts between Lagar Velho 1 and
European early modern humans are irrelevant since the Lagar Velho 1 configuration in question
can be matched among recent humans (e.g., Cunha, 1999; Hublin, 2000) are inappropriate.
Such direct comparisons to recent human ranges of variation would be relevant only if: 1) Lagar
Velho 1 could be descendant from any of these Holocene human populations, and 2) all modern human populations exhibited the same range of variation as do pre-25 000 year BP
European Late Pleistocene humans in the morphological features in question. The first condition is a temporal impossibility, and therefore can be dismissed. The second possibility is
demonstrably false given the plethora of morphological changes between Aurignacian and
Gravettian human populations and recent humans, and the abundance of interpopulational variation across recent and living human populations. The second condition also bespeaks a typological perspective, one in which the term “modern” (in any sense but particularly as applied to
defining Pleistocene human groups such as “early modern humans” or “anatomically modern
humans”) denotes an invariant set of attributes that are uniformly distributed across “modern”
human populations, past and present (see Roebroeks and Corbey, 2000). Consequently, assessments of the admixture hypothesis in particular will employ recent human comparative data as
a framework for evaluating the biological interrelationships of features, their developmental trajectories and expected ranges of variation, but they will assess the polarities of traits and their
implications with reference to the potential ancestors of Lagar Velho 1.
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The third relevance of the Lagar Velho 1 remains is to augment our earlier Upper
Paleolithic human fossil sample to provide a background for the subsequent human evolution during the Upper Paleolithic. Although increasingly important to our understanding of
Late Pleistocene human biocultural evolution (Brennan, 1991; Churchill, 1994; Holliday,
1995, 1999; Coqueugniot, 1999; Formicola and Giannecchini, 1999; Holt, 1999; Churchill
et al., 2000; Holt et al., 2000), trends through the Upper Paleolithic are secondary to our
assessment of the Lagar Velho 1 remains. Reference will therefore be made only secondarily to the later Upper Paleolithic human remains from Europe, principally those post-dating
the last glacial maximum.

Comparative Methods
The methods for data collection either follow standard osteometric techniques (e.g.,
Bräuer, 1988, with Martin measurements indicated by M-## for the appropriate number
when applicable) or are specified in the chapter as appropriate.
Quantitative comparisons, given the juvenile age of Lagar Velho 1, employ a variety of
techniques depending upon the feature(s) in question. For features that do not change during development once the structure is formed (e.g., dental crown diameters and labyrinthine
morphology), the Lagar Velho 1 dimensions and proportions are compared to the maximal
pooled immature and mature samples available. For structures that exhibit significant
change during development and for which paleontological and/or recent human growth
series are available, the Lagar Velho 1 values are compared to growth series and to distributions of the relevant mature (late adolescent and adult) samples.
For the growth series, either pooled samples for age intervals are employed, or the individual values are plotted against the average age estimate for the specimen in question. In
these approaches, it is recognized (Trinkaus, 2000a) that a proper assessment of the morphology of the Lagar Velho 1 remains requires that it be evaluated within the dynamic context of growth and development as documented for recent humans and illustrated for Late
Pleistocene humans by scattered immature human remains. Such dynamic assessments of
individual morphological complexes are generally beyond the scope of this descriptive
monograph. However, when feasible given the stated goals of the monograph, such more
dynamic assessments will be made or referenced, and when more static data are employed
they will be so used bearing in mind the development trajectory in which Lagar Velho 1 participated for five years during the Late Pleistocene.
In all of these developmental assessments, it is recognized that all skeletal age estimates incorporate a range and that different authors have provided mildly contrasting values for individual fossil specimens (e.g., Minugh-Purvis, 1988 vs. Madre-Dupouy, 1992 vs.
Tillier, 1999 vs. Coqueugniot, 1999). Given normal variation in the features in question and
reasonable ranges for the age estimates, the resultant comparisons are intended to provide
an interpretive framework for Lagar Velho 1 and not to be definitive statements on the agesat-death of individual fossil specimens or for the expected ranges of variation within and
among the samples in question.
Despite the acknowledged limitations of these comparative assessments of the skeletal
and dental morphology of Lagar Velho 1, it is hoped that the information presented will be
adequate to provide an assessment of its place in Late Pleistocene human evolution and to
permit the formulation of more specific hypothesis concerning aspects of immature human
morphological evolution during the Late Pleistocene.
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chapter 17 |

The Cranial Morphology

❚ ERIK TRINKAUS ❚

The head of Lagar Velho 1, as best as can be reconstructed from what portions were reasonably in situ and which ones were scattered along the eastern portion of the Abrigo do Lagar
Velho, was lying on its left side with the right side protruding to some degree above the horizontal plane of the burial (see Chapter 11). As a result of this positioning of the head, most of
the midline and right side neurocranial remains were scattered to the east of the burial by
earth-moving equipment in 1994, and the left temporal bone, inferior left parietal bone and
the left two-thirds of the mandible remained largely in place. The remainder of the pieces,
with the exception of the right temporal bone (presumably as a result of the greater density of
the petrous and mastoid regions), were broken into relatively small pieces. At the same time,
it is apparent from the number of breaks in the neurocranial pieces that were covered by
matrix, including ochre, that the cranium had broken into numerous small pieces prior to the
earth-moving activities of the early 1990s, contributing to the fragmentation.
Sorting and reassembly has resulted in the identification of most of the preserved
pieces, with principally very small pieces of the neurocranial vault (maximum diameter < 10
mm) remaining unidentified as to bone and/or position. The identified pieces have been
reassembled along secure contact points into a major portion of the neurocranium, including most of the temporal, parietal and occipital bones, portions of the frontal bone and a
fragment of the right sphenoid bone (Figs. 17-1 to 17-5). This neurocranial unit was reassembled from 11 pieces of frontal bone, 20 pieces of right parietal bone, 29 pieces of left parietal
bone, 15 pieces of occipital bone, four pieces of each of the temporal bones, and a piece of
the sphenoid bone, for a total of 84 originally separate elements. In addition, there are identified but separate portions of both maxillae (4 pieces), one nasal bone, two sections of the
right zygomatic bone, three separate pieces of supraorbital and midline frontal bone (from
8 pieces), two pieces of the occipital bone adjacent to the foramen magnum (from 3 pieces),
three sections of the left occipital squamous portion (from 4 pieces), two isolated sutural
bones, and four auditory ossicles, for an additional 28 originally separate pieces contributing to the morphology of the cranium (Chapter 13).
During reassembly of the neurocranial pieces, it became apparent that the left side of
the vault, especially in the region of the temporal squamous portion, the inferior parietal
bone and the frontal bone along the coronal suture, had been deformed postmortem. This
resulted in an abnormal flattening of the left side of the vault and a curious lateral divergence of the left lateral frontal bone relative to the parietal bone along the coronal suture
(Figs. 17-1 and 17-4). This was noticed during the original reassembly of the then available
left neurocranial elements in June 1999 (prior to the excavations during the summer of
1999 and the associated discovery of the additional elements of the cranium), and it became
increasingly apparent as the more normal curvature of the right side was reassembled during January and July 2000. This flattening of the left side of the vault is undoubtedly due to
subtle warping of the individual pieces in situ, prior to the 1994 disturbance of the site.
In the attempts to provide a reasonable reassembly of the preserved elements, this postmortem warping, combined with the inevitable angular distortions across dozens of glue
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joins between relatively thin immature neurocranial vault bones, has meant that the overall
shape of the Lagar Velho 1 neurocranium is clearly distorted from its original antemortem
form (Figs. 17-1 to 17-5). The right side should be sufficiently close to the original form to
provide a reasonable assessment of neurocranial shape. In addition, assessments of localized aspects of neurocranial morphology (except for the mid-left-lateral curvatures) are largely unaffected by the postmortem and reassembly-related distortions. However, any osteometric values of overall neurocranial size and shape taken from the reassembly (some of
which are provided below), are of necessity approximate and should be treated as such.
These issues are addressed in more detail in the computer-assisted reconstruction of the
skull (Chapter 22).

FIG. 17-1

– The Lagar Velho 1 neurocranium in norma lateralis right, as reassembled. Scale in centimeters.

FIG. 17-2 – The Lagar Velho 1 neurocranium in norma
verticalis, as reassembled. The left side is laterally
displaced due to postmortem deformation. Scale in
centimeters.
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– The Lagar Velho 1 neurocranium in norma lateralis
left, as reassembled. Scale in centimeters.
FIG. 17-3

– The Lagar Velho 1 neurocranium in norma occipitalis,
as reassembled. The left side is laterally displaced due to
postmortem deformation. Scale in centimeters.
FIG. 17-4

– The Lagar Velho 1 neurocranium in norma
basalis, as reassembled. The left side is laterally displaced
due to postmortem deformation. Scale in centimeters.
FIG. 17-5

This chapter is intended to provide an overall description of the Lagar Velho 1 cranial
remains and detailed assessments of several of its regions. Given the additional data provided by the midfacial (maxillary and nasal) region, the internal temporal bone and the auditory ossicles, those regions are described in detail in the following chapters. The computerassisted reconstruction of the whole skull (Chapter 22) follows on the presentation of the
individual anatomical sections.
The description which follows principally details the Lagar Velho 1 morphology. The limited number of immature Late Pleistocene remains available for comparisons consist principally of late archaic (Neandertal) remains (e.g., Amud 7, Engis 2, La Ferrassie 3 and 8,
Dederiyeh 1 and 2, Devil’s Tower 1, Pech-de-l’Azé 1, La Quina 18, Roc de Marsal 1, Subalyuk
2, Píñar (Carihuela) 3 and Teshik-Tash 1, all from Europe except for Amud 7, Dederiyeh 1 and
2 and Teshik-Tash 1), Qafzeh-Skhul early modern humans (esp. Qafzeh 10 and 11 and Skhul
1), and earlier Upper Paleolithic human remains. The last include data from Matiegka’s (1934)
descriptions and photographs of the destroyed Gravettian Předmostí remains (esp. Předmostí
2, 6, 7 and 22), and from Balla 1, Cro-Magnon 4252, Malladetes 1, Mladeč 3, Pataud 3 and
Sunghir 2 and 3; additional data are provided for Kostenki 3 and 4 and Le Figuier 1. The fossil immature comparative data derive principally from Hillebrand (1911), Matiegka (1934),
Heim (1982b), Tillier, (1983a, 1983b, 1987, 1999), Minugh-Purvis (1988), Madre-Dupouy
(1992), Pap et al. (1996), Dodo et al. (1998), Coqueugniot (1999), Arsuaga et al. (2001a),
Ishida and Kondo (2001) and Trinkaus (pers. observ.). Additional comparative data, as appropriate, are included for adolescent and mature specimens from these samples.

Overall Neurocranial Size and Proportions
The overall proportions of the Lagar Velho 1 cranium are presented and analyzed in a
three-dimensional context in Chapter 22 (the computer-assisted reconstruction of the skull).
It is apparent from that analysis that the overall dimensions and shape of the cranium fall
principally within the growth trajectories of early and recent modern humans and distinct
from those of the Neandertals. In the context of these overall cranial shape affinities, it is
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possible to compare the cranial capacity estimate for Lagar Velho 1 and several of the measurements of overall parietal and occipital proportions and curvature with those of other
immature Late Pleistocene humans and adults from the same samples.
The endocranial capacity of Lagar Velho 1 has been estimated (Chapter 22) at 1300-1350
cc. There are relatively few immature Late Pleistocene specimens below the age of 10 years
which provide reasonable endocranial capacity estimates (all are either European
Neandertals or Qafzeh-Skhul specimens), and it should be kept in mind that the methods of
calculation of the endocranial capacity vary from three-dimensional morphing (as in Lagar
Velho 1, and also Devil’s Tower 1, Engis 2 and Roc de Marsal 1), to volumetric displacement
of endocranial casts, to regression formulae based on recent human comparative samples.
The estimation errors are frequently of the magnitude of 50 to 100 cc, and hence differences
less than ca.100 cc are methodologically of little meaning. However, it is apparent from the
available data (Table 17-1) that there is little difference between the Late Pleistocene adult
samples in endocranial capacity (pooling the European and Near Eastern Neandertal samples provides an ANOVA P = 0.561). Among the immature specimens, there is a gradual
increase with age during the first decade, with little separation (given sample size) between
the late archaic and early modern human samples (Fig. 17-6). Lagar Velho 1 falls well within the expected distributions for its approximate age.

Table 17-1
Comparative adult neurocranial vault osteometrics for European and Near Eastern
Neandertals, Qafzeh-Skhul early modern humans, and European early Upper
Paleolithic humans.
European
Neandertals

Near Eastern
Neandertals

QafzehSkhul

Early Upper
Paleolithic

ANOVA
P-values

Endocranial
capacity (cc)

1483 ± 174 (8)

1600, 1750

1518, 1531, 1587

1519 ± 137 (21)

0.403

Bregma-Opisthion
Arc (mm)

232, 236, 249

250, 264

255, 265

254.4 ± 8.3 (20)

0.030

Parietal Curvature

93.0 ± 1.8 (9)

90.7, 93.3

89.0, 91.6, 93.3

90.8 ± 2.3 (29)

0.093

Occipital Curvature

79.8 ± 4.7 (5)

76.2, 80.8

76.9, 79.0, 84.2

79.9 ± 3.7 (20)

0.964

Parietal/Occipital
Length

109.8, 115.5, 120.7

106.7, 117.3

122.4, 127.7

123.2 ± 12.0 (20)

0.406

Bi-Asterion /
Bregma-Opisthion

51.3, 53.9

44.8, 56.3

41.9, 47.8

43.6 ± 2.4 (11)

0.008

102.4 ± 5.1 (6)

90.3, 111.7

76.5, 93.1, 100.0

84.2 ± 5.8 (12)

0.001*

8.3 ±1.8 (16)

8.3 ± 0.4 (5)

8.2 ± 2.4 (9)

6.2 ± 1.5 (13)

0.013

Bi-Asterion /
Bregma-Lambda
Parietal Thickness
(mm)

Mean, standard deviation and sample size are provided for N > 4; individual values are provided for smaller samples.
ANOVA P values across the four samples are provided; * indicates P < 0.05 after a sequentially reductive Bonferroni
multiple comparison correction within the cranial metric comparisons

Less precise comparisons but ones which include more specimens (especially of earlier Upper Paleolithic humans) can be done using arcs and chords of the parietal (bregmalambda) and occipital (lambda-opisthion) bones as well as bi-asterionic breadth. The exact
locations of bregma and lambda are open to discussion, given the presence of sutural bones
in the posterior sagittal and medial lambdoid sutures and the absence of the region around
bregma. Bregma has been located by extending the arcs of the coronal and sagittal sutures,
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FIG. 17-6 –Endocranial capacity versus age for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar Velho 1,
gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles: Near
Eastern Neandertals, open triangles: Qafzeh-Skhul specimens. The average value of 1325cc is plotted for Lagar Velho 1.

and lambda has been placed on the suture where the contours of the preserved sagittal and
lambdoid sutures would cross. The variation in the estimates is unlikely to be more than 23 mm. The position of opisthion is clear on the remains, as are the positions of each asterion. The resultant estimates from the computer-assisted reconstruction (Table 20-1) are parietal (bregma-lambda) chord and arc of 115 mm and 130 mm, occipital (lambda-opisthion)
chord and arc of 94 mm and 115 mm, and a bi-asterionic breadth of 98 mm. For comparison, direct measures on the reassembled neurocranium for the occipital bone provided
lambda-opisthion chord and arc of 93 and 112 mm and a bi-asterionic breadth (determined
as twice the measure from the midline to the right asterion) of ca.94 mm. Nasion-bregma
dimensions are provided in Table 22-1 based on the computer-assisted reconstruction; since
these measurements are based on estimations of the positions of both bregma and nasion,
comparisons of them to other specimens have not been undertaken.
The sum of the parietal and occipital arcs (ca.245 mm) is moderately large for a Late
Pleistocene human of its developmental age (Fig. 17-7), even though it is in the middle of
the Gravettian range of variation. It is exceeded by the values for slightly younger and slightly older Předmostí 6 (2-2.5 years) and 2 (7-8 years) specimens, as well as by those for the 1112 year old Předmostí 7 specimen and several late archaic and early modern mature specimens. Interestingly, it is well above those of the Middle Paleolithic late archaic and early
modern human immature crania. A recent human sample of 2-5 year old crania (MadreDupouy, 1992) provides a much lower mean of 207.9 (± 7.7, N = 19), indicating the generally larger size of all of the Late Pleistocene immature neurocrania, something expected
given the generally larger adult cranial capacities of all of these Late Pleistocene samples
(Ruff et al., 1997). This is supported by an ANOVA P < 0.001 for the recent and fossil immature crania; there is little consistent difference between the few Middle Paleolithic and the
more abundant early Upper Paleolithic sufficiently complete mature crania (Table 17-1), with
the few European Neandertal specimens being slightly smaller than the rest.
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– Bregma to opisthion midsagittal arc versus age for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon:
Lagar Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray
triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.
FIG. 17-7

Indices measuring parietal and occipital midsagittal curvature (chord/arc, in which a
lower value indicates a greater degree of curvature) place Lagar Velho 1 well within the early
modern human distributions for parietal and occipital curvature (Fig. 17-8). Among mature
specimens, there is a trend of increasing parietal curvature (decreasing indices) from the
Neandertals to the early modern humans, despite considerable overlap between the samples (Table 17-1). This shift is reflected in the distribution of the immature specimens, in
which the archaic specimens tend to have higher values than most of the early modern
ones. In this, Lagar Velho 1 is principally among the early modern human specimens. The
relatively high index for the one Qafzeh-Skhul specimen among the Neandertals, Qafzeh
10, may well be affected by the postmortem deformation of its cranial vault near vertex
(Tillier, 1999).
In the comparison of occipital curvature (Fig. 17-8), there is no difference among the
mature specimens (Table 17-1), and there is only a suggestion of greater average curvature
among the immature Neandertal specimens. The midsagittal curvature of Lagar Velho 1 is
close to the early modern specimens, but it is also bracketed by the high value for La
Ferrassie 8 and the lower ones for Engis 2, Subalyuk 2 and Roc de Marsal 1; the older juvenile Malladetes 1 occipital (not included on the graph given its uncertain age) provides a
moderately high value of 85.9. A recent human 2 to 5 year old sample provides indices of
88.1 ± 1.2 (N = 19) for parietal curvature and 83.8 ± 2.5 (N = 20) for occipital curvature
(Madre-Dupouy, 1992), values which are similar to the early modern humans.
Neither of these indices is correlated with age in a recent human 2 to 5 year old sample
(parietal r2 = 0.004; occipital r2 = 0.185). ANOVA P-values across the immature fossil samples reinforce the contrast in average parietal curvature (P = 0.064; 0.014 without Qafzeh
10) and only a modest difference in average occipital curvature (P = 0.193). Addition of
the immature recent sample from Madre-Dupouy (1992) increases the parietal difference
(P < 0.001) but changes the occipital difference little (P = 0.158).
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– Parietal (bregma-lambda) and occipital (lambda to opisthion) curvature indices ((chord / arc) x 100) for Lagar
Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar Velho 1, gray squares: European Neandertals, open squares:
European earlier Upper Paleolithic specimens, gray triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul
specimens.
FIG. 17-8

Lagar Velho 1 has parietal bone lengths compared to its occipital bone length similar to
those of other Late Pleistocene specimens. An index of the two chords (Fig. 17-9) places
Lagar Velho 1 next to the similarly aged Engis 2 and Skhul 1 specimens and in the middle of
the immature and mature distributions. The recent human immature sample has relatively
low indices (118.1 ± 6.9, N = 19), reflecting their smaller overall size.
One comparison of relative cranial breadth can be done using bi-asterionic breadth versus the sum of the parietal and occipital arcs or, to increase mature sample size, the parietal
arc alone (Fig. 17-10). In these comparisons, there are significant differences between the
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FIG. 17-9 – Parietal chord versus occipital chord indices for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar
Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles:
Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.

Neandertal and early modern human adults, especially in the comparison of bi-asterionic
breadth to the parietal arc (Table 17-1). There is more scatter among the immature specimens, but the index for Lagar Velho 1 is well below those of the three Neandertals and the
three Qafzeh-Skhul juveniles providing data and among the immature and mature early
modern humans. In terms of relative posterior neurocranial breadth, therefore, Lagar Velho
1 is most closely aligned with the mature early modern human samples.
The Lagar Velho 1 neurocranial midsagittal arc therefore appears to exhibit size and
proportions generally similar to those of other Late Pleistocene humans. The only metric
patterns for which Lagar Velho 1 provides data and for which shifts occur between late archaic and early modern humans, relative parietal curvature and relative posterior neurocranial
breadth, place Lagar Velho 1 well within the early modern human samples and largely separate from the Neandertals.
In posterior view (norma occipitalis), the neurocranium appears to be evenly rounded
superiorly lacking the prominent parietal eminences common on early modern human crania (see discussion below and Figs. 17-4 and 22-5). However, the mastoid area is relatively
prominent laterally, making the inferolateral profile of the neurocranium in norma occipitalis
largely vertical. In this sense, Lagar Velho 1 lacks the coronal rounded contour (“forme en
bombe”) seen in immature and mature Neandertal crania (Hublin, 1998; Tillier, 1987),
although it does not present the strictly pentagonal coronal profile considered (e.g., Hublin,
1983) characteristic of early and recent modern humans. Indeed, it is largely the lateral
prominence of the mastoid processes in early modern humans which provides them with
the distinctive pentagonal form in norma occipitalis, whereas the lateral profiles of the mastoid processes of immature and mature European Neandertals, largely within the curvature
of the parietal bones, provide them with the “forme en bombe” considered distinctive of
them. The degree of parietal eminence projection is variable among the early modern
humans, although it is rarely marked among the Neandertals.
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FIG. 17-10 – Bi-asterionic breadth versus the bregma-opisthion arc (above) and the bregma-lambda arc (below) for Lagar Velho 1
and Late Pleistocene specimens (x 100). Black hexagon: Lagar Velho 1, gray squares: European Neandertals, open squares:
European earlier Upper Paleolithic specimens, gray triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul
specimens.

The Frontal Bone
The Lagar Velho 1 frontal bone retains five portions, a midline section with the internal
frontal crest, a lateral section of each supraorbital margin, and a lateral section of each frontal
squamous along the temporal lines and the coronal suture (Chapter 13). Despite considerable
effort (and some wishful thinking), it was not possible to identify confidently pieces that
joined the two supraorbital sections and the midline section to each other or to the lateral
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squamous portions (see Chapter 22). Their orientations therefore remain approximate. In
addition, even though both the right supraorbital piece and the frontal process of the right
zygomatic bone retain portions of their common suture, the bone along that suture is too
eroded on both elements to provide a confident orientation to the contact between them.

The Supraorbital Region
The supraorbital margin is represented by a substantial portion on the left side, from
the supraorbital notch to the eroded frontozygomatic suture, and by a smaller piece adjacent
to the frontozygomatic suture on the right side. The supraorbital margin proper is rounded
and moderately thick along its length, increasing from ca.3.0 mm at midorbit (left side) to
ca.4.0 mm adjacent to the frontozygomatic suture on both sides (Fig. 17-11). Laterally, superior and posterior of the supraorbital margin, the exocranial surface rounds onto a broad and
largely flat supraorbital trigone, which is separated from the squamous portion by a broad,
open but moderately deep sulcus. The sulcus gradually reduces in size medially, such that
in the vicinity of the supraorbital notch the sulcus is absent and the exocranial surface
extends straight from the supraorbital margin to the squamous region above.

– The Lagar Velho 1 left supraorbital piece in anterior view (above right), the midline frontal squamous piece in left
lateral view (left), and the frontal process of the right zygomatic bone in lateral view (below right). Scale in centimeters.
FIG. 17-11
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In the rounded nature of the margin, the Lagar Velho 1 frontal bone is similar to the
Cro-Magnon 4252 lateral right supraorbital piece, which also presents a clear supraorbital
lateral sulcus in the region of the temporal crest and a rounded anterior margin which is
minimally 3.5 mm thick and 4.4 mm thick at the frontozygomatic suture. However, the CroMagnon 4252 piece is a small isolated fragment, and it is unclear whether it derives from a
similarly aged or a substantially older juvenile. The Lagar Velho 1 lateral supraorbital margin, however, contrasts with the sharp and angled supraorbital margins of recent human
juveniles and (judging from photographs) with the younger (2-3 year old) Balla 1 and
Předmostí 6 crania. It is also very different from the older (ca.7 years) Pataud 3 frontal,
which has a sharp lateral margin with a minimal thickness of ≤ 2.0 mm and a thickness of
2.3 mm at the frontozygomatic suture. The developmentally slightly younger (and probably
Magdalenian) Le Figuier 1 supraorbital margin is also sharp and angled, with a mid-orbit
thickness of 1.3 mm and a lateral one of 1.6 mm.
Similarly aged Neandertal juveniles (Devil’s Tower 1 and Engis 2) have (or appear to
have, in the case of Engis 2) supraorbital margins that are sharply angled inferiorly, but are
considerably thicker laterally (ca.7.0 mm for Devil’s Tower 1 and 6.5 mm for Engis 2) and
accompanied by a distinct transverse swelling above the supraorbital margin, the developmental predecessor of a full supraorbital torus. A similar pattern is evident in the slightly
older (6-7 year old) La Quina 18 cranium, but its lateral thicknesses are only 4.5 and 4.3 mm
and its minimum lateral thicknesses are 3.2 and 3.0 mm. The transverse swelling is absent
from the Lagar Velho 1 supraorbital region, but its thickness fits within the known immature Neandertal range (or expected range, based on older and younger individuals) in terms
of lateral thickness.
The specimens which appear to most closely resemble Lagar Velho 1 in the degree of
apparent lateral supraorbital projection combined with a similar degree of thickening and
rounding of the lateral margin are the slightly older Qafzeh 10 (ca.6 years) and the much older
Předmostí 7 (11-12 years) specimens, as well as the Cro-Magnon 4252 specimen of indeterminate age. The similarly aged Skhul 1 specimen exhibits a sharp margin, little thickening,
and only a minimal lateral supraorbital sulcus. The Předmostí 7 specimen cannot be measured, but Qafzeh 10 provides (on the right side) a midorbit thickness of ca.3.5 mm and lateral thickness of ca.2.5 mm, and Skhul 1 has midorbit thicknesses (2.0-2.5 mm) and lateral
thickness (ca.2.5 mm), all of which are less than the Lagar Velho 1 values. In the context of
this, it should be noted that several of the Qafzeh-Skhul adult specimens exhibit full supraorbital tori (e.g., Qafzeh 3 and 6 and Skhul 5 and 9), although other specimens (e.g., Qafzeh
9) lack the lateral development of the torus. Aurignacian and Gravettian adults, although frequently possessing prominent superciliary arches united across glabella, do not exhibit sufficient thickening of the lateral supraorbital area and continuity between the glabellar and lateral supraorbital areas to be characterized as possessing a supraorbital torus; however, several specimens (e.g., Předmostí 1 and 3 and Pavlov 1, as well as the earlier Mladeč 5) exhibit both
prominent superciliary arches and some thickening of the lateral supraorbital region.
The Lagar Velho 1 supraorbital morphology is also close to those of the younger (2-3 year
old) Pech-de-l’Azé 1 and Subalyuk 2 Neandertal crania, although those late archaic humans
exhibit less rounding of the lateral margin and greater swelling of the area above the margin.
The supraorbital region of Lagar Velho 1 is therefore most similar to those of early modern human juveniles in its basic form, particularly in the absence of a distinct transverse
swelling above the supraorbital margin which characterizes all Neandertal juvenile specimens. However, the degree of lateral projection, the associated sulcus and especially the
thickening and rounding of the margin are similar to those of developmentally older
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Qafzeh-Skhul and Gravettian specimens, suggesting that had Lagar Velho 1 survived to
maturity, its supraorbital region would have been at least as prominent as the more craniofacially robust Qafzeh-Skhul specimens, possibly overlapping the robust end of the
Gravettian supraorbital range of variation.
As mentioned above, the left supraorbital margin exhibits a clear supraorbital notch
rather than a foramen or the absence osteologically of a neurovascular pathway for the supraorbital artery and nerve. The absence of a notch, or incisure, has been considered a derived
Neandertal feature (Tillier, 1983a), in contrast to the more common pattern of the presence
of a notch or a foramen in recent and early modern humans (Matiegka, 1934; Coqueugniot,
1999). However, the younger Qafzeh immature specimens also lack a notch or foramen,
and one (Píñar 3) of seven juvenile Neandertals exhibits a notch (Coqueugniot, 1999).
Neither of the supraorbital pieces nor the midline squamous piece extending upwards
from glabella exhibits any trace of a frontal sinus. The frontal sinus normally begins development and is perceptible radiographically by about 4 years of age (Maresh, 1940;
Anderhuber et al., 1992), but it is rarely developed above the orbital margins before five to
six years of age (Maresh, 1940). It is therefore likely that the Lagar Velho 1 frontal sinus, if
originally present, was contained in the absent interorbital area.

The Frontal Squamous Portion
The midline piece of the frontal squamous (Fig. 17-11) exhibits no trace of the metopic
suture. In this, it is similar to 75% (N = 8) of the juvenile to early adolescent Neandertal crania, 75% (N = 4) of the Skhul-Qafzeh similarly-aged specimens, and 71.4% (N = 7) of earlier Upper Paleolithic specimens (counting partial presence, which is usually glabellar in position, as absent given the absence of the glabellar region on the Lagar Velho 1 frontal bone)
(comparative data from Coqueugniot, 1999).
The Lagar Velho 1 frontal bone is notable primarily for its prominent frontal crest,
which projects up to 5.0 mm from the adjacent endocranial surface. The crest deviates
slightly to the right as it goes superiorly. As the crest tapers off superiorly, a straight sulcus
for the sagittal sinus forms and continues to the postmortem break towards bregma.
The midline sagittal curvature of the frontal squamous extends from a relatively
straight line above glabella and gradually increases in curvature superiorly. In this respect,
it closely resembles most Late Pleistocene immature crania, whose maximum sagittal
frontal curvature occurs near the middle of the nasion-bregma arc. The Lagar Velho 1 piece
appears to lack any suggestion of a supraglabellar midline sulcus, such as is evident on
Devil’s Tower 1, Engis 2, Mladeč 3, Předmostí 2, La Quina 18, Qafzeh 10 and Subalyuk 2 but
is absent from Skhul 1, Pataud 3 and Předmostí 6.
The right lateral squamous portion is evenly convex from the level of pterion to the
region approaching bregma (the left side is deformed postmortem). There is no obvious
trace of the right temporal line. However, both lateral squamous portions exhibit a series of
largely parallel grooves radiating posterosuperiorly from the temporal fossa. On the left side,
there is one principal groove. On the right side, there is a deeper one which branches as it
approaches the coronal suture, combined with several faint ones above it and parallel to it.
All contain ochre and therefore predate the 1994 disturbance of the skull. Their etiology
remains uncertain, but they are frequently apparent on late archaic and early modern
human immature and mature frontal bones. Endocranially, there is no evidence of
meningeal vessel sulci.
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The Parietal Bones
The Lagar Velho 1 parietal bones are largely smooth exocranially and gently undulating
endocranially. The minimally deformed right one shows an even external convexity. There
is no trace of the temporal lines on either parietal bone.
It is difficult to determine conclusively the degree of parietal eminence projection on
either side, since the bones are broken with missing pieces on both sides and the left one is
deformed. However, as mentioned above, the portions preserved on the right side indicate
a relatively smooth superolateral coronal profile and anteroposterior horizontal profile, suggesting little development of the parietal eminence.
There is a suggestion of a supralambdoidal flattening in norma lateralis (Fig. 17-2) and
a slight posterosuperior raising of the right parietal bone just anterior of the lambdoid
suture. The flattening, however, is less pronounced than that seen in the juvenile Engis 2
and Subalyuk 2 crania. It is similar to those seen in early modern human juveniles, such as
Předmostí 2 and 6 and Qafzeh 10, as well as the Neandertal La Quina 18. And the raising of
the lambdoid suture from the parietal plane is less than that seen in Předmostí 7, a marked
pattern which presages the pronounced occipital protrusion along the lambdoid suture seen
to varying degrees in several earlier Upper Paleolithic crania, including Brno 2, Cro-Magnon
3, Dolní Věstonice 11, Mladeč 5, Pavlov 1 and Předmostí 1 and 3. Given the variable presence
of occipital buns in all of these Late Pleistocene human samples (Trinkaus and LeMay, 1982;
Smith, 1984) and its normal development early in childhood (Trinkaus and LeMay, 1982),
the pattern present in Lagar Velho 1 and other Late Pleistocene juveniles (archaic and modern) is expected.

Parietal Thickness
The parietal bones of Lagar Velho 1 are moderately thick but normal for a Late
Pleistocene human. The right bone at the location closest to the eminence provides a thickness of 3.1 mm, whereas the left one provides measurements between 3.0 and 3.5 mm
depending upon small variance in the perceived location of the eminence. As is normal
(Roche, 1953), the bones are thicker near the sutures, providing right and left thicknesses in
the midsagittal suture of 4.9 mm and 5.0 mm and a maximum on the left side near lambda of 5.0 mm.
Late Pleistocene humans have generally thicker cranial vault bones than those of recent
humans (Lieberman, 1996), and this thickening is seen particularly in the Middle
Paleolithic Neandertal and Qafzeh-Skhul samples (Table 17-1), compared to the lower values
for the earlier Upper Paleolithic. The paleontological immature specimens show a steady
increase in thickness with age, as do juvenile recent humans (Roche, 1953), and there is little difference between the specimens from the different samples (except for the rather low
values for the older Qafzeh 11 and Předmostí 7 specimens) (Fig. 17-12). The values for Late
Pleistocene immature specimens, as with the adults, remain generally above those for recent
humans (Minugh-Purvis, 1988). The average thickness for Lagar Velho 1 (3.2 mm) is in the
middle of the Late Pleistocene 3 to 6 year old growth trajectory and well above the mean of
2.1 mm (± 0.3) for 4.5 year old recent humans provided by Roche (1953).
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FIG. 17-12 – Parietal thicknesses for Lagar Velho 1 and Late Pleistocene specimens. Black hexagon: Lagar Velho 1, gray squares:
European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles: Near Eastern
Neandertals, open triangles: Qafzeh-Skhul specimens.

Middle Meningeal Vessel Impressions
Endocranially, most of the parietal surfaces, and all of the frontal bone ones, are devoid
of meningeal vessel sulci. However, there are prominent sulci running vertically along the
coronal suture, for the coronal branches of the middle meningeal vessels.
On the left side, there is a deep sulcus at pterion along the coronal suture. By 12-13 mm
above pterion on the parietal side of the coronal suture, the sulcus is deep and 3.5 mm wide.
Then, ca.21 mm above pterion, the deep sulcus fades out rapidly to become two thin and
shallow lines continuing parallel to the coronal suture and 1.7 mm and 4.2 mm from the
sutural edge. At the same level, a faint line extends posterosuperiorly for ca.21 mm from the
coronal suture. There is an additional faint line near the middle of the sagittal suture. There
is no evidence of sulci for the posterior branches of the middle meningeal vessel.
On the right side, there is a deep sulcus for the coronal branch of the middle meningeal
vessel that runs alongside the coronal suture for the entire preserved length of the suture (arc:
88 mm) (Fig. 17-13). In the middle of its preserved course, the sulcus is 2.8 mm wide and 34 mm from the edge of the coronal suture. There are two small branches that derive from this
coronal sulcus, one about 29 mm from pterion and the other about 56 mm from pterion.
Both are shallow and ca.1 mm wide and fade out 15-17 mm from the coronal branch. In addition, there is a shallow and 1 mm wide sulcus, probably for the posterior branch of the middle meningeal vessel which diverges posterosuperiorly from the region of pterion and extends
in a straight line to the postmortem break of the parietal bone. There is no evidence for a posteroinferior branch on the left parietal bone, where the area is well preserved endocranially.
It is difficult to interpret the morphological affinities of these middle meningeal sulcal
patterns on the parietal bone, given within group variation in branching patterns, asymmetries in the patterns, and variation in the impressions made on the bones. However, a general Late Pleistocene pattern has emerged (Saban, 1984; Grimaud-Hervé, 1997), in which
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– Internal view of the right anterior parietal and
posterior frontal bones along the coronal suture, taken
prior to reassembly of the major portions of the
neurocranium. The meningeal sulcus along the coronal
suture and its few branches are evident. Scale in
centimeters.
FIG. 17-13

the Neandertals (in contrast to early modern
humans) are characterized by a dominant
coronal (or anterior) branch, a simple set of
posterior branches, little complexity to the
branches coming off of the anterior branch,
and the frequent presence of a Breschet
sinus near bregma. Preservation of Lagar
Velho 1 does not permit assessment of the
presence of the last feature, but in the other
features it matches the pattern seen among
the Neandertals. Moreover, these patterns are
established by about three years of age with
principally additional anastomoses forming
subsequently during development (Saban,
1981, 1986). Indeed, the 4-5 year old Devil’s
Tower 1 Neandertal, the younger Pech-del’Azé 1, and the older La Quina 18 all exhibit
patterns basically similar in these features to
Lagar Velho 1.

The Occipital Bone
Squamous Portion
The squamous portion of the Lagar Velho 1 occipital bone is preserved principally on
the right side extending slightly past midline. This is complemented by a free-floating left
section with the semispinalis capitis fossa and several pieces attached along the left lambdoid and occipitomastoid sutures.
The squamous portion is characterized by an even curve in both the sagittal and horizontal planes (Figs. 17-1 and 17-2). The degree of curvature, as discussed above, is similar to
those of other Late Pleistocene humans. There is little clear demarcation of the nuchal plane,
since the superior nuchal line is not apparent along its entire length (Fig. 17-4). There is a
slight concavity 7 mm right of midline at the presumed level of the superior nuchal line,
which may indicate its original position. In this absence of a superior nuchal line, Lagar
Velho 1 is similar to Mladeč 3, Qafzeh 10 and Skhul 1, although the area is more clearly
demarcated in Engis 2, Předmostí 2 and 6, and Subalyuk 2.
Endocranially, the sulci for the transverse sinuses are well demarcated, as are those for
the sigmoid sinuses on the adjacent temporal and parietal bones. The internal occipital protuberance is not preserved, so it is not possible to determine the sulcal pattern for the sagittal straight and transverse sinuses at endinion.

Iniac Region
There is no evidence of an external occipital protuberance on Lagar Velho 1. However,
the region of inion is not well preserved (Fig. 17-14), and such a protuberance is absent from
other Late Pleistocene (and most recent) human juvenile crania. It is not possible to deter-
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– Posterior detailed view of the right nuchal and suprainiac region, showing the suprainiac fossa pitting and the
pronounced right semispinalis capitis fossa. The juxtamastoid region of the right temporal bone and the region of right
asterion are evident on the right. Scale in centimeters.
FIG. 17-14

mine whether such a protuberance would have developed had Lagar Velho 1 survived to
maturity, as in many (especially male) early modern human crania, or not developed one, as
in all known Neandertals and some early modern humans.
Just superior of the level of the superior nuchal line and just to the right of midline,
there is an irregularly oval area of bone which is moderately porous and pitted and consists
in part of a new layer of dense bone laid down on the exocranial surface (Fig. 17-14). The area
is at least 15.5 mm wide (it is broken away medially) and ca.11 mm high. It does not raise up
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the adjacent exocranial surface, and the middle of the area is concave along the postmortem
break of the bone. The surface of this oval area of bone is very similar to that seen in juvenile specimens with a suprainiac fossa, although such fossae among Neandertal juveniles
are frequently more distinctly concave. This surface morphology is very different from the
smooth surface associated with the absence of a suprainiac fossa.
Suprainiac fossae are present among 100% of adult European Neandertals (N = 16) and
occur as well (although less pronounced on average) among Near Eastern specimens of this
group (Hublin, 1978a; Santa Luca, 1978; Trinkaus, 1983). They are oval in shape, sometimes
double, variable in size and degree of concavity, and associated with the absence of an external occipital protuberance. They are usually considered to be one of the most derived and
distinctive morphological features (autapomorphies) of the Neandertals (Santa Luca, 1978;
Hublin, 1978b), emerging during the Middle Pleistocene in Europe and adjacent areas of
Asia (Hublin, 1978b; Dean et al., 1998; Stringer and Hublin, 1999). However, porous or pitted depressions above inion are present among European Upper Paleolithic early modern
humans (Frayer, 1993; Sládek, 2000; Trinkaus, pers. observ.), but they are usually associated with a prominent external occipital protuberance and are subtriangular in shape.
However, one Late Upper Paleolithic specimen (Rond-du-Barry 8) exhibits a distinct oval
suprainiac fossa, well within the range of variation of Neandertal fossae.
In addition, oval suprainiac fossae are present in several European and western Asian
immature Neandertal specimens from infancy through adolescence, including Amud 7, La
Ferrassie 8, Dederiyeh 2, La Quina 18, Subalyuk 2, Roc de Marsal 1, Engis 2 and Teshik-Tash
1, as well as the late Middle Pleistocene juvenile La Chaise-Suard occipital. However, they
vary in their degree of expression, with some (e.g., Engis 2, La Ferrassie 8 and La Quina 18)
having well developed ones and others (e.g., Subalyuk 2) less well-defined fossae (Tillier,
1983a; Pap et al., 1996). Such a fossa or porous/pitted area is absent from the Skhul 1 and
Qafzeh 11 crania, but an oval area of slightly pitted bone ca.27 mm wide and ca.16 mm high
is present just above inion on the Qafzeh 10 occipital bone. It is not possible to determine
whether they were present on the Předmostí juvenile specimens, but the two immature early
Upper Paleolithic early modern human occipital bones available, Malladetes 1 and Mladeč 3,
lack any trace of a suprainiac fossa.
The morphology of this incomplete suprainiac region on Lagar Velho 1 is therefore very
close to that seen in juvenile Neandertals and contrasts with the available European early
modern human juveniles preserving the region.

The Nuchal Plane
The Lagar Velho 1 nuchal plane, to the extent preserved, continues the externally convex contour evident throughout the squamous occipital bone. The external occipital crest is
apparent below the level of the inferior nuchal line, but it is little more than a rounded,
slightly raised line between the superior and inferior nuchal lines.
The nuchal plane is most notable for its bilaterally prominent semispinalis capitis fossae (Fig. 17-14). They consist of marked depressions with distinct superomedial borders and
less marked ones laterally and inferiorly, with rugose surfaces within the fossae. These fossae are generally more pronounced and especially more laterally placed in mature
Neandertals than among modern humans (Hublin, 1978a). With the limited comparisons
available, however, the Lagar Velho 1 semispinalis capitis fossae are markedly more similar
to those of the Subalyuk 2 and Engis 2 Neandertals in their size and lateral extent than they
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are to the smaller ones present on Qafzeh 10 and Skhul 1. More directly relevant, the Lagar
Velho 1 pattern contrasts strongly with the Mladeč 3 occipital, on which no trace of the semispinalis capitis fossae is evident. The Malladetes 1 occipital has clear semispinalis capitis fossae, but they meet at the midline and show none of the midline separation or lateral extent
evident on the Lagar Velho 1 occipital bone.

The Foramen Magnum Region
The inferior portion of the Lagar Velho 1 occipital bone consists of a left posteromedial section of the lateral part with the foramen magnum border attached to the nuchal plane,
the posterior portion of the right condyle with the hypoglossal canal (or anteromedial lateral part), and most of the basioccipital with a portion of the anterior portion of the left condyle
(Chapter 13). None of these pieces join, although mirror-imaging permits joining of the right
condyle to the basioccipital and anterior left condyle, as well as providing a minimum length
for the foramen magnum through the alignment of the left posterolateral foramen border
with the posterior margin of the right condyle (Chapter 22). The observations here, however, are made only on the separate pieces of the inferior occipital bone.
The posteromedial lateral part with its foramen magnum margin exhibits a partially
fused synchondrosis with the adjacent nuchal plane (sutura intraoccipitalis posterior).
Although broken postmortem and then reglued, the synchondrosis was fused along the 10.4
mm of the inferior exocranial surface, but unfused along 7.4 mm of the endocranial surface
and across most of the cross section of the synchondrosis. This synchondrosis normally
fuses between 3 and 5 years of age, being completely fused normally by age 6 (Redfield,
1970); the partially fused status of it on Lagar Velho 1 is therefore to be expected. Among the
Neandertals, it is fully open on the younger Pech-de-l’Azé 1 cranium, but it is also at least
partially unfused on the older (ca.6 years dentally) La Quina 18 specimen.
The synchondroses between the lateral and basilar portions of the occipital bone (sutura intraoccipitalis anterior) are completely open. The well preserved right one (on the lateral
part) is 15.6 mm high and 9.6 mm wide, is concave, and exhibits a deep transverse groove
just dorsal of the middle of the subchondral surface. The groove is fused on the internal and
external sides, but it goes through to the hypoglossal canal in the middle of the surface. The
left surface, on the basilar part, is evenly undulating, ca.15.0 mm high and 8.3 mm wide, and
oriented at 66° to the coronal plane of the bone. These synchondroses normally are completely fused by about 5-7 years postnatal, but partial fusion can begin earlier (Redfield,
1970). Interestingly, they are still fully open on the dentally aged 6 year old La Quina 18 cranium. The Lagar Velho 1 ones show no sign of fusion.
The sphenooccipital synchondrosis surface is partially preserved on the basilar portion, and
it is completely open, as expected. It measures 15.5 mm transversely and 10.9 mm vertically.
The basioccipital is incomplete but provides details on several aspects. The endocranial
surface is distinctly concave. The inferior (exocranial) surface has a midline pit ca.3 mm posterior of the sphenooccipital synchondrosis, which is bordered bilaterally by clear but low
ridges, the better preserved left one of which is 10.3 mm in length. The midline foramen border is absent, but continuing the curve of the adjacent border provides a length from the
sphenooccipital synchondrosis to the foramen magnum border (basion) of ca.14 mm.
The right condylar subchondral surface is straight on its lateral side and “S” curved
medially, being concave anteriorly. There is a gentle depression in the middle of the anterior half of the surface. It is 17.2 mm long, maximally 9.3 mm wide.
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The right hypoglossal canal has its largest cross section medially, and then it tapers laterally to be narrowest just medial of the lateral margin. There is a small ridge of bone protruding into the canal anteriorly, associated with the groove evident in the synchondrosis for
the basilar part. The maximum and perpendicular to maximum diameters of the respective
ovals are: medial: 5.5 mm and 4.1 mm; lateral: 5.0 mm and 3.7 mm; minimum: 4.4 mm and
3.7 mm. The last provides an area (using an ellipse formula) of 12.8 mm2. This value is moderately small, being one standard deviation below the mean of a recent human sample [19.0
± 6.9 mm2, N = 48 (Kay et al., 1998)]; two Neandertal and one Qafzeh-Skhul adults all have
areas which are similar and well-within the recent human range of variation. The younger
Pech-de-l’Azé 1 Neandertal provides an area (using an ellipse formula) of 11.6 mm2, whereas the older Pataud 3 juvenile furnishes an area of only 6.6 mm2. All of them are unexceptional for Late Pleistocene and recent humans.
The posterolateral foramen magnum border exhibits a distinct tubercle just posterior of
the condyle, which is bordered posteriorly by an oblique sulcus. There is then a rounded elevation which continues along the border to the posterior midline. The foramen border is sharp.

The Temporal Bones
Both of the temporal bones of Lagar Velho 1 are preserved, and between them they
retain most of the skeletal portions (Figs. 17-15 to 17-17). The right temporal bone preserves
most of the petrous, mastoid and temporomandibular articulation regions, whereas the left

– The right temporal bone in approximately norma lateralis. Portions of the right parietal bone, occipital bone and
sphenoid bone are attached. Scale in centimeters.
FIG. 17-15
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FIG. 17-16

– The left temporal bone in approximately norma lateralis. Scale in centimeters.

one preserves the lateral tympanic ring, the mastoid area and much of the squamous portion. The right squamous portion is largely absent, preserving principally the region adjacent to the parietal notch. However, the preservation of the squamous suture on the left parietal provides an indication of the overall height and shape of the left side. The left petrous
and zygomatic process base areas are missing. The right side is undistorted, and any distortion from glue joins and the postmortem flattening of the left inferior parietal bone are
unlikely to affect parasagittal dimensions of the squamous portions.
The left malleus was discovered in sieving, and all three of the right auditory ossicles were
in the right petrous portion when discovered. The right incus and malleus fell out during cleaning and are preserved separately. The right stapes is firmly attached to the oval window and can
be observed through the large foramen of Huschke (tympanic dehiscence) (Chapter 19).

Ontogenetic aspects
Several aspects of the temporal bone reflect primarily the juvenile developmental age of
Lagar Velho 1. All of the sutures with adjacent bones are completely open, although close fits,
or interdigitations, are evident along the preserved portions of the squamous sutures, the
parietomastoid and occipitomastoid sutures, and around the sutural ossicles in the right pari-
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FIG. 17-17

– The right temporal bone and adjacent occipital and sphenoid bones in inferior view. Scale in centimeters.

etal notch and at both asterions (see below for discussion of the ossicles). Medially the petrosquamous suture is visible but fused, and the tegmen tympani overlies the squamous part.
The squamomastoid suture is completely obliterated. The anterior tympanic is fused to the
squamous part, but there is a fissure evident all along the anterior portion of the tympanic.
The styloid process is visible within its pit, but it does not project outside of the pit. The
full sheath is not yet developed, but there is a prominent spine along the tympanic crest
(along the posteroinferior margin of the tympanic), projecting maximally to a blunt spine
just anteromedial of the styloid process.
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The tympanic portion exhibits a large tympanic dehiscence (foramen of Huschke),
measuring 3.0 mm anteroposterior and 4.3 mm mediolaterally (Fig. 17-17). The distance
to the lateral margin of the tympanic, of the breadth of the lateral bridging of the tympanic, is 3.8 mm.
The tympanic dehiscence usually fuses over during the first half decade of life (Ars,
1989), but it may remain open into maturity in a significant percentage of recent humans
in some populations (Berry and Berry, 1967). Scored solely as the presence or absence of
a dehiscence (Coqueugniot, 1999), a recent human early juvenile sample exhibits 87.2%
presence of a dehiscence and a pooled recent British sample provides a frequency of 55%
for 4-5 year old children (Humphrey, pers. comm.). Among Late Pleistocene juveniles, all
of the younger juvenile (less than 7 years) Neandertal specimens (N = 8) exhibit a dehiscence. However, the older juvenile Neandertals, La Ferrassie 3 and Teshik-Tash 1, are variable in this feature, since the La Ferrassie 3 foramen is fully open. Among adult
Neandertals (N = 10), all of them exhibit complete closure of the foramen of Huschke.
Among early modern humans, two younger Qafzeh-Skhul specimens (Qafzeh 21 and
Skhul 1) exhibit openings, although the older Qafzeh 11 lacks a foramen. Little data are
available for earlier Upper Paleolithic juveniles, but both Mladeč 3 (2-3 years) and Pataud 3
(6-7 years) have complete closure of the foramen. The older Předmostí 7 and 22, as well as
the Cro-Magnon, Dolní Věstonice, Mladeč, Pataud, Pavlov, Vogelherd and (apparently,
from photographs) Předmostí mature crania (N = 15) lack evidence for a foramen; four
Qafzeh-Skhul adults also lack foramina.
However, if the opening is scored in terms of its degree of first its lateral bridging
and then closure of the opening (Dodo et al., 1998), Neandertal immature specimens
show a moderately delayed fusion of the tympanic plate. Lagar Velho 1, with complete lateral bridging but with a still large opening, falls close to Devil’s Tower 1 and at the delayed
closure end of a sample of recent humans. Given the absence or rarity of the persistence
of a foramen of Huschke into maturity among these Late Pleistocene humans, it may well
be that this late persistence of a foramen represents a developmental pattern and not
merely a precursor of the absence of complete fusion of the foramen into adulthood in
these immature individuals.
Finally, the subarcuate fossa is obliterated, forming an adult-sized petromastoid
foramen.

The Squamous Part
There is little of the surface morphology preserved on the Lagar Velho 1 temporal
squamous portions, but it is possible to estimate its height from porion at ca.35 mm and
from the line through the middle of the zygomatic process (Madre-Dupouy, 1992) at ca.29
mm. The length from pterion to the parietal notch is 53.5 mm. The second height versus
the length measure provides an index of ca.54.2. This value is moderately low, being close
to those of Pech-de-l’Azé 1 (46.3) and La Quina 18 (50.5) but well below that of Roc de
Marsal 1 (72.3). However, in a recent human two to five year old sample (Madre-Dupouy,
1992), this index is highly variable (62.5 ± 6.1, N = 20) and not correlated with age within
this age range (r2 = 0.100, P = 0.175). Lagar Velho 1 and two of the three Neandertal children have relatively low values for this index, but Roc de Marsal 1 has an almost equally
divergent high value. Comparable data are unavailable for early modern human juvenile
temporal bones.
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The Zygomatic Process
Only the root of the right zygomatic process on the right side is preserved, and it is
slightly less intact on the left side; the anterior arch piece on the left cannot be connected to
the main portion of the temporal bone. The right one is largely horizontal near the auditory
meatus, but it then begins to turn inferiorly as it passes (going anteriorly) the superior point
of the glenoid fossa. It then turns sharply inferiorly at the level of the articular eminence,
with a distinct downward projection of the articular tubercle (ca.3.5 mm below the middle of
the articular eminence). This is accompanied by a marked inferior sloping of the sulcus into
the temporal fossa. Unfortunately, the process is broken off just anterior of the articular
tubercle, so it is not possible to be certain of its orientation more anteriorly. However, in
most specimens, archaic and modern, the process is essentially horizontal from the articular tubercle to the temporozygomatic suture.
In lateral view, the midline of the zygomatic process root is in line with the superior
portion of the auditory meatus. In this, it is intermediate between the arrangement seen in
the two juvenile Neandertals (Devil’s Tower 2 and Engis 2), in which the zygomatic root midline is in line with the middle of the meatus, and the configuration of Mladeč 3 and Qafzeh
10, in which the root midline is clearly above the meatus; it is similar to the arrangement in
La Quina 18. The younger Pech-de-l’Azé 1 has the zygomatic root midline above the meatus,
suggesting a developmental “descent” of the process in Neandertals but not in early modern
humans. The arrangement in the Předmostí juveniles is unclear, but their zygomatic root
midlines appear from photographs to be near the superior margins of their meatus.
The inferior sloping of the sulcus into the temporal fossa has been noted to be more
vertical in Neandertal adults than among early modern humans (Elyaqtine, 1995), presumably related to the more inferior position of the zygomatic arch relative to the auditory meatus in these archaic humans. The degree of differentiation of this feature in juvenile specimens is unclear. Three juvenile Neandertals (e.g., Devil’s Tower 1, Engis 2 and La Quina 18)
have more vertically oriented sulci than early modern specimens such as Mladeč 3 and
Qafzeh 10, but the younger Pech-de-l’Azé 1 has a more horizontal sulcus similar to recent
human specimens. The downward sloping of the sulcus in Lagar Velho 1 may either represent an intermediate position between these two samples, falling within the range of overlap of these Late Pleistocene samples, or part of the normal variability of immature
Neandertal and early modern human temporal bones.

The Temporomandibular Region
The Lagar Velho 1 glenoid fossa is entirely on the temporal bone, with the temporosphenoid suture located distinctly medial of the medial fossa wall, the common pattern
among Late Pleistocene humans. The fossa itself on both sides is also located principally on
the squamous portion, since the fossa is separated from each anterior tympanic wall by a distinct postglenoid process, and there is a space between a vertical line descending from the
postglenoid process and the anterior wall of the tympanic.
The more complete right glenoid fossa is evenly rounded anteroposteriorly, and it is
moderately deep relative to a line between the articular eminence and the postglenoid
process. The resultant subtense is 4.7 mm; in this measure it is greater than the younger
Pech-de-l’Azé 1 (2.3 mm), larger than the similarly aged Devil’s Tower 1 and Engis 2
Neandertals (3.2 mm and 2.9 mm) and similar to the older Qafzeh 10 early modern human
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(ca.5.0 mm). However, this measurement is influenced by the relative heights of the postglenoid process and the articular eminence, and it is variable among mature specimens (the
latter due in part to degrees of dental attrition) (Hinton, 1979; Trinkaus, 1983).
The articular eminence is evenly rounded and blends smoothly on to the anteroinferior surface of the temporal bone adjacent to the temporosphenoid suture. There is a slight
angulation between the articular eminence and the anterior wall of the glenoid fossa.

The Auditory Meatus and Adjacent Area
The right auditory meatus of Lagar Velho 1 forms a distinct oval oriented anterosuperior to posteroinferior. Its maximum and minimum diameters are 8.6 mm and 5.0 mm. The
left meatus only preserves the lateral margin of the tympanic bone, but it exhibits the same
shape and has diameters of 8.2 mm and 5.1 mm; it is therefore undistorted or minimally so.
Both Neandertal and early modern human meatus vary from subcircular to oval in cross section, in both immature and mature individuals (Trinkaus, 1983). However, when ovoid, the
Neandertal ones have their long axes posterosuperior to anteroinferior (Vallois, 1969;
Trinkaus, 1983), whereas early and recent modern humans with ovoid meatus have them
oriented in the manner seen in Lagar Velho 1. The Neandertal orientation of the oval (when
present) is clearly evident in La Quina 18, whereas the modern human orientation is present
in Mladeč 3, both indicating that these patterns emerge early in development.
The tympanic bone is relatively thin along its anteroinferior lateral margin, but it thickens markedly inferiorly and posteroinferiorly to reach a maximum thickness of 4.0 mm on
the right side and 4.7 mm on the left side. Similar thicknesses are commonly observed on
recent and Late Pleistocene immature tympanic margins (Robinson, 1995).
The suprameatal triangles of Lagar Velho 1 are large, and each one has a distinct pit
located posterosuperior of the meatus. The right one is elongated anterosuperior to posteroinferior, 4.1 mm by 2.2 mm, and exhibits three tiny foramina in the floor of the pit. The
left one is similarly located and oriented, 3.9 mm by 1.8 mm, and has one large foramen
within it. Both of them show small amounts of new bone formation on the lateral bony surface, just to the anteroinferior of the pit.
Directly superior of the meatus there is little swelling of the bone and an absence of a
distinct supramastoid crest.

The Petrous Region
In inferior view, the Lagar Velho 1 tympanic and petrous portions appear to be largely
in line with each other. Following the technique of Chamla (1956) with the angular apex at
the vaginal process, the bone yields a petrotympanic angle of ca.173° (approximate given
minor damage to the medial end of the petrous portion). When compared to adult specimens, this angle would appear to align Lagar Velho 1 clearly with recent modern humans,
whose sample means vary from ca.159° to ca.175° (Chamla, 1956; Robinson, 1995); a mixed
global sample provides a mean of 162.5° ± 4.9° (N = 444) (Robinson, 1995). It would also
place it at the upper end of a small sample of earlier Upper Paleolithic specimens (144° ±
12°, N = 6), whose values lie close to those published (Chamla, 1956; Vallois, 1969;
Robinson, 1995) for Neandertals and other late archaic humans. However, few if any of the
Neandertal specimens for whom values are provided by Vallois (1969) are sufficiently com-
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plete medially to accurately locate the axis from the vaginal process to the medial petrous
process (Trinkaus, pers. observ.). Moreover, the persistence of the foramen of Huschke in
most immature Neandertal specimens makes determination of the lateral (tympanic) axis
difficult. At the same time, the Subalyuk 2 juvenile has a straight alignment of the tympanic and petrous portions (Pap et al., 1996) and a similar pattern is seen in the younger Pechde-l’Azé 1 and the older Teshik-Tash 1 crania. The La Quina 18 temporal bone provides an
angle between 160° and 170°, as does the Mladeč 3 specimen. The older La Ferrassie 3 temporal bone provides an angle most likely between 145° and 155°, more similar to the adult values of Late Pleistocene humans.
It is therefore unclear whether this open petrotympanic angle of Lagar Velho 1 is a feature of recent humans or merely a juvenile configuration characteristic of all of these Late
Pleistocene and recent human groups. The angle apparently distinguishes it from both
Neandertals and early modern humans to the same degree, but it may well be merely a
reflection of the juvenile age of the specimen.
The posterior petrosal surface is bordered superiorly by a sharp petrosal margin, for the
attachment of the tentorium cerebelli. It flares slightly posteriorly over the sigmoid sinus
groove, but mostly it is prominent medially of the sigmoid sinus. The opening of vestibular
aquaduct, on the middle of the posterior petrosal surface, is more vertical than horizontal.
The groove for the sigmoid sinus is well-developed, and the associated jugular fossa is 8.4
mm wide but relatively shallow. The petromastoid foramen is located close to the superior
petrosal margin, but there is no clear subarcuate fossa or depression medial to the arc of the
anterior semicircular canal. There is also no distinct sulcus for the superior petrosal sinus,
although there is a hint of one just lateral of the petromastoid foramen. The arcuate eminence for the anterior semicircular canal is readily apparent, just anterior of the superior petrosal margin. It is a raised linear ridge, ca.6 mm long, flat on top with a rounded peak.
Overall, the arcuate eminence rises ca.4 mm above the petrosal crest. There is a marked pit
anteromedial of the opening for the cochlear aquaduct.
The right stylomastoid foramen is in direct line with the mastoid sulcus (or digastric
groove), and the base of the styloid process is along a continuation of this line (or slightly
medial of directly anterior of the stylomastoid foramen). In this configuration, Lagar Velho
1 is similar to the majority of recent human children of a similar developmental age
(ca.75%); it is in contrast with 100% of juvenile Neandertals (N = 8) and 50% of SkhulQafzeh juveniles (N = 4) who exhibit a process medial of the stylomastoid foramen
(Coqueugniot, 1999).

The Mastoid and Juxtamastoid Region
The entire mastoid region is preserved on the right temporal bone, including the adjacent occipital bone along most of the occipitomastoid suture. On the left side, the bone is
similarly well preserved, although only a small portion of the adjacent occipital bone,
descending from asterion, remains. The mastoid air cells are exposed endocranially on the
left side, due to crushing and complete loss of the associated petrous portion. Except for trivial details of the surface configurations, the two sides are highly symmetrical.
The mastoid processes are rounded and laterally evenly bulbous. Their anterior margins are slightly concave posterior of each auditory meatus, descending from each distinct
suprameatal triangle and the associated pits. In lateral view, the anterior margins then round
convexly and smoothly onto the inferior extents of the processes. Each of them has a sug-
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gestion of a slight concavity along the posteroinferior margin, but primarily they extend in
relatively straight, if slightly convex, lines posterosuperiorly towards their limits near the
occipitomastoid sutures below asterion (actually close to the inferior margins of the sutural
ossicles at each asterion).
On their lateral surfaces, there is a clear but not pronounced marking of each mastoid
line or crest for sternocleidomastoideus extending to the tip of each process. There is no evidence of an anterior mastoid tubercle on either of them. Superiorly and posterosuperiorly
there is a broad and shallow sulcus separating the mastoid process from the supramastoid
area, but there is no evidence of the temporal line or associated swelling (such as an angular torus) above the mastoid region.
On the right posterior mastoid process, there are two round foramina at the vertical
level of the middle of the auditory meatus. On the left posterior mastoid process, there is one
round foramen at the same level as the two right ones. There is an additional left foramen
just posterosuperior of the round one, descending vertically obliquely (similar to diaphyseal
nutrient foramina) down into the mastoid process from near the parietomastoid suture; it
forms a sulcus 2.5 mm wide and 11.3 mm long.
The mastoid processes of Lagar Velho 1 extend inferiorly well below the adjacent auditory meatus, projecting almost twice as far vertically from porion. In this, they exceed the
degree of projection seen in Mladeč 3 and Qafzeh 10 and 11, but they are similar to those of
Předmostí 2 and 22 (that of Předmostí 7 also projects beyond its auditory meatus, but damage precludes knowing the extent of that projection). In Engis 2, the diminutive mastoid
process has its tip at about the level of its inferior meatus, as does that of Subalyuk 2.
However, the mastoid process tip of Devil’s Tower 1 is well below its meatus. Pech-de-l’Azé
1 is highly asymmetrical in this feature, with its right side following the pattern seen in Engis
2 and Subalyuk 2, and its left side having a larger and more projecting mastoid process. La
Quina 18 follows the pattern seen in Devil’s Tower 1, the left side of Pech-de-l’Azé 1, Qafzeh
10 and 11.
However, in its degree of lateral bulbousness, rounding and inferior projection, the
closest parallel to the Lagar Velho 1 mastoid configuration is that seen in the Gravettian
Předmostí 2 and 22 specimens. Indeed, it is often the degree of lateral swelling, outside of
the coronal contours of the parietal bones, rather than height, which distinguishes early
modern human mature mastoid processes from those of the Neandertals. Yet, the degree of
this lateral projection of the mastoid process is also developmentally dependent, since it is
not yet present in the Mladeč 3 temporal bone despite occurring in the older Předmostí specimens.
The vertical height of the mastoid process, from the Frankfurt plane [or perpendicular
to the Frankfurt plane from porion, MDH of Howells (1973)] is ca.18 mm on each side. This
value is large for a four year-old child, whether Late Pleistocene or recent. Juvenile
Neandertal crania provide values of 9 mm and 12 mm for Pech-de-l’Azé 1, 9 mm and 10 mm
for Engis 2, 11.5 mm for Subalyuk 2, 14 mm for Devil’s Tower 1, and 15.5 mm for La Quina
18. Qafzeh 10 and Skhul 1 provide values of 15.5 mm and 13 mm respectively. The younger
Mladeč 3 has a value of 8-10 mm, and the slightly older Upper Paleolithic Kostenki 3 and 4,
Pataud 3, and Sunghir 2 and 3 specimens provide values of 12 mm, 15 mm, ca.12.5 mm, 12.5
mm and 16 mm respectively. It is only the older Teshik-Tash 1 and Qafzeh 11 late juvenile /
early adolescent specimens which have mastoid heights in the vicinity of Lagar Velho 1, since
they both provide heights ca.20 mm. However, the 6-7 year-old Předmostí 2 cranium, on the
basis of the published photograph scaled to neurocranial length (Matiegka, 1934), had a mastoid height between 20 and 25 mm, and the 9-10 year-old Předmostí 22 cranium, similarly
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estimated, had a mastoid height ca.18-20 mm. A sample of recent human children ca.4-5
years of age provides a mean of only 11.6 mm (10.1 - 14.5 mm, N = 7) (Minugh-Purvis, 1988),
similar to the Late Pleistocene specimens and below the Lagar Velho 1 value. The mastoid
height of Lagar Velho 1 is therefore very large for its developmental age, but it appears to have
been within the range of variation of European early Upper Paleolithic children.
Medial to the Lagar Velho 1 mastoid processes are deep and broad mastoid sulci, or
occipital grooves. The right sulcus has a small and short (ca.6 mm long) rounded crest within the sulcus medial of the mastoid process. Medially, the floor of the sulcus rises up onto a
much larger juxtamastoid eminence, which is continuous mediolaterally across the occipitomastoid suture. In the preserved portion, immediately posterior of the mastoid process tip
and rising up towards asterion, the peak of this crest lies on the occipital bone.
Unfortunately, the lateral occipital bone along the suture immediately medial of the mastoid
process tip is lost, so that the degree of development of the process at the level of the mastoid tip is not known; it would have been minimally at the level of the mastoid process tip
and conceivably slightly below it.
On the left side, there is a larger crest within the mastoid sulcus (8.6 mm long), but its
inferior edge has been lost to abrasion. Conservative reconstruction of the missing edge
places the inferior extent of this crest at the level of the mastoid process tip. There is an additional crest, homologous to the larger one on the right side, along the occipitomastoid
suture. In the region of the mastoid process, it is preserved only on the temporal bone.
Providing a contribution similar to the right side of the occipital bone would make its inferior extent on the left similar to that of the left mastoid process.
Consequently, the crests medial to the Lagar Velho 1 mastoid processes are similar in
height relative to the Frankfurt plane to the mastoid processes, or ca.18 mm. This value is
above those of juvenile Neandertal specimens (7 mm, 11 mm, 13.5 mm and 15.5 mm for
Pech-de-l’Azé 1, Engis 2, Subalyuk 2 and Devil’s Tower 1 respectively) and similar to the
value (ca.17 mm) for the slightly older La Quina 18 cranium. It is well above those for the
similarly aged Mladeč 3 (10 mm), Skhul 1 (12.5 mm) and Qafzeh 10 (15 mm) temporal bones
and greater than that of the slightly older Pataud 3 temporal bone (ca.12.5 mm). The late
juvenile Předmostí 22 cranium provides an estimated value of 14-15 mm. It is only with the
much older Teshik-Tash 1 (ca.20 mm) and Qafzeh 11 (23 mm) specimens that the values for
the juxtamastoid height exceed those of Lagar Velho 1. None of the temporal bone of
Malladetes 1 is preserved, but on the occipital bone there is no trace of a juxtamastoid eminence, constrating with the configuration preserved on the right side of the Lagar Velho 1
occipital bone. Lagar Velho 1 therefore has unusually inferiorly projecting juxtamastoid eminences for a child of its developmental age; it is closest to either similarly aged Neandertals
or much older early modern humans.
The mastoid and juxtamastoid region of Lagar Velho 1 therefore presents an unusual
combination of features. The mastoid process of Lagar Velho 1 contrasts with those of the
Neandertal and Qafzeh-Skhul juveniles, plus Mladeč 3, principally in being laterally bulbous, as opposed to following more closely the contours of the posterolateral neurocranium.
Yet, it is relatively larger and more inferiorly projecting than those seen in these Middle
Paleolithic juvenile specimens. It is probably most closely approximated by some of the
Předmostí specimens, with Předmostí 2 and 22 providing similar height measurements (or
approximate ones), and Předmostí 7 and 22 appearing to have had similarly bulbous mastoid processes. At the same time, the juxtamastoid eminence is large and projecting for a
juvenile Late Pleistocene specimen, its height being matched or exceeded only slightly by
older Neandertals or by early modern human specimens at least twice its age.
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Sutures and Sutural Bones
The Lagar Velho 1 neurocranium preserves the right and left coronal sutures except in
the region of bregma, most of the left squamous suture but only fragments of the right one,
the sagittal suture along the middle and posterior parietal bones, most of the left lambdoid
suture on the parietal bone with fragments of it on the occipital bone, small pieces of right
lambdoid suture, and most of the parietomastoid and occipitomastoid sutures on both sides.
As is to be expected in a juvenile, all of them are fully open and only the coronal suture
exhibits tight interlocking of the interdigitations. It is unclear how tightly interlocked were
the two sides of the sagittal or lambdoid sutures at the time of death. The parietomastoid and
occipitomastoid sutures fit closely together.
The coronal suture is unremarkable morphologically; the two sides arc evenly, and there
is a complete absence of sutural bones along the preserved portions. The sagittal suture, however, is gently convex to the right along its posterior half, and it exhibits two and possibly
three sutural bones extending anteriorly from lambda (Fig. 17-1). There was a large one (or
set of smaller ones, ca.18 mm anteroposterior and ca.24.5 mm mediolateral) next to lambda
and within the posteromedial corner of the right parietal bone; it is not preserved and is indicated by the sutures which surround the opening. Anterior of it is a similarly sized one (ca.16
mm anteroposterior and ca.28 mm mediolateral), also principally within the outline of the
right parietal bone. The line of sutures anterior of the more anterior sutural bone suggest that
a third one might have been present within the area of bone which is now missing.
Associated with these posterior sagittal sutural bones are two smaller ones within the
left lambdoid suture just lateral of lambda (Fig. 17-4). The more medial one measures 19
mm anteroposteriorly and 10.5 mm mediolaterally, and its medial side is located 16 mm lateral of lambda. The more lateral one is 19.5 mm anteroposteriorly and 9 mm mediolaterally. In addition, there are two isolated sutural bones; they measure approximately 18 by 16
mm and 18 by 11 mm. On the basis of their open interdigitations, they most likely derive
from the lambdoid suture. It is also probable that there was an additional sutural bone near
the lateral portion of the left lambdoid suture; the free-floating piece of left superior nuchal
plane with the semispinalis capitis fossa has a remnant of suture at its lateral end near its
endocranial sulcus for the transverse sinus. However, anatomically that suture cannot be
positioned sufficiently laterally to meet the lambdoid suture, indicating some form of sutural bone must have filled the space.
The occipitomastoid sutures are unremarkable except for the bilateral presence of
sutural bones at asterion. The right suture is irregularly convex posteriorly, whereas the left
one is evenly convex posteriorly. In each side, there is a subrectangular sutural bone which
fits into a notch in the posterosuperior temporal bone. The right one is 15 mm high and 11.7
mm wide, whereas the left one is 13.8 mm high and 11.6 mm wide. Once in place, their superior and posterior surfaces continue the normal lines of the parietomastoid and occipitomastoid sutures, indicating that they form portions of the temporal bones.
The right parietomastoid suture extends horizontally from the parietal notch of the
temporal bone to asterion, rising slightly in its middle section above the mastoid process.
The left parietomastoid suture is more irregular, but overall it slopes inferiorly as it goes posteriorly to asterion. It has been asserted (Tattersall and Schwartz, 1999) that a horizontal
parietomastoid suture is a distinctive Neandertal trait (see also Alcobé, 1958). However, both
a horizontal and a posteriorly sloping suture are common among recent humans and
Neandertals. Among mature European Neandertals (N = 9) 77.8% have the more horizontal
suture, whereas among immature Neandertals, Devil’s Tower 1, Engis 2, La Ferrassie 3, La
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Quina 18, Subalyuk 2 and Teshik-Tash 1 have the largely horizontal suture and Pech-del’Azé 1 has a sloping one. The two Qafzeh immature specimens exhibit a posteriorly sloping
suture (Qafzeh 10) and a horizontal one (Qafzeh 11). Among early Upper Paleolithic specimens, the majority have a posteriorly sloping suture (88.9%, N = 9), but among juvenile
specimens Mladeč 3 and Předmostí 22 have horizontal sutures whereas Pataud 3 and
Předmostí 6 and 7 have downward sloping ones. The asymmetry of this suture on Lagar
Velho 1 makes it intermediate despite the apparent shift in the distribution of this feature
among the Late Pleistocene reference samples.
The right parietal notch also exhibits a (formerly present, now absent) sutural bone,
indicated by the preserved sutures on the right temporal bone and parietal fragments. It
measured ca.14 mm high and 5 mm wide, and extended into the parietal bone. The left parietal notch is well preserved and has no evidence of a sutural bone.
The posterior neurocranial sutures therefore exhibit a host of sutural bones, minimally two in the sagittal suture, four in the lambdoid suture, two at asterion and one in a parietal notch (Fig. 17-4). Two more may have been present. At the same time, the preserved
middle of the sagittal suture and the lateral coronal sutures exhibit none. Although this
number appears to be elevated, ossicles at lambda are present in Předmostí 5 and 7 and the
latter exhibits sutural ossicles in the middle lambdoid suture and apparently in the left parietal notch. Malladetes 1 exhibits sutural ossicles bilaterally at asterion and in the lambdoid
suture. Sutural ossicles appears to be relatively uncommon among earlier Upper Paleolithic
adults, but some specimens (e.g., Cro-Magnon 3) have an abundance along the lambdoid
suture. Similar lambdoid sutural ossicles are known from Neandertal adults (Trinkaus,
1983, pers. observ.) and were apparently present on Subalyuk 2. In addition, several
Neandertal mature crania (e.g., La Chapelle-aux-Saints 1, La Ferrassie 1 and 2, Guattari 1, and
La Quina 5) exhibit sutural bones at asterion and, less frequently, in the parietal notch. Such
sutural ossicles at lambda, asterion and the parietal notch are listed as normal cranial discrete trait variants by Berry and Berry (1967) and occur in frequencies up to 28%, 19% and
11% respectively in recent human populations. Ossicles within the lambdoid suture commonly occur in frequencies between 50% and 60% in recent human samples. The number
of sutural ossicles in Lagar Velho 1 is therefore high but by no means exceptional.

The Zygomatic Bone
The right zygomatic bone preserves two pieces which do not join, the inferolateral
orbital margin and the frontal process. The former is biconvex anteriorly and biconcave on
its orbital margin. The orbital margin is rounded, similar to that seen in Qafzeh 10 and
(probably, given damage) Engis 2. It contrasts with the sharp margin evident in Pech-del’Azé 1 and La Quina 18.
The frontal process (Fig. 17-11) is notable primarily for its anteroposterior thickness and
the large size of its superior cross section. The lateral surface is broad and minimally convex. There is a single foramen in the inferior middle of the surface. The minimum anteroposterior diameter in its inferior portion is 10.1 mm. Estimation of the maximum thickness
from the orbital margin, given damage to the posterior margin, would provide it with a thickness of ≥10.5 mm. This value is above those of Pech-de-l’Azé 1 (average: 9.3 mm), Roc de
Marsal 1 (average: 8.9 mm), Engis (9.3 mm) and La Quina 18 (9.8 mm), and it is especially
above that of the older Qafzeh 10 (7.8 mm). Le Figuier 1 provides a thickness of 9.2 mm.
This anteroposterior thickness combines with the large cross section near the frontozygo-
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matic suture, an archaic human feature (Smith and Ahern, 1994), in providing Lagar Velho
1 with a rather robust and archaic lateral orbital region.
The orbital margin is evenly anteriorly concave, with an angle between the lateral and
orbital surfaces of ca.60°. The margin is rounded superiorly and becomes sharper inferiorly. The
temporal fossa surface is deeply concave mediolaterally. The temporal crest is abraded superiorly, but the concavity of the inferior portion suggests that it projected clearly posteriorly.
The right zygomatic bone therefore suggests a robust lateral facial skeleton. In addition
to being similar to archaic humans in this region, it contrasts with the impressions provided by the lack of a clear temporal line on the frontal and parietal bones and the lateral supraorbital thickness.

The Lateral Maxilla
A small fragment of the lateral alveolar bone of each maxilla with the buccal sides of the
buccal root sockets for each dm2 is preserved. They are notable for the strong lateral curvature
of the preserved bone at the level of the dm2 root apices, indicating that the middle of the anterior root of the zygomatic arch was at the anteroposterior level of the dm2. Since the anteroposterior position of the anterior zygomatic root is a reflection of the degree of midfacial prognathism in mature Late Pleistocene specimens (Trinkaus, 1983, 1987), this fragment might
provide information regarding the degree of midfacial projection in Lagar Velho 1.
Among Late Pleistocene adults, the midfacially prognathic Neandertals have anterior
zygomatic roots in the region of the M2/M3 interdental septum (Trinkaus, 1987), whereas
early modern humans have them anterior of M2 (Szombathy, 1925; Matiegka, 1934;
McCown and Keith, 1939; Vallois and Billy, 1965; Vandermeersch, 1981; Trinkaus, pers.
observ.). Among juvenile Late Pleistocene specimens, however, there is only a suggestion of
this differentiation. Juvenile Neandertals exhibit anterior zygomatic roots principally in the
region of dm2/M1 (Engis 2, La Quina 18, Roc de Marsal 1 and Subalyuk 2), although the
younger Pech-de-l’Azé 1 has it above the dm2 and Devil’s Tower 1 exhibits it above the M1.
The few preserved juvenile early modern humans exhibit them in either a similar position
(Qafzeh 10 at the dm2/M1) or more anteriorly (Předmostí 2 and 7 and Le Figuier 1 at the
dm2). The three late juvenile / early adolescent specimens (Předmostí 22, Qafzeh 11 and
Teshik-Tash 1) all have their anterior zygomatic roots above the M1. These observations suggest, but are insufficient by themselves to confirm, that reflections of the marked midfacial
prognathism of the Neandertals were beginning to be apparent relatively early in development (contra Tillier, 1983b; but see Franciscus, 1995; Maureille and Bar, 1999; Krovitz,
2000; Ponce de León and Zollikofer, 2001). The Lagar Velho 1 position approximately above
the dm2 is therefore within the range of variation of all of these samples, even though it
makes a better match for the slightly more anterior position of the anterior zygomatic root
seen especially in the two Předmostí juvenile specimens.

Summary
The neurocranial remains of Lagar Velho 1, although incomplete, provide morphological data on several aspects of facial morphology and especially of neurocranial morphology.
What emerges from this is a complex mix of features, particularly in the context of earlier
Upper Paleolithic European human evolution. A couple of aspects of the cranium are clear-
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ly derived features of early modern humans; these features include the parietal sagittal curvature, relative neurocranial breadth, the supraorbital shape, the shape and orientation of
the external auditory meatus, and the lateral bulbousness of the mastoid process. In addition, the position of the anterior zygomatic root on the maxilla is closer to the early modern
pattern than to the Neandertal one. At the same time, the configuration of the semispinalis
capitis fossae, the prominence of the juxtamastoid eminence and the robusticity of the zygomatic bone align it with the Neandertals, whereas the incipient suprainiac fossa, the degree
of supraorbital robusticity, the meningeal sulcus pattern, the vertical position of the posterior zygomatic root, and possibly the delayed fusion of the foramen of Huschke all place it
closer to the Neandertals. This cranial mosaic is further elaborated by the patterns evident
in the internal temporal morphology and the midfacial skeleton (Chapters 18 to 21).
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| The Bony Labyrinth

❚ FRED SPOOR ❚ FRANCISCO ESTEVES ❚ FLORBELA TECELÃO SILVA ❚ ROSA PACHECO DIAS ❚

Introduction
The Lagar Velho 1 cranial remains include the well-preserved petrous portion of the
right temporal bone. Located inside is the bony labyrinth, which houses the sense organs for
the perception of sound in the cochlea, and of movement and spatial orientation in the
vestibule and semicircular canals. Comparative studies of extant and extinct primates have
shown that the bony labyrinth tends to show a consistent, species-specific morphology,
which has a potential in assessing the phylogenetic affinities of fossil specimens (Spoor et
al., 1994; Hublin et al., 1996; Spoor and Zonneveld, 1998). Of particular interest here,
Hublin et al. (1996) and Spoor et al. (n.d.) identified a number of morphological characters
of the labyrinth that distinguish Neandertals from both modern humans and Homo erectus.
Hence, studying the labyrinth of Lagar Velho 1 may help establish whether this specimen
represents a morphological mosaic between modern humans and Neandertals. In this context it is useful that the bony labyrinth reaches adult size and shape long before birth, so that
Lagar Velho 1 can be compared directly with adult specimens. Moreover, the labyrinth may
constitute a better representation of the genotypic make-up of the individual than do most
other skeletal parts, because postnatal influences on the morphology by environmental or
behavioral factors are minimal or absent.
Hublin et al. (1996) observed that, on average, the Neandertal labyrinth has anterior
and posterior semicircular canals with smaller arc sizes than are seen in modern humans,
whereas the lateral canal is larger-arced. Furthermore, it is characterized by a markedly inferiorly positioned posterior semicircular canal relative to the plane of the lateral canal (Figure
18-1c). In extant and extinct hominoids, the position and size of the posterior canal appear
to be correlated interspecifically: the larger the canal the more inferiorly it is positioned.
Neandertals, on the other hand, do not follow this trend, and they show an inferiorly positioned but relatively small posterior canal. Subsequently, these findings have been confirmed for a larger Neandertal sample (Spoor et al., n.d.), with the observation that there is
some degree of morphological overlap with modern humans that was not shown by Hublin
et al. (1996)’s initial sample (see also Thompson and Illerhaus, 1998; Ponce de León and
Zollikofer, 1999).
The problem with attempts to assess hybrid morphology in the case at hand is that statistical testing will only provide a definitive result in a few situations. In practice, four outcomes can be envisaged, given that there is a degree of overlap between modern human and
Neandertal labyrinthine morphology:
1. The Lagar Velho 1 labyrinth is distinctively modern human-like and does not fall in
the zone broadly between modern human and Neandertal means.
2. It is distinctively Neandertal-like and statistically significantly different from modern
humans.
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3. It is broadly between modern human and Neandertal means, anywhere within modern variation and tending towards the Neandertal pattern, including the actual overlap zone.
4. It is significantly different from, and not morphologically between, modern human
and Neandertal morphologies.
Only outcome 2 will support the concept of the specimen being a hybrid. Outcome 3
may intuitively be perceived as the likely hybrid morphology, but if the null hypothesis that
Lagar Velho 1 is a modern human is not rejected it should not necessarily be seen as supporting hybrid status. A complication is that modern human variation of the bony labyrinth
is only known adequately for Holocene populations. Although Lagar Velho 1 can be compared with a small Upper Paleolithic sample, it is unlikely that this will result in statistically meaningful conclusions.

Materials And Methods
The Lager Velho 1 bony labyrinth is compared with a sample described in detail in
Spoor et al. (n.d.). It consists of 54 Holocene human crania, 15 Neandertals (Dederiyeh 1,
Forbes’ Quarry 1, Devil’s Tower 1, La Chapelle-aux-Saints, La Ferrassie 1, 2 and 3, Le
Moustier 1, La Quina 5 and 27, Pech-de-l’Azé 1, Petit-Puymoyen 5, Spy 1 and 2, and Tabun
1) and four Upper Paleolithic specimens (Cro-Magnon 1, Abri Pataud 1 and 3, and Laugerie
Basse 1). The Holocene human specimens are geographically diverse, and their regions of
origin and collection numbers are listed in Appendix 5.1 of Spoor (1993).
The labyrinths were qualitatively and quantitatively analyzed on the basis of cross-sectional images obtained with computed tomography (CT), following the procedures described
in Spoor and Zonneveld (1995). The CT scans of the right Lagar Velho 1 temporal bone were
made with a Picker PQ 5000 scanner (Curry Cabral Hospital, Lisbon), using an exposure of
68 mAs at 120 kVp tube voltage. They were made in the sagittal plane, and in a transverse
plane parallel with the arc of the lateral semicircular canal, with a slice thickness of 1 mm
and a slice increment of 0.5 mm. The images were reconstructed with a field of view of 50
x 50 mm (matrix 512 x 512), resulting in a pixel size of 0.1 mm. CT scanning parameters of
the comparative sample are similar (Spoor and Zonneveld, 1998; Spoor et al., n.d.), except
for the images of the Le Moustier 1 specimen, which were kindly provided by B. Illerhaus
and J. Thompson and have an isotropic voxel size of 0.1 mm (Thompson and Illerhaus,
1998). Three-dimensional reconstructions of the labyrinths in Figure 18-1 were made with
Voxel-man, University of Hamburg (Höhne et al., 1995).
Measurements were taken from the CT scans to the nearest tenth of a millimeter, following the method and definitions described in Spoor and Zonneveld (1995). The radius of
curvature (R) of each semicircular canal arc was calculated by taking half the average of the
height and width measurements (Fig 18-1a; Spoor and Zonneveld, 1995: ASCh, ASCw,
PSCh, PSCw, LSCh, LSCw). These absolute radii of curvature were used to calculate relative
radii by taking the radius of each canal as a percentage of the sum of all three. Furthermore,
two measurements (Fig 18-1a: SLIs, SLIi) were taken to calculate the sagittal labyrinthine
index (SLI), which expresses the percentage of the posterior semicircular canal that is located inferiorly to the plane of the lateral semicircular canal (SLIi / [SLIs+SLIi] x 100).
Differences between Lagar Velho 1 and the means of the three human groups were
compared using ANOVA and pair-wise t-tests, using a Bonferroni adjustment for multiplic-
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ity based on the number of comparisons made for each sample rather than on the total number of comparisons (i.e. significance level divided by 3 instead of 6; see Milne and
O’Higgins, 2002). In a multivariate analysis the squared Mahalanobis distances (D2)
between the three groups of humans and Lagar Velho 1 were calculated based on the seven
variables ASCh, ASCw, LSCh, LSCw, PSCh, SLIs and SLIi. The width of the posterior canal
(PSCw) was not included, as this measurement is similar to the sum of the measurements
SLIs and SLIi. Hotelling and Steerneman tests (Van Vark, 1984) were used to assess the statistical significance of the D2 values and of differences between two D2 values, respectively.

Description And Comparisons
The bony labyrinth of the Lagar Velho specimen is well preserved and completely airfilled. Figure 18-1b shows a lateral view that was reconstructed from the sagittal series of CT
scans, together with similar views of the Forbes’ Quarry 1 Neandertal and a representative
modern human labyrinth.

– Lateral views of the right bony labyrinths of a) a representative Holocene human, b) Lagar Velho 1, and c) Forbes’
Quarry 1, a specimen that expresses the Neandertal features particularly well. The radius of curvature of the anterior
semicircular canal (ASC-R) is indicated, together with the measurements of the sagittal labyrinthine index (SLIs, SLIi; see
Spoor and Zonneveld, 1995 for details). The labyrinths are aligned according to the planar orientation and the level of their
lateral semicircular canals (long line). Scale bar on the top right is 5 mm.
FIG. 18-1

The radii of curvature of the semicircular canals are listed in Table 18-1. As observed
previously (Hublin et al., 1996; Spoor et al., n.d.), Holocene humans have absolutely and relatively larger anterior and posterior canals and a smaller lateral canal than Neandertals. The
larger canals of Holocene humans are particularly striking if it is considered that body mass,
which is positively correlated with canal size, is lower in Holocene humans than it likely was
in Neandertals (Spoor, n.d.). Like Holocene humans, the Upper Paleolithic humans have a
relatively smaller lateral canal, and Lagar Velho 1 has a relatively larger anterior canal than
the Neandertals, but other differences are not statistically significant. The one typical feature
of the Lager Velho 1 labyrinth is that the posterior canal is small, both in absolute size, and
relative to the anterior canal (Table 18-1; Figure 18-1). Nevertheless, the absolute size is not
significantly different from any of the three comparative samples, and even though modern
humans and Neandertals tend to have more similarly-sized anterior and posterior canals
than Lagar Velho 1, unequal sizes do occur in both as well. Among Upper Paleolithic
humans this morphology is shown by Abri Pataud 1 and to a lesser extend Abri Pataud 3
(Spoor et al., n.d.).
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Table 18-1
The radii of curvature (R) of the anterior (ASC), posterior (PSC) and lateral (LSC)
semicircular canals given in millimeters, their relative size in per cent (%R: sum of
the three radii is 100%), and the sagittal labyrinthine index (SLI) in per cent.

ANOVA

ASC
R

PSC
R

LSC
R

ASC
%R

PSC
%R

LSC
%R

SLI

*

**

***

***

***

***

***

Holocene (54)

mean
min
max
SD

3.22
2.6
4.0
0.25

3.15
2.3
3.9
0.30

2.26
1.9
2.8
0.21

37.3
34
41
1.3

36.5
32
40
1.8

26.2
23
31
1.9

51.0
34
69
7.0

Upper Paleolithic (4)

mean
min
max
SD

3.27
3.1
3.4
0.13

3.05
2.8
3.3
0.23

2.51
2.4
2.7
0.12

37.1
36
39
1.1

34.5
33
36
1.2

28.4
27
29
1.0

41.6
33
54
8.9

Neandertals (15)

mean
min
max

3.02
2.6
3.4

2.88
2.5
3.4

2.61
2.3
2.9

35.5
34
39

33.8
30
36

30.7
28
32

64.7
53
76

SD

0.22

0.25

0.16

1.3

1.4

1.1

6.1

3.0

2.5

2.2

39

32

28

55

H–N
U–N
U–H

*
–
–

**
–
–

***
–
–

***
–
–

***
–
–

***
**
–

***
***
*

L–H
L–U
L–N

–
–
–

–
–
–

–
–
–

–
–
*

–
–
–

–
–
–

–
–
–

Lagar Velho 1

The statistical significance is given for pair-wise comparisons of Holocene modern humans (H), Upper Paleolithic
modern humans (U), Neandertals (N) and Lagar Velho 1 (L). For each sample the level of significance is adjusted for
multiplicity (-, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001; levels for individual comparisons 0.05/3, 0.01/3
and 0.001/3 respectively) .

The SLI values, listed in Table 18-1, show that Neandertals have a posterior canal that is
more inferiorly-positioned relative to the plane of the lateral canal than in the Holocene and
Upper Paleolithic human samples (Hublin et al., 1996; Spoor et al., n.d.). The value
obtained for the Lagar Velho 1 labyrinth is closest to the Holocene human mean, but it is not
significantly different from any of the three human groups.
Table 18-2 lists the squared Mahalanobis distances (D2) between Lagar Velho 1 and the
three groups of the comparative sample. D2 values based on two principal components highlight the difference of the Neandertal labyrinth from that of Holocene and Upper Paleolithic
humans. D2 values involving Lagar Velho 1 are statistically not significant. The only other D2
values that discriminate between the groups are those based on all (seven) principal components. The D2 values between Lagar Velho 1 and both the Holocene and Upper Paleolithic
sample are again not significant. In contrast, the value between Lagar Velho 1 and
Neandertals is significant, and close to the distance between Upper Paleolithic humans and
Neandertals. Indeed, the distance comparisons indicate that the Upper Paleolithic sample is
significantly closer to Lagar Velho 1 than to the Neandertals.
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Table 18-2
Squared Mahalanobis distances (D2) between Holocene modern humans (H),
Upper Paleolithic modern humans (U), Neandertals (N) and Lagar Velho 1 (L),
based on two and seven principal components.
Two principal components

Seven principal components

U

0.1

U

L

3.6

3.9

N

7.9***

7.4*

3.4

H

U

L

H-U < H-N ***
H-U < U-N *

8.2***

L

10.4

10.2

N

12.3***

22.5***

19.9**

H

U

L

U-H < U-N **
U-L < U-N *

Statistical significance of the D2 values is given, as well as those differences between D2 values that are statistically
significant. *, P < 0.05; **, P < 0.01; ***, P < 0.001 (all other combinations are not significant).

Discussion And Conclusions
The bony labyrinth of Holocene and Upper Paleolithic modern humans differs from
that of Neandertals, but individual distinguishing features show a degree of overlap. Lagar
Velho 1 shares with Holocene modern humans a larger relative anterior canal size than
Neandertals, but for the other features the specimen is not significantly different from the
three groups with which it is compared. In the multivariate statistical analyses no morphological distance calculated between Lagar Velho 1 and either Holocene or Upper Paleolithic
humans is significant. In contrast, Lager Velho 1 does differ from the Neandertal labyrinth,
to approximately the same extent, as does the Upper Paleolithic labyrinth. Despite this clear
pattern of affinities, tests assessing whether Lagar Velho 1 groups more closely with modern
humans than with Neandertals do not reach statistical significance. The univariate comparisons suggest that this is because individual features of Lagar Velho 1’s labyrinthine morphology largely fall in the area of overlap between the two groups, whereas the small fossil
sample sizes restrict discriminative power of the statistical tests.
In conclusion, the labyrinth of Lagar Velho 1 can be comfortably accommodated within the range of modern human variation. Although individual features tend to fall within the
range of overlap with Neandertal variation, the entire morphological complex can best be
characterized as modern human-like. This outcome of the analyses corresponds to option 3
described in the introduction. Hence, considered in isolation the evidence from the
labyrinth is inconclusive with respect to the question whether Lagar Velho 1 is entirely modern human, or, as a possible hybrid, shares some genetic and morphological affinities with
Neandertals.
A limiting factor in this study is that it is entirely unknown how hybridization between
any two mammalian species impacts the morphology of the inner ear area. Moreover, the
number of Upper Paleolithic modern human specimens included here is particularly small,
whereas it is this group, rather than Holocene humans, to which Lagar Velho 1 should be
compared (Chapter 16). Hence, an increased Upper Paleolithic sample could reveal subtle
differences from Holocene humans, and such data would facilitate a more informative
analysis of the Lagar Velho 1 bony labyrinth.
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Addendum
Spoor et al. (n.d.) describe four additional features that distinguish the Neandertal
labyrinth from that of Holocene humans. These are an anterior semicircular canal arc narrow in width compared to its height, and showing more torsion, a posterior canal less high
relative to its width, and a more inclined (i.e. upright) ampullar line connecting the anterior
and posterior ampullae. The Lagar Velho 1 labyrinth has shape indices (height over width)
of 92 and 111 for the anterior and posterior canal, respectively, the torsion of its anterior
canal is 20°, and the angle of the ampullar line relative to the plane of the lateral canal is 35°.
These values are not significantly different from either the Holocene human or Neandertal
sample means reported in Spoor et al. (n.d.). Hence, these additional data do not alter the
conclusions regarding the phylogenetic affinities of the Lagar Velho 1 specimen.
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chapter 19

| The Auditory Ossicles

❚ FRED SPOOR ❚

The right malleus, incus and stapes of Lagar Velho 1 were found in the tympanic cavity of the right temporal bone. Sieving of sediments produced the left malleus. Both mallei
are fully intact without any evidence of pathology or postmortem damage (Figures 19-1a, b,
c, d). Some encrustations remain on the left malleus, but these do not obscure the morphology. The right incus is complete, with the exception of the long process that lacks the
lentiform process and an unspecified section of its distal end (Figure 19-1e, f). The right
stapes is complete and remains inside the right temporal bone in its natural position in the
oval window, most likely kept in place by calcite deposits. The stapes could therefore not be
investigated in any detail.
Morphometric comparisons of the Lagar Velho 1 mallei and incus could be made with
a large sample of Holocene human specimens (Heron, 1923; Arensburg et al., 1981), with
the Gravettian specimens Dolní Věstonice 14 and 15 (Lisoněk, 1992), the early modern
human specimens Qafzeh 4a and 11 (Arensburg and Nathan, 1972; Arensburg and Tillier
1983), and the Neandertals La Ferrassie 3 (Heim, 1982b) and Le Moustier 1 (Ponce de León
and Zollikofer, 1999). Comparisons between adult and immature specimens can be made
directly because the ossicles attain their adult size and shape well before birth (Anson and
Donaldson, 1981). The measurements discussed below follow Arensburg et al. (1981).
It should be noted that the total width
of the incus is taken as the maximum
a
c
distance between the tip of the short
process to the superior border of the
e
articular facet for the malleus, as
shown in Figure 1 of Arensburg et al.
(1981), and not to the inferior border
as is mentioned on page 203 of that
study (B. Arensburg, pers. comm.).
The linear dimensions of the Lagar
Velho 1 specimens were taken with
b
d
digital calipers under a binocular
f
microscope, and the angles were taken
from digital photographs (Figure 19-1)
using Osiris 4.0 (University of Geneva). Measurements of the La Ferrassie 3 ossicles combine values
reported by Heim (1982b) and ones
taken from a scaled photograph in that
study (Heim, 1982b: Figure 24). It
should be noted that the reported FIG. 19-1 – The Lagar Velho ossicles. Left malleus, a) posterior aspect, b)
malleus length of 8.3 mm differs sig- anterior aspect; right malleus, c) posterior aspect, d) anterior aspect;
nificantly from a value of 9.0 mm indi- right incus e) medial aspect, f) lateral aspect. Scale bar is 5.0 mm.
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cated by the photograph. When this study was made the La Ferrassie 3 ossicles were not
available for inspection (E. Trinkaus, pers. comm.), and the latter value is used here because
all other measurements given by Heim (1982b) confirm that the scale bar of the photograph
is accurate. All comparative measurements are given in Tables 19-1 and 19-2.

The Mallei
The left and right Lager Velho 1 mallei are very similar, and the measurements taken do
not differ more than 0.1 mm and one degree. The overall size of the Lager Velho 1 mallei, as
expressed by the total length, is close to the mean of the Holocene human sample, as is the
length of the Dolní Věstonice 14 specimen. The Neandertal La Ferrassie 3 malleus, on the other
hand, is large, and just outside the range reported for Holocene humans. The width of the head
of the Lager Velho 1 mallei is less than the Holocene human mean, but well within the reported range. The Dolní Věstonice and Qafzeh specimens are similar to the Holocene human
mean, and the La Ferrassie 3 specimen has a slightly wider head. The manubrium lengths of
all fossil specimens are well within the Holocene human range, with Lagar Velho 1 just below,
and La Ferrassie 3 just above, the Holocene human mean. Relative to the total malleus length,
the manubria of both Lagar Velho 1 and La Ferrassie 3 are shorter than the Holocene human
mean, but well within that range of variation. All fossil mallei, including the Lagar Velho 1 specimens, show an angle between the manubrium and the head-neck that is more extended than
the mean value in Holocene humans, but all are within the range of variation. This angle
affects the measurement of the overall malleus length, and thus the relative manubrium length
as well, but in practice this effect is marginal. Reducing the Lagar Velho 1 angles by 10 degrees
to match the Holocene human mean, while keeping the manubrium and head-neck lengths
similar, results in a reduction in overall malleus length of less than 0.1 mm.

Table 19-1
Comparative measurements of the malleus in millimeters and degrees, as defined
in Arensburg et al. (1981). Sources of data indicated in the text.

Lagar Velho 1
(right, left)
La Ferrassie 3
Qafzeh 11
Dolní Věstonice 14
Recent humans
mean
range (N)

total length

head width

manubrium
length

manubrium/total
length x 100

angle

8.0, 7.9

2.2, 2.3

4.3, 4.2

54, 53

149, 148

9.0

2.7

4.8

53

150

>7.3*

2.5

>3.5*

>48*

155

7.9

2.5

4.6

58

–

8.00

2.47

4.67

57.2

139.3

7.0-8.9 (105)

2.1-3.1 (107)

3.6-5.8 (104)

50-71 (56)

122-157 (102)

* distal end of manubrium eroded

The Incus
The long process of the Lager Velho 1 incus lacks the lentiform process that articulates with the stapes. Its distal end has a slightly roughened but regular bone surface, with
a shallow pit in the center of the tip. This morphology clearly contrasts with postmortem
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breakage, as is demonstrated by the marked difference from a small area on the posterior side of the tip where a chip of surface bone is missing. The surface texture of the tip
suggests a bone-cartilage interface or strong bone resorption. However, neither is expected given that the ossification of the incus is normally completed prenatally, and that
resorption occurs with advancing age and follows a different pattern than strictly at the tip
(Lanningan et al., 1995). Further study is needed to assess whether this morphology represents abnormal development, pathological erosion or any other process. The incus
does not show the notch that is present in the inferior surface of the short process of
Qafzeh 4a and 11 and Le Moustier 1 and is regularly seen in modern human specimens
(Arensburg and Nathan, 1972; Arensburg and Tillier, 1983; Ponce de León and Zollikofer,
1999).

Table 19-2
Comparative measurements of the incus in millimeters and degrees, as defined in
Arensburg et al. (1981). Sources of data indicated in the text.
length
(long process)

width
(short process)

width/length
x 100

angle

incus/malleus
length x 100

Lagar Velho 1
(right)

>5.8**

4.8

<83**

90

>73**

La Ferrassie 3

7.2

5.1

71

53

80

Le Moustier 1

6.8

4.9

72

63

–

Qafzeh 4a

6.4

4.8

75

87

–

Qafzeh 11

6.8

5.1

75

94

<93*

Dolní Věstonice 14

7.1

5.5

77

108

90

Dolní Věstonice 15

6.4

4.1

64

115

–

6.49

5.18

79.9

94.4

82.4

6.0-7.1 (50)

4.2-5.8 (99)

71-86 (44)

68-122 (99)

75-93 (32)

Recent humans
mean
range (N)

* distal end of manubrium eroded
** distal end long process missing

The preserved length of the Lagar Velho 1 incus falls just below the Holocene human
range, suggesting that it would have been within the range when compensating for the missing distal part of the long process. However, it is impossible to determine how much is missing. The Dolní Věstonice 14 incus and both Neandertal incudes are long, falling at or just
above the Holocene human range. The incus width, i.e. length of the short process, of the
fossil specimens are within the Holocene human range, with the exception of Dolní Věstonice 15 which has a particularly small width. The Lagar Velho 1 incus is just below the
Holocene mean. The incus width-to-length indices of both the Neandertal specimens and
Dolní Věstonice 15 stand out, the former because of their great length, the latter because of
its small width (i.e. short short process). As preserved, the proportions of the Lager Velho 1
incus are within the Holocene human range. About 1 mm would have to be added to the
long process tip to obtain a width-to-length index similar to that of the Neandertals. In the
Lager Velho 1 and Qafzeh incudes the angle between the long and short processes, measured between their inferior margins, is close to the Holocene human mean. The Dolní
Věstonice specimens show wider angles, i.e. their processes are more spread, but the values
are well within the Holocene human range. The two Neandertal incudes stand out by having a particularly narrow angle that is well outside the Holocene human range. Comparing
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the length of the incus to that of the malleus, the index value for Lagar Velho 1 is low, but
compensating for the missing long process tip would likely bring it within the Holocene
human range. La Ferrassie 3 is close to the Holocene human mean because both the malleus
and incus are long.

Conclusions
Based on this initial analysis, the Lagar Velho 1 mallei and incus cannot be distinguished from modern human ossicles, either quantitatively or qualitatively. Neandertals
may be distinguished from modern humans by differences in size and shape of the malleus
and incus (Heim, 1982b; Ponce de León and Zollikofer, 1999), although a larger sample
than the two Neandertal specimens would be required to come to definitive conclusions. Of
the potentially distinguishing characters, the Lagar Velho 1 specimens do not show the large
malleus size and the narrow incus angle of Neandertals, whereas the length and relative
width of the incus cannot be assessed.
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chapter 20

| The Midfacial Morphology

❚ ROBERT G. FRANCISCUS ❚

The midface of Lagar Velho 1 preserves portions of both the left and right maxillae and
most of the left nasal bone. There are no direct contact points between the two maxillae.
There is, however, clear contact between the left nasal bone and left maxilla. Midline positioning of the left maxilla using the complete medial aspect of the adjoined left nasal bone
allows several midfacial breadth measures to be reliably reconstituted. Additionally, bilateral features of the piriform aperture and inferolateral orbital margins allow the superoinferior alignment of the two maxillae, and thus, observations and measurements of vertical
dimensions to be taken. In combination, these alignments allow a reasonable reconstruction
of major aspects of the midfacial skeleton in Lagar Velho 1. Conjoining surfaces of the left
nasal bone and the left maxilla were documented and described prior to rejoining the two
elements. There is no evidence for pathological or traumatic alteration to any of the midfacial bones. Comparative specimen and sample composition details for this chapter are provided in Table 20-1.

Table 20-1
Comparative sample for assessment of the Lagar Velho 1 midfacial skeleton.
Sample

Specimen

Age (yrs)

Developmental
age source

Principal source of
nasofacial data

ATD6-69
Krapina 45.1
Krapina 47

10.0 - 11.5
6.0 -7.0
9.0 - 10.0

(1)
(2)
(2)

(12)
(13)
(13)

European
Neandertals

Pech-de-l’Azé 1
Roc de Marsal 1
Subalyuk 2
Devil’s Tower 1
Engis 2
La Quina 18

2.0 -2.5
2.5 - 4.0
3.0
5.0
5.0 - 6.0
6.0 - 7.0

(3)
(4)
(3)
(3)
(3)
(3)

(14,15)
(13)
(13)
(14,16)
(13)
(13)

West Asian
Neandertals

Amud 7
Dederiyeh 1
Teshik-Tash 1
Tabun B1

0.75
2.0
8.0 - 10.0
11.0 - 12.0

(5)
(6)
(3)
(7)

(13)
(6)
(13) (cast)
(13)

Qafzeh-Skhul

Skhul 1
Qafzeh 4
Qafzeh 10
Qafzeh 11

4.5
6.0 - 8.0
6.0
12.0 - 13.0

(7)
(8)
(8)
(8)

(7)
(13)
(8)
(13)

North Africa

Tangiers 1

9.0

(7)

(13)

European
Earlier Upper
Paleolithic

Mladeč 3
Kostenki 3
Prědmostí 22
Kostenki 4
Sunghir 3
Sunghir 2
Prědmostí 7

2.0 - 5.0
6.0 - 7.0
9.0 - 10.0
10.0
10.0 - 11.0
11.0 - 12.0
12.0

(7)
(7)
(7)
(7)
(7)
(7)
(7)

(7)
(7)
(17)
(7)
(7)
(7)
(17)

European
Middle Pleistocene
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Table 20-1 [cont.]
Sample

European
Late Upper
Paleolithic

Recent
Humans

Specimen

Age (yrs)

Developmental
age source

Principal source of
nasofacial data

Le Figuier 1
Mas d’Azil
Pataud 3
Montgaudier 3
Farincourt 3
St. Germain La Rivière 7
Laugerie-Basse
Rochereil 3
Arene Candide 6

5.0
6.0 - 12.0
5.5 - 6.5
8.0 - 12.0
<12.0
3.0 - 6.0
<11.0
<6.0
2.5 - 4.0

(7)
(9)
(7)
(10)
(9)
(9)
(9)
(9)
(9)

(13)
(13)
(13)
(13)
(13)
(13)
(13)
(13)
(13)

Europe: n=20
Europe: n=3-4
Europe: n=39-41
Europe: n=2
Africa: n=1

3.0 - 5.0
3.0 - 10.0
5.0 - 10.0
3.0
3.0

(4)
(8)
(8)
(9)
(11)

(4)
(8)
(8)
(9)
(9)

References: 1. Bermúdez de Castro et al. (1997) • 2. Radovčić et al. (1988) • 3. Tillier (1988) • 4. Madre-Dupouy (1992) •
5. Rak et al. (1994) • 6. Dodo et al. (1998) • 7. Minugh-Purvis (1988) • 8. Tillier (1999) • 9. Franciscus (current study) •
10. Gambier (1986b) • 11. A. Schultz collection, Zurich • 12. Arsuaga et al. (1999) • 13. Franciscus (1995) • 14. Franciscus
(n.d.) • 15. Ferembach et al. (1970) • 16. Maureille and Bar (1999)• 17. Matiegka (1934)

Maxillae
Left Maxilla - Anterior View (Fig. 20-1)
The left maxilla retains all of the frontal process including the maxillofrontal and nasomaxillary sutures, the inferomedial orbital margin, and a small portion of the medial infraorbital region. The inferomedial orbital margin is complete from dacryon to a point medial
of zygoorbitale that is 18.3 mm in linear length and ca.20 mm in arc length. There is a single foramen located inferiorly on the frontal process equidistant between the orbital and
nasomaxillary margins.
The lateral margin of the piriform
aperture is well preserved, very sharp, and
complete for 9.0 mm inferior to the most
inferior nasomaxillary suture point. The
area of the junction of the inferior nasomaxillary suture point with the superior
most point of the lateral piriform aperture
margin is uniform and lacks the inner
crest/outer margin discontinuity that is
frequently present at this point in Homo
on both fossil and recent adults and
subadults1 (Table 20-2). By aligning both
left and right maxillae using the inferior
conchal crests as reference points, it is
clear that the left lateral piriform aperture
margin is complete almost to its full
extent, although the inferolateral corner FIG. 20-1 – Left maxilla with left nasal bone, and right maxilla in
anterior view in approximate anatomical position.
and inferior narial margin are missing.

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

298

A small portion of the medial infraorbital region is present, complete to the most
medial aspect of the infraorbital foramen (see lateral view below); it measures 14.3 mm
mediolaterally (from the most inferior extent of the nasomaxillary suture point) at its
widest extent. There is a moderate degree of anterior eversion of the frontal process, the lateral piriform aperture and nasomaxillary suture area. This mild eversion results from an
even curvature of the inferomedial orbital border to the medial edge of the frontal process
rather than a sharply angled configuration. Lagar Velho 1 does not exhibit the pronounced
frontal process eversion (sagittal alignment) found in similarly aged Neandertals such as
Roc de Marsal 1, Subalyuk 2 and Engis 2, or the slightly older La Quina 18 child; however,
it is not as paracoronally oriented (i.e., non-everted) as in Qafzeh 102. The deepest point of
this mildly everted region also lacks the distinct furrow (or in some cases an elevated rugosity) that sometimes runs parallel to the frontal process lateral to the margin in both fossil
and recent human subadults and adults. The entire region is smooth and featureless in
Lagar Velho 1.

Table 20-2
Piriform aperture discrete trait configuration1
age (yrs)

Lagar Velho 1

Narial
Margin

Nasal Floor
(stage)

4.5 - 5.0

absent

absent

7

sloped/bilevel?

ATD6-69

10.0 - 11.5

–

present?

3

level (1)

Krapina 45.1

5.0 - 6.0

–

–

3

–

Krapina 47

9.0 - 10.0

–

–

3

sloped (2)

0.75

–

–

1

–

2.5 - 4.0

present

present

5

bilevel (3)

Amud 7
Roc de Marsal 1
Subalyuk 2

3.0

present

present

5

bilevel (3)

Engis 2

5.0 - 6.0

present

present

5

bilevel (3)

La Quina 18

6.0 - 7.0

present/mild

–

5

bilevel (3)?

Teshik-Tash 1

8.0 - 10.0

present

–

1

–

Tabun B1

11.0 - 12.0

–

–

5

bilevel (3)

Qafzeh 4

6.0 - 8.0

–

–

4

bilevel (3)

Qafzeh 11

12.0 - 13.0

–

–

4

level (1)

Tangiers 1

9.0

–

–

3,72

sloped (2)

Arene Candide 6

2.5 - 4.0

present/mild

present/mild

3,72

bilevel (3)

St. Germain La Rivière 7

3.0 - 6.0

–

–

7

–

5.0

–

–

7

–

Le Figuier 1
Pataud 3

5.5 - 6.5

–

–

7

–

Rochereil 3

<6.0

–

–

7

bilevel (3)

Mas d’Azil

6.0 - 12.0

–

–

1,72

bilevel (3)

Montgaudier 3

8.0 - 12.0

–

present/mild

–

level (1)

2

Laugerie Basse

<11.0

–

–

4

level (1)

Farincourt 3

<12.0

–

–

7

sloped (2)

Notes
1. see text and footnote 1 for explanation of traits
2. crests ill-defined
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Left Maxilla - Lateral View (Fig. 20-2)
In lateral view, the area anterior to the
maxillary sinus is broken along a sagittal
section through the inferomedial infraorbital area. From this view, the superior portion of the sagittal cross section (the area
directly inferior to the infraorbital rim) is
thick and rounded. Directly inferior to the
thick, rounded section, there is a much thinner outer table to the maxillary sinus, whose
edge is curved in a mediolateral (coronal)
plane, evident from an anterior view. This
indicates that at least the most medial aspect
of the infraorbital foramen surface (from an
anterior view) is present; however, the infraorbital canal is not present. Therefore, the
bulk of the infraorbital surface area where
the canine fossa would occur, if present, is
not preserved. Infraorbital plate orientation
is best evaluated in the area inferior to the
entire infraorbital foramen and the area
slightly lateral to this point along the zygomaxillary suture. Nonetheless, some general
characterization is possible. Even though
there is slight anterior eversion of the frontal FIG. 20-2 – Left maxilla with left nasal bone in lateral view.
process and lateral piriform aperture (see
above), the medial infraorbital plate of Lagar Velho 1 is predominantly in a paracoronal plane
in a horizontal transect. This results in a curved or slightly angulated two-plane transverse
configuration that is usually found in the infraorbital region of early modern and recent
Homo, indeed, in all non-Neandertal Homo. The Neandertal transverse infraorbital configuration in comparably aged specimens, in contrast, is oriented in a more sagittal plane, even
this far medially. Moreover, the Neandertal infraorbital plane lacks an inflection, and it is
instead aligned along a relatively straight transect. It is not possible to evaluate the orientation of the infraorbital plate in the sagittal plane (i.e., vertical in Neandertals, and inferoposteriorly inflected in modern humans) as this manifests further laterally in the cheek region
than what is preserved for Lagar Velho 1.
The least distance between the inferior most nasomaxillary point and the infraorbital
rim is 9.7 mm in Lagar Velho 1 (Table 20-3). This is considerably shorter than the average
of 17.4 mm for three Neandertal subadults (Roc de Marsal 1, La Quina 18, and Teshik Tash
1), but very close to the average of two Late Upper Paleolithic subadults (Montgaudier 3 and
Arene Candide 6) at 9.7 mm, and two recent comparative specimens at 9.5 mm. Even the
youngest of the three Neandertals for this comparison (Roc de Marsal 1) is considerably
larger in this dimension, which reflects both the degree of projection of the superolateral
piriform aperture from the facial plane at the level of the orbits, as well as the degree of horizontality of the nasal bridge in the transverse plane (see medial view). Neandertal adults
also exhibit unusually large values for this measurement relative to fossil and recent Homo
(Franciscus, unpublished data).
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Table 20-3
Orbital and piriform aperture measurements1
NLB

NLH

NI%

PAH

PI%

DKB

45

55

45/55

55.1

45/55.1

49a

Lagar Velho 1

17.42

33.02

52.7

21.42

81.3

20.42

9.7

69.0

ATD6-69

28.0

–

–

–

–

25.0

–

–

2

–

–

–

–

15.1

73.1

30.0

–

–

–

–

–

Pech-de-l’Azé 1

19.5

36.5

53.4

–

–

23.0

21.9

40.9

53.5

20.2

108.4

24.5

NLB%
57.3/45

Krapina 47

Roc de Marsal 1

INMP

3

Subalyuk 2

19.0

–

–

–

–

–

–

85.3

Devil’s Tower 1

24.03

–

–

–

–

24.5

–

–

2

–

–

–

–

24.5

–

–

48.3

46.4

28.4

78.9

–

19.0

84.4

Engis 2

20.4

La Quina 18

22.4

Le Fate 1
Teshik-Tash 1
Tabun B1
Skhul 1

–

–

–

–

–

26.0

–

–

31.0

45.2

68.6

28.5*

108.8

24.2

18.0

87.1

>29.02

–

–

–

–

–

–

Qafzeh 10
Qafzeh 11

–

21.5

41.3

–
52.1

–
–

–
–

–

–

3

–

–

3

–

–

3

24.0
23.4

23.4

42.4

55.2

–

–

25.0

–

–

Mladeč 3

–

–

–

–

–

20.0

–

–

Kostenki 3

20.5

–

–

–

–

–

–

–

Předmostí 22

24.3

40.5

60.0

–

–

24.0

–

–

–

–

–

–

–

27.0

–

–

Sunghir 3

25.0

–

–

–

–

22.5

–

–

Sunghir 2

22.2

–

–

–

–

24.9

–

–

Předmostí 7

29.03

–

–

–

–

25.0

–

–

Arene Candide 6

16.0

31.0

51.6

–

–

–

6.6

81.9

Le Figuier 1

19.1

32.7

58.4

–

–

–

–

–

Kostenki 4

Pataud 3

–

–

–

–

–

22.0

–

–

Rochereil 3

17.7

34.1

51.9

–

–

–

–

–

Mas d’Azil

20.02

–

–

–

–

–

–

–

44.5

42.7

29.2

65.1

21.0

12.7

–

–

–

–

–

–

–

2

Montgaudier 3

19.0

Farincourt 3

28.4

–

Recent European

17.7

31.4

56.4

19.8

89.4

–

9.3

79.7

Recent African

18.9

38

49.7

22.0

85.9

–

9.6

73.0

Recent Europeans 1

19.4 ± 1.6 35.7 ± 3.0 54.5 ± 3.3

–

–

19.3 ± 2.1

–

–

Recent Europeans 2

19.7 ± 3.5 41.3 ± 6.9

–

–

–

–

–

–

Recent Europeans 3

21.0 ± 1.2 40.5 ± 2.6

–

–

–

–

–

–

Notes
1. NLB = nasal breadth; NLH = nasal height; NI% = nasal index; PAH = piriform aperture height; PI% = piriform aperture
index; DKB=interorbital breadth; INMP=least distance between inferior nasomaxillary point and lower orbital margin;
NLB% (INBW/NLB) = piriform aperture shape; numbers refer to Martin numbers (Bräuer, 1988).
2. Midline distance doubled.
3. Minor estimation required.
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Left Maxilla - Medial View (Fig. 20-3)
The medial (internal) aspect of the frontal process is missing ca.12.0 mm of the superior surface inferior to the maxillofrontal suture exposing underlying cancellous bone. The
internal wall of the maxilla is intact below this point between the edge of the lacrimal canal
to the piriform aperture margin mediolaterally, and inferiorly to 5.3 mm below the crest for
the inferior turbinate. At its widest, the preserved medial surface is 11.6 mm in anteroposterior width.
The crest for the inferior nasal turbinate is present, although it is not as strongly
defined as on the right side. It has both horizontal (anterior portion) and vertical (posterior
portion) components, although the horizontal component is slightly more pronounced.
A single foramen is located inferior to the horizontal component, and there is also a small
vertically aligned shallow depression anterior to the conchal crest.
A single superoinferiorly oriented groove is evident superior to the conchal crest in the
posterior third of the medial surface under low power microscopy. This groove likely represents the synostosed premaxillary suture. There is also a groove inferior to the conchal
crest that likely represents the continuation of the premaxillary suture. Both of these
grooves are very faint and completely synostosed. Maureille and Bar (1999) have documented that the premaxillary suture viewed from the medial (internal) aspect remains
patent in 100% of available Neandertals aged 2-6 years of age both superior and inferior to
the conchal crest (Table 20-4). In contrast, in recent humans, there are no cases of unfused
premaxillary sutures superior to the conchal crest after birth, and only very low frequencies
(9.5-21.6%) of unfused sutures inferior to the conchal crest in subadults between 2-6 years
of age. Based on the left maxilla, Lagar
Velho 1 is therefore consistent with the patterning of early premaxillary suture synostosis found in recent humans and different
from that observed in Neandertals. Whether
delayed synostosis of the internal premaxillary suture is present in pre-Neandertal
Homo is currently unknown (Maureille and
Bar, 1999).
From this view (and prior to attaching
the nasal bone), it is possible to see the
nasomaxillary suture edge along the frontal
process. This sutural edge measures 19.1
mm, and it allows an accurate measure of
maximum nasal bone length even though
portions of this length are missing from the
nasal bone (see below). The nasomaxillary
sutural edge is thin anteroposteriorly indicating a nasal bone with a correspondingly
thin lateral edge.
This view (prior to attaching the nasal
bone) also shows a relatively vertically oriented nasomaxillary suture in the transverse plane, rather than the more horizonFIG. 20-3 – Left maxilla with left nasal bone in medial view.
tally oriented configuration that is present
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in Neandertal subadults Roc de Marsal 1, and especially Subalyuk 2 and Engis 2. This, along
with the relatively small value for the least distance between the inferiormost nasomaxillary
point and the infraorbital rim documented above for Lagar Velho 1 (lateral view; Table 20-3)
indicates that the nasal bridge of Lagar Velho 1 would not have been as prominent and elevated as in comparably aged Neandertals, and instead, it is closer to that seen in early modern and recent subadults.

Table 20-4
Premaxillary suture patency frequency1
Recent

Recent

Recent

2-6 yrs
(N=53)

4-6 yrs
(N=21)

Lagar
Velho 1
Left

Lagar
Velho 1
Right

Neandertals

0-6 yrs
(N=247)

Superior to crista conchalis (SCC)

0.0

0.0

0.0

absent

–

100

Inferior to crista conchalis (ICC)

52.3

21.6

9.5

absent

trace

100

Floor of nasal fossa (FNF)

59.7

29.4

38.1

–

trace?

75

ICC+FNF

46.3

15.7

9.5

–

trace?

66.6

Location

2-6 yrs
(N=2-5)

Note
1. All comparative data from Maureille and Bar (1999). All values are percentages.

Left Maxilla – Posterior View
The lacrimal groove forming the anterior portion of the lacrimal canal is intact along its
entire length; maximum length of the groove is 20.8 mm, maximum width is 6.1 mm, and
maximum depth is ca.2.5 mm. The lacrimal canal is not roofed over posteromedially3. The
anteromedial most tip of the developing maxillary sinus is exposed directly inferior to the
lacrimal groove; maximum height of the sinus is 9.2 mm, maximum width is 8.5 mm, and
maximum anteroposterior depth from where it is broken away is ca.4.0 mm.

Right Maxilla – Anterior View (Fig. 20-1)
Unlike its left counterpart, the right maxilla does not retain the frontal process, but it is
more complete inferiorly extending to include the inferolateral corner of the piriform aperture, including a portion of the inferior narial margin. The lateral piriform aperture margin
below the level of the inferior nasomaxillary point is largely complete, missing only the superior most section. It is very sharp along its entire superoinferior length, which is reconstructed to be ca.9.0 mm (identical to its left counterpart). As in its counterpart, the lateral
piriform aperture margin lacks the inner crest/outer margin discontinuity that is variably
present at this point in Homo on both fossil and recent adults and subadults (see footnote 1
and Table 20-2).
A small portion of the medial infraorbital region is present but does not extend laterally to the infraorbital foramen; it measures 13.0 mm mediolaterally at its widest extent.
A small portion (9.8 mm) of the inferomedial orbital margin is present. There are two small
foramina located between the orbital and piriform aperture margins. There is a moderate
degree of anterior eversion of the lateral piriform aperture area that is gently, rather than
sharply, everted. As in its left counterpart, this mild eversion results from an even curvature
of the inferomedial orbital border to the medial edge of the frontal process, rather than a
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sharply angled configuration. As in the left side, Lagar Velho 1 does not exhibit the pronounced eversion of the lateral piriform aperture (as an extension of the eversion in the
infraorbital region) found in similarly aged Neandertals such as Roc de Marsal 1, Subalyuk
2, and Engis 2, or the slightly older La Quina 18 child; however, it is not as paracoronally (i.e.,
non-everted) oriented as in Qafzeh 10 (see footnote 2).
The inferior lateral corner of the piriform aperture is complete enough to assess the
overall lower narial margin configuration (Table 20-2). The lateral margin of the piriform
aperture, although sharp and well defined, ends abruptly onto the gently rounded lower rim
of the nasal aperture, and thus, does not continue on as the lateral crest (crista lateralis;
Gower, 1923). From where the lateral piriform margin ends, the narial rim instead is anteroposteriorly broad (10.5 mm minimally; see Fig. 20-4), gently sloped, and very smooth containing no crests at all (stage 7; Franciscus, 1995). The lower border extends medially 6.3
mm maximally towards midline, and it is missing the ca.2-3 mm of bone that would contain
the midline structures (i.e., the anterior nasal spine, incisive crest and incisive canal). Since
these elements are missing, categorical statements about the presence or absence of a spinal
crest cannot be made. However, it is clear that the specimen lacked both lateral and turbinal
crests (cristae lateralis and turbinalis following Gower, 1923), and from what is preserved,
Lagar Velho 1 exhibited a smooth (stage 7) narial margin.
Narial margin patterning is established very early in fetal development (Franciscus,
1995). A completely smooth, stage 7 narial margin is unknown for adult and subadult
Neandertals, who are instead dominated by a stage 5 pattern consisting of fused lateral and
spinal crests with partial fusion of spinal and turbinal crests, resulting in the formation of a
triangular fossa intranasalis (50%), or a single crest formed by the fused lateral, spinal and
turbinal crests (23%). Moreover, with the exception of the earlier Krapina maxillae
(Franciscus, 1999c), Neandertal narial margin crests are always sharp, raised and very prominent no matter what the specific cresting pattern combination observed. A smooth narial margin occurs in recent western Eurasian
and northern African populations only
in very low frequencies of less than 2%
(Franciscus, 1995). However, a smooth
margin occurs in nearly 20% of recent
sub-Saharan Bantu samples, and as high
as 57% in the Late Upper Paleolithic
Nubian sample from Jebel Sahaba.
Interestingly, a smooth, stage 7 narial
margin also occurs in European Early
and Late Upper Paleolithic samples at a
frequency of 10% and 32% respectively.
Narial margin patterning therefore, to
some extent, mirrors the patterning
found in early modern specimens in
limb proportions that suggest elevated
levels of gene flow from Africa into
Europe in the later Pleistocene (Trinkaus, 1981; Holliday, 1997a).

FIG. 20-4

– Right maxilla in medial view.
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Right Maxilla - Medial View (Fig. 20-4)
The medial (internal) aspect of the right maxilla is complete superoinferiorly for 16.5
mm superior to the narial margin and complete from the lateral edge of the piriform aperture to the lacrimal canal anteroposteriorly (maximum width: 11.5 mm). The conchal crest
for the inferior turbinate is more sharply defined than its left counterpart, and it is slightly more vertically inclined. The posterior portion of the conchal crest is clearly defined on
the posterior portion of the lateral wall, and it traverses anteriorly towards the lateral wall
of the piriform aperture as a very faint roughened surface. Its most prominent inferior
aspect is located 6.1 mm above the preserved portion of the nasal floor. There are two
small foramina located just anterior to the prominent portion of the crest. There are two
faint superoinferiorly oriented grooves clearly visible under low power microscopy inferior to the conchal crest. The more posterior of the two is likely the trace remnant of the
fully synostosed premaxillary suture. Neither of these grooves traverses medially across
the preserved portions of the lateral nasal floor, although it is possible that the more posterior of the two did in the area now broken away. The remnant suture here is somewhat
more visible than that found on the medial aspect of the left maxilla. Nevertheless, none
of these sutures appears patent, and this pattern in Lagar Velho 1 is therefore consistent
with the patterning (also found in its left counterpart; see above) of early premaxillary
suture synostosis characteristic of recent humans and different from that observed in
Neandertals. CT scans of the maxilla confirm this synostosis by showing no internal
patency.
Although the narial rim of the inferior piriform aperture does not preserve to midline,
the configuration of the internal nasal floor, as seen in the inferolateral corner from this
view, suggests a nasal floor that would have been depressed (i.e., non-level) relative to the
incisive crest at midline. Whether the nasal floor was sloped or strongly bilevel (stage 2 and
3 respectively; Franciscus, 1995) cannot be ascertained; however, the nasal floor in Lagar
Velho 1 was almost certainly not level (stage 1) in its passage from the narial margin to the
posterior internal surface. The bilevel (stage 3) condition is found in 80% of Neandertals
(Franciscus, 1999b, n.d.) and predominates even in Neandertal subadults (Table 20-2).
Interestingly, the European Early Upper Paleolithic adult sample shows 100% level (stage 1)
configuration, while the Later Upper Paleolithic European sample shows a mixed pattern of
all three stages, as do the subadults (Table 20-2). These and other considerations (Franciscus, n.d.) indicate that the internal nasal floor configuration in Lagar Velho 1 cannot be
used to clearly align it one way or the other to Neandertals or European Early/Late Upper
Paleolithic modern humans.

Right Maxilla - Posterior View
The lacrimal groove forming the anterior portion of the lacrimal canal is less intact than
its left counterpart. Most of its original superoinferior length is preserved; however, its medial and lateral margins are damaged. As in its left counterpart, the lacrimal groove is not
roofed over (see footnote 3). The anteromedial most tip of the exposed developing maxillary
sinus is present inferolaterally to the lacrimal groove; it measures 9.3 mm in maximum
length, 8,6 mm in maximum width, and ca.3.5 mm in maximum depth.
Inferior to the maxillary sinus is an exposed tooth crypt for the developing permanent
canine (found isolated; crown 3/4 complete).
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Right Maxilla - Inferior View
There are two-exposed adjacent tooth crypts located on the most inferior aspect of the
maxilla. The first is located anteromedially, directly inferior to the inferolateral corner of the
piriform aperture, for the developing permanent medial incisor (found isolated; crown
almost complete). The second, located posterolaterally, is for the developing permanent lateral incisor (found isolated; crown just over three-quarters complete).

Nasal Bone
Anterior View
The left nasal bone is complete along the entire length of the internasal suture from
the internasal-frontonasal suture juncture to rhinion (Fig. 20-1). It is also complete along
the entire length of the frontonasal suture. The nasomaxillary suture is partially intact
from its most superior extent to 6.6 mm inferiorly, and along this length direct contact
with the frontal process of the maxilla is achievable. The inferolateral portion of the bone
inferior to this point is missing, and therefore the maximum lateral height of the bone
that is present (15.3 mm) is shorter than the original nasal bone height (i.e., the distance
from superior nasomaxillary to inferior nasomaxillary suture points). Fortunately, the
original height for the nasal bone can be measured using the preserved sutural edge present on the frontal process of the associated maxilla. The medial aspect of the external surface is intact.
Given its preservation, several measurements can be taken directly on the nasal bone
or reliably estimated (Table 20-5). Lagar Velho 1 is uniformly smaller than all Neandertals
in all nasal bone dimensions, particularly in internasal bone height and greatest breadth
of nasal bones. Even with the relatively older Teshik Tash 1 specimen removed, Lagar
Velho 1 averages about 30% smaller in overall nasal bone dimensions compared to the
Neandertals. In contrast, Lagar Velho 1 shows a mixed pattern of slightly larger and slightly smaller dimensions relative to Late Upper Paleolithic European specimens and recent
humans. On average, across all measures, Lagar Velho 1 is about 9% larger in nasal bone
dimensions compared to the Late Upper Paleolithic specimens, and about 4% larger compared to the recent specimens. No measurements relating to nasal bone projection from
the adjacent facial plane could be taken because they are susceptible to small measurement error and therefore require both sides to be intact.
The orientation of the superolateral nasomaxillary suture is vertical from an anterior
view indicating a “non-pinched” or straight nasal bone contour. This also indicates that
the position of the narrowest breadth across the nasal profile (i.e., the simotic cord) was
relatively superiorly placed.
A single foramen for a branch of the anterior ethmoidal nerve for sensory supply of
the skin of the nasal bridge is located on the anterior surface 5.5 mm inferior to the
nasofrontal suture and 3.6 mm lateral to the internasal suture. Frequency of nasal foramina (presence/absence and single vs. multiple) is considered an epigenetic trait showing
population variation in recent humans (De Stefano and Hauser, 1991); however it has not
been systematically evaluated in fossil Homo.
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Table 20-5
Nasal bone measurements1

Lagar Velho 13
ATD6-69

SNBW
57.2

INBW
57.3

NBH
56.2

IBH

WNB
57

GBNB
57.1

10.42

12.02

19.12

11.6

9.42

12.02

8.0

–

–

–

–

–

Pech-de-l’Azé 1

–

–

–

–

11.8

–

Roc de Marsal 1

12.3

16.0

25.0

22.2

13.2

16.8

Subalyuk 2

15.22

16.2

22.5

22.3

13.22

16.2

La Quina 18

12.8

18.9

22.5

22.9

–

18.9

Dederiyeh 1

–

–

–

–

14.0

–

Teshik-Tash 1

–

27.02

23.2

–

12.0

27.02

Qafzeh 11

–

–

–

–

7.8

–

Arene Candide 6

7.3

13.1

15.6

–

6.3

13.1

Montgaudier 3

10.3

–

–

–

9.0

–

Recent African

10.6

13.8

20.2

18.7

6.9

14.0

Recent European

7.2

14.1

15.6

12.7

6.1

14.5

Recent European

10.5

12.9

11.6

9.7

8.3

12.9

Notes
1. SNBW=superior nasal bone width; INBW=inferior nasal bone width; NBH=nasal bone height; IBH=internasal bone
height; WNB=simotic width; GBNB=greatest breadth of nasal bones; Numbers refer to Martin numbers (Bräuer, 1988).
2. Midline distance doubled.
3. INBW and GBNB were taken with nasal bone articulated on Lagar Velho 1; NBH taken on nasomaxillary suture on
maxilla; all others directly on unattached nasal bone on Lagar Velho 1.

Lateral View
The sagittal profile of the nasal bridge is best seen from this view (Fig. 20-2). There is
pronounced curvature of the nasal bridge in sagittal profile with the deepest inflection located about midway along the nasalia (i.e., between the internasal-frontonasal suture juncture
and rhinion; see also Fig. 20-3). Thus the superior nasal bridge is more vertically inclined,
while the inferior portion is more horizontally inclined.

Medial View
The nasal root measures 4.5 mm in maximum anteroposterior thickness at its most
superior point. The nasal crest is intact along the medial border attaining a maximum
anteroposterior thickness of 4.8 mm at the point of greatest nasalia inflection.

Superior View
The nasal root measures 4.6 mm in maximum mediolateral thickness across the frontonasal suture.
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Posterior View
The groove for the nasociliary nerve is not found on the internal surface.

Inferior View
Under microscopy, it is clear that the tip for rhinion is present and complete, and that the
medial inferior most edge of the nasal bone is present. This underscores the reliability of nasal
bone and piriform aperture measurements relying on these features (Tables 20-3 and 20-5).

Interorbital Region
Due to the completeness of the frontal process of the left maxilla and the accurate joining of the left nasal bone, the distance between dacryon and the internasal suture (10.2 mm)
can be doubled to derive an estimate for interorbital breadth of 20.4 mm in Lagar Velho 1.
It should be noted at the outset that interorbital breadth is a relatively difficult measurement
to take consistently on adults, much less subadults, even in completely intact specimens due
to a variety of factors (see Howells, 1973 for a detailed discussion). Nonetheless, this measurement is available for a relatively large number of comparative specimens (Table 20-3).
The interorbital breadth value for Lagar Velho 1 is 4.3 standard deviations smaller than the
Neandertal sample average, and the magnitude of difference does not change even if the older
Le Fate 1 and Teshik Tash 1 individuals are removed. Lagar Velho 1 is also smaller than Qafzeh
10 and 11, and Skhul 1 by a similar magnitude. Lagar Velho 1 is slightly larger than the somewhat younger aged Mladeč 3 child, and is approximately 2.7 standard deviations smaller than
the clearly developmentally older remainder of the European early Upper Paleolithic sample.
Lagar Velho 1 is much closer in interorbital breadth value to the later Upper Paleolithic specimens Pataud 3 and Montgaudier 3, and the comparably aged recent European sample.
Minugh-Purvis (1988) concluded that growth in interorbital breadth from infancy to adolescence is not as marked as for other aspects of upper facial and midfacial growth in both
Neandertals and recent modern humans, although it is not clear whether this is due to sampling
effects or relatively greater growth during late adolescence or early adulthood in both groups.
Based on recent human data summarized by Krogman (1941: 610-614), relative interorbital
breadth increase is greatest during stage 4 (M2 erupting, C and P1-2 erupted; roughly 12,0
years). However, Morin et al. (1963) document a relatively linear rate of recent human interorbital breadth growth from 3-12 years of age. It is difficult to surmise to what extent these somewhat disparate results are due to sampling variability and other methodological factors, and/or
actual populational differences in growth patterns. Nonetheless, to some degree, the relatively
greater interorbital distances in Neandertal and Skhul/Qafzeh children, and the relatively smaller dimensions in European Early and Late Upper Paleolithic (including Lagar Velho 1) and
recent human children appear to be determined relatively early in ontogeny.

Piriform Aperture
In order to reconstruct the piriform aperture in Lagar Velho 1 (Fig. 20-1), the left maxilla
was oriented with the attached nasal bone such that the midline of the nasal bone, i.e., the nasal
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crest, was aligned with the sagittal midplane. This alignment was also verified by orienting the
inferomedial orbital rim such that the most superior portion (i.e., the most superior portion of
the lacrimal groove) was vertical or parallel to the midline. The alignment of this arrangement
was then evaluated in the sagittal and coronal planes to make sure that none of the axes of orientation was unusual. The distance from midline to the lowest portion of the preserved lateral
margin of the piriform aperture was then established. This distance was then used to fix the
right maxilla at the same mediolateral distance from midline to achieve nasal breadth. The
superoinferior alignment of the two halves of the maxillae was then achieved by positioning
both conchal crests to the same superoinferior point relative to midline. Finally, the slope of
both inferomedial orbital margins were checked for symmetry, and the overall alignment in
coronal and sagittal planes for both specimens were checked for symmetry.
Following the above restoration of the piriform aperture, Lagar Velho 1 has an estimated
nasal breadth of 17.4 mm. This value is 2.0 standard deviations below the mean for comparably
aged Neandertals (Table 20-3) and is similarly smaller than Qafzeh 10. It is, in fact, smaller than
all other comparative samples; however, it is closer to comparably aged Early and Late Upper
Paleolithic specimens on average (especially the latter), and it is also closer to a recent human
sample aged 3.0 – 5.0 years. Alternative reconstructions of the piriform aperture in Lagar Velho
1 produce an upper value for nasal breadth that is higher (i.e., 19.0 mm; although these produce
varying levels of misalignments in peripheral landmarks). If correct, this higher value would be
essentially identical to comparably aged recent and earlier and later Upper Paleolithic European
specimens. No reasonable reconstruction of the piriform aperture, therefore, would alter the
basic distinction of Lagar Velho 1’s smaller nasal breadth from Neandertals and Qafzeh 10, and
its greater similarity to later modern children. The estimated nasal height for Lagar Velho 1 is
33.0 mm. This is considerably smaller than the mean for comparably aged Neandertals (41.9
mm), as well as Qafzeh 10 and the somewhat older Předmostí 22 child. However, it is closer to
the mean for comparably aged European later Upper Paleolithic children (32.6 mm), and it is
within one standard deviation of the comparably aged recent European sample mean (35.7 mm).
Nasal breadth in both Neandertals and modern humans shows relatively greater growth
in earlier ages (between 1.5 and 4.5 years of age) compared to nasal height, which continues
to show significant growth at later ages (Minugh-Purvis, 1988) probably tied to upper facial
height growth in general (Krogman, 1941, p. 610-614). Interestingly, it also appears that nasal
breadth grows via modest negative allometry in modern humans, while for Neandertals,
growth in nasal breadth is isometric or possibly even positively allometric (Williams, 2000).
There are no real sample differences in the shape of the nose based on the standard
nasal index. The Neandertal mean (55.5 mm), the later Upper Paleolithic mean (51.2 mm),
and the comparably aged recent sample (54.5 mm) are all well within one standard deviation
of each other. The estimated value for Lagar Velho 1 (52.7 mm) falls close to all three, as do
the individual values for Qafzeh 10 and 11.
Fewer comparisons are possible for piriform aperture height and shape. The reconstructed value for piriform aperture height in Lagar Velho 1 is 21.4 mm. This is slightly larger than for the comparably aged Roc de Marsal 1 Neandertal child and the average of two
recent humans, and it is considerably smaller than the values for the somewhat older
Neandertals La Quina 18 and Teshik Tash 1, as well as the older Late Upper Paleolithic child
Montgaudier 3. In terms of piriform aperture shape standardized to nasal breadth, Neandertal
children have the highest ratios (mean = 98.7), and Lagar Velho 1 is approximately midway
between this value and that for Montgaudier 3. Lagar Velho 1 is also most similar to the recent
human values. A more meaningful measure of piriform aperture shape is the ratio of inferior nasal bone width to nasal breadth (INBW/NLB). Adult Neandertals have very high values
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for this index which quantifies their relatively square-shaped vs. pear-shaped piriform apertures (Franciscus, 1999a). This feature is directly tied to the important alterations in the nasomaxillary-zygomatico-infraorbital configuration that is the primary autapomorphy in
Neandertal facial architecture and likely the first Neandertal craniofacial trait to emerge in a
geochronologically accretional pattern (Hublin, 1998; Franciscus, 1999c). The extreme
square-shaped piriform aperture shows up early in development with Neandertals having the
highest ratios on average (Table 20-3), although the dichotomy becomes more pronounced
throughout later development. The INBW/NLB value for Lagar Velho 1 is relatively low at
69.0, reflecting a fairly pear-shaped, non-Neandertal configuration.

Summary
The midface of Lagar Velho 1 preserves portions of both the left and right maxillae and
most of the left nasal bone. There is no evidence for pathological or traumatic alteration. In
combination, these elements allow a reasonable reconstruction and comparative analysis of
major aspects of the midfacial skeleton.
Specifically, Lagar Velho 1 has a relatively narrow interorbital breadth, overall small
nasal bone dimensions, low nasal height, and a narrow nasal breadth. The maxillary frontal
processes are not strongly everted, and the nasomaxillary suture is vertically rather than horizontally oriented. This, combined with the small distance from the inferior nasomaxillary
point to the facial plane at the orbital rim, indicates a nasal bridge that was not only relatively
narrow, but also one not elevated in the transverse plane. The medial infraorbital region of
Lagar Velho 1 is configured predominantly in a paracoronal plane in a horizontal transect,
with a curved or slightly angulated two-plane transverse configuration, and the premaxillary
sutures on the internal surfaces of both maxillae are fused. The shape of the piriform aperture is pear-shaped rather than square-shaped, the inferior narial margin of the piriform
aperture is smooth with no crest development, and the internal nasal floor is depressed.
In all aspects of metric size and shape, as well as discrete characters, Lagar Velho 1 is closely aligned with the range of variation found in comparably aged European Early and Late Upper
Paleolithic and recent subadults. In a few aspects of midfacial shape, but not size, there is general similarity (in addition to European Upper Paleolithic and recent humans) to the Levantine
Mousterian associated subadults from Skhul and Qafzeh. There is no midfacial feature present
on Lagar Velho 1 that specifically aligns it with comparably aged European or Levantine
Neandertals. The lack of Neandertal features in the midface of Lagar Velho 1 cannot be
explained by its relatively young age. Unlike other aspects of the face, neurocranium and
mandible (Minugh-Purvis, 1988; Tillier, 1999; Williams, 2000; Thompson and Illerhaus,
2000), the highly derived nasomaxillary configuration of Neandertals is present at very young
ages (Tillier, 1983b; Madre-Dupouy, 1992; Franciscus, 1995, 1999a; Maureille and Bar, 1999).
There is an apparent discordance between the relatively gracile midface documented
here and the more robustly built lateral face as indicated by comparative measurements on
the right zygomatic bone (Chapter 17). However, such disconcordance is not necessarily
unexpected under a model of relative uncoupling of developing cranial functional matrices
(i.e., neurocranial, midfacial, and masticatory soft-tissue matrices) in later Pleistocene
human evolution (Franciscus, 1997).
The smooth narial margin evident in Lagar Velho 1 occurs in recent western Eurasian
and northern African populations only in very low frequencies of less than 2% (Franciscus,
1995). However, a smooth margin occurs in nearly 20% of recent sub-Saharan Bantu sam-
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ples, and as high as 57% in the Late Upper Paleolithic Nubian sample from Jebel Sahaba.
Interestingly, a smooth stage 7 narial margin also occurs in European Early and Late Upper
Paleolithic samples at a frequency of 10% and 32% respectively. Narial margin patterning
therefore, to some extent, mirrors the patterning found in early modern specimens in limb
proportions that suggest elevated levels of gene flow from Africa into Europe in the later
Pleistocene (Trinkaus, 1981; Holliday, 1997a). Gross narial margin patterning is clearly
arrayed along a phylogenetic morphocline in Homo (Franciscus, 1999c); however, the specific form of narial margin patterning frequently shows high levels of within sample homogeneity in fossil and recent humans, suggesting near fixation due to random genetic drift in
small populations. The “African-like” smooth narial margin in Lagar Velho 1 (and its relatively high frequency in European Early and Late Upper Paleolithic samples) is juxtaposed
with its cold-adapted leg proportions (Chapter 25). This discordance might be unexpected
under over-simplified models of population replacement vs. continuity, but it is certainly
plausible under migration matrix modeling involving both local regional continuity in
Europe with persistent gene flow from outside Europe (Africa) when coupled with large disparities in average effective population size (Relethford, 2001a).

NOTES
1

McCown and Keith (1939) described a nasal feature they considered to be unique to Neandertals, a feature that has, to my knowledge,
never been subsequently mentioned in the literature:
There is a peculiar feature in the lateral margin of the nasal aperture in the Tabun skull which links it to the Gibraltar specimen. The
lateral margin in Tabun I is a single round ridge in its lower half, but in its upper half it divides so as to form two borders, a medial
which is sharp and forms the true margin of the aperture, and a lateral which ascends on the outer surface of the ascending process
to end in the nasomaxillary suture. The maximum distance between these margins is 3 mm. Although not so plainly seen, the same
conformation is present on the Gibraltar skull. We believe that this double margin has not been noted before. It is probable that the
lateral ridge represents the original margin and that the medial has been produced in the evolution of the human nose (1939: 262).
It is important to stress that McCown and Keith, in this case, are locating a feature on the lateral margin of the piriform aperture in the
vicinity of the inferior nasomaxillary suture, and not the lower narial margin which is dealt with elsewhere. Contra McCown and Keith,
the feature is found variably in adult and subadult fossil and recent Homo (Franciscus, unpublished data), and when present, it is especially pronounced on individuals with large nasofacial skeletons. For example, it is particularly pronounced on Petralona 1 and Bodo 1.
Moreover, the feature appears to drift ontogenetically from a relatively more inferior location on the lateral piriform margin to a more
superior position at or near the juncture of the inferior nasomaxillary point throughout childhood and into adulthood based on limited cross-sectional age comparisons.

2

Interestingly, most recent modern fetal and neonatal specimens have maxillary frontal processes that are strongly everted, even in those
regional populations which lack this characteristic on average as adults (i.e., sub-Saharan Africans). During subsequent development,
the frontal processes become less everted (i.e., more paracoronally oriented) especially in individuals from populations characterized
by relatively wide nasal apertures and non-projecting nasal bridges. This is based on my general observations on various cross-sectional
age series. In contrast, Neandertals at all ages retain the strongly everted configuration which suggests either the retention of a fetal
characteristic into childhood and adulthood, or the secondary attainment during growth and development of a feature that appears to
be neotenous.

3

Schwartz and Tattersall (1996) and Schwartz et al. (1999) have argued that in modern humans the lacrimal canal is “roofed over” or
covered by a thin sheet of bone on its posteromedial aspect, whereas in Neandertals the lacrimal groove remains open and thus constitutes an autapomorphy. There is no basis for this dichotomy (Franciscus, 1999a; Yokley, n.d.). In some modern humans, the lacrimal
process of the inferior nasal concha meets with the descending process of the lacrimal bone thus forming the posteromedial wall of the
lacrimal canal, which is bounded anteriorly, laterally and anteromedially by the lacrimal groove of the maxilla (Yokely, n.d.). The delicate bones that make up the “roofing” configuration are never preserved in fossils, and even in comparative recent samples are either
variable in the degree of roofing over (Murphy et al., 1998) or too damaged to assess.
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chapter 21

| The Mandibular Morphology

❚ ERIK TRINKAUS ❚

The mandible of Lagar Velho 1 provides morphological information on the symphyseal
region, the lateral corpus, and most features of the ramus (Figs. 21-1 to 21-3). As such, it is one
of the most complete European earlier Upper Paleolithic juvenile mandibles currently available, exceeded in completeness only by the late juvenile / early adolescent Sunghir 2 and 3 specimens (Bader, 1998; Alexeeva et al., 2000) and the now lost juvenile Předmostí 2, 6 and 7
mandibles (Mateigka, 1934). The only other specimens from the same time period are the juvenile mandibular corpori of La Quina 25 (Trinkaus, pers. observ.), Miesslingtal 1 (Szombathy,
1950; Trinkaus, pers. observ.), and Předmostí 24 and 25 (Matiegka. 1934), plus the early adolescent mandibular corpus of Les Rois 1 (Vallois, 1958a), the younger one from Balla 1
(Hillebrand, 1911) and the fragmentary one of Caldeirão 2 (Trinkaus et al., 2001). The couple
of immature mandibles from Isturitz that may derive from Gravettian levels are probably of
late Upper Paleolithic age (Gambier, 1990-91). Although it is probably from the late Upper
Paleolithic, some data for the Le Figuier 1 mandible (Billy, 1979) are included. These specimens are bracketed temporally (and geographically) by variably complete juvenile mandibles
from the late Upper Paleolithic of Europe, of European Middle Paleolithic immature
Neandertals, and of Near Eastern
Qafzeh-Skhul early modern humans
[see Mallegni and Trinkaus (1997),
Coqueugniot (1999) and Tillier
(1999) for a largely complete list].
Given these comparative specimens, the Lagar Velho 1 mandible
is morphologically described and
compared, to the extent possible, to
similarly aged late archaic and early
modern human mandibles from
Europe and the Near East. The degree to which its morphological
affinities can be assessed is limited
by the available comparative specimens and the data that they provide. The comparative data derive
from the references above and personal observations of the originals
and/or resin casts.

– Superior view of the Lagar Velho 1
mandible with the deciduous dentition removed.
Scale in centimeters.
FIG. 21-1
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FIG. 21-2

– Lagar Velho 1 mandible in norma lateralis left, with the mandibular deciduous dentition in place. Scale in centimeters.

– Medial posterior oblique view of the mandible, with the right di2 to left dm2 in place. The exposed crypts for the right I2
and the left M1 and M2 are visible. Scale in centimeters.
FIG. 21-3
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Overall Mandibular Length Proportions
The overall length proportions for the Lagar Velho 1 mandible (Table 21-1) can be
assessed by comparing alveolar length and minimum ramus breadth to an overall
mandibular length measurement. The latter employed, given the absence of the condyle
on Lagar Velho 1 and other fossil specimens, is the midsagittal distance between the
infradentale and the transverse line between each point where the mandibular notch crest
meets the anterior condyle. The alveolar length measurement is the midsagittal measurement from infradentale to the transverse line between the two points at which the anterior ramal margin meets the alveolar plane. Given the need to determine the mid-sagittal
plane and estimate the anterior condylar margin on the Lagar Velho 1 mandible, these
measurements have been estimated. Minimum ramus breadth can be measured directly.
The number of Late Pleistocene specimens for which these measurements can be taken
is very limited, and several require estimation of the bicristal breadth to determine the
midsagittal length.

Table 21-1
Osteometrics of the Lagar Velho 1 mandible, in millimeters and degrees.
Symphyseal height

24.5

Symphyseal breadth

10.9

di2-dc1 corpus height

23.9

di2-dc1 corpus breadth

13.3

di2-dc1 corpus breadth without the lateral tubercle

10.6

dm1-dm2 corpus height

20.5

dm1-dm2 corpus breadth

11.5

distal M1 corpus height

19.7

External alveolar breadth - di1 left

5.0

External alveolar breadth - di2 left

5.7

External alveolar breadth - dc1 left

6.7

External alveolar breadth - dm1 left
Minimum ramus breadth

7.3
26.1

Bi-external dc1 arcade breadth

(26.0)

Bi-external dm1-dm2 arcade breadth

(38.0)

Infradentale - dm1-dm2 sagittal arcade length

(13.8)

Infradentale - anterior condyle (at the notch crest) sagittal length

(62.0)

Infradentale - anterior ramus root (at alveolar plane) sagittal length

(31.0)

Anterior symphyseal angle (infradentale-pogonion vs. alveolar plane)

78°

The index of the estimated alveolar and mandibular lengths for Lagar Velho 1 is
ca.50.0. This value is the same as those of Teshik-Tash 1 (50.0), Malarnaud 1 (50.2) and
Qafzeh 11 (50.0), slightly above those of Devil’s Tower 1 (48.0) and Qafzeh 10 (48.5) and
slightly below those of Pech-del-l’Azé 1 (52.8) and Roc de Marsal 1 (51.4). Similarly, its
ramus breadth to mandible length index of ca.42.1 is in the middle of the Late Pleistocene
variation, with Teshik-Tash 1 (36.1), Malarnaud 1 (37.5), Qafzeh 11 (38.1) and Pech-de-l’Azé
1 (41.4) having lower values and Roc de Marsal 1 (42.7) and Qafzeh 10 (43.6) having slightly higher values. For the former index, a global sample of early juvenile recent humans
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(Krovitz, 2000) have mean value of 47.1 (± 2.7, N = 42), and the index among them
remains stable through the juvenile years (ages 2 to 12 years) (r2 = 0.066, N = 82) (data
from Krovitz, pers. comm.).
Consequently, there is little difference in these proportions among juvenile late archaic and early modern humans, and the Lagar Velho 1 ones are similar to those of other Late
Pleistocene juveniles and within recent human ranges of variation.

The Symphysis
The mandibular symphysis of Lagar Velho 1 is excellently preserved from the right di1
across to the left lateral corpus. As a result, the midline structures are all present, but the full
extent of the mentum osseum on the right side is not retained. Given the near perfect symmetry of the preserved portions, it is assumed that the complete left side represents the full
morphological pattern of the symphysis.

The Anterior Symphysis
The anterior mandibular symphysis of Lagar Velho 1 is notable for its very prominent
mentum osseum, its posteriorly sloping profile, and especially the combination of these two
features (see Figs. 21-2, 21-4 and 21-5). The variety of features described below and the
associated symphyseal angles contribute to these aspects of its mandibular anterior symphysis.

FIG. 21-4

– Anterior view of the mandibular symphysis. Scale in centimeters.
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– Basilar view of the mandibular symphysis, left corpus and left ramus. Scale in
centimeters.
FIG. 21-5

FIG. 21-6

– Posterior view of the mandibular symphysis, with portions of the left medial corpus. Scale in centimeters.
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The symphyseal fusion line is largely obliterated, but a thin open line is still evident lingually and labially between the two di1 sockets (Figs. 21-4 and 21-6). It extends 5.0 mm from
the alveolar plane labially and 3.5 mm lingually. The mandibular symphysis is generally
noted to fuse during the first year of postnatal life (Molleson and Cox, 1993; Scheuer and
Black, 2000), but data on the full obliteration of the fusion line appear to be unavailable.
The superior ca.9 mm of the anterior surface is very slightly concave vertically. It yields
a maximum depth subtense of 0.6 mm, located in the inferior portion of those 9 mm of
height. Transversely, the bone is concave between the anterior convexities for the deciduous
incisor sockets. Lagar Velho 1 therefore clearly exhibits the anterior mandibular incurvation
as defined by Coqueugniot (1999). Among recent European juveniles this concavity remains
moderately infrequent (35.6%, N = 177), it is moderately to well developed in four Qafzeh
immature mandibles, and occurs in a minimally expressed form in only 28.6% (N = 14) of
immature Neandertal mandibles. It is minimally developed in La Quina 25, Miesslingtal 1
and Les Rois 1, but it is clearly present in Předmostí 2, 7 and 25.
Along the inferior 14 mm of the anterior symphyseal surface (the anterior surface
height is 23 mm, although the total symphyseal height is 24.5 mm), the midline profile rises
gently anteriorly as one goes inferiorly to reach a maximum projection ca.7 mm from the
anteroinferior margin. This peak is in the middle of the central mental trigone area. The
midline then rounds off posteriorly as it approaches the inferior symphysis (Fig. 21-4 and 217). The central raised area is clearly distinct from the adjacent anterior mandibular surface,
with a denser bone containing abundant small foramina. Its distinct boundaries with the
more lateral anterior surface bone give the appearance of bony deposition on the normal
external surface. The breadth of the raised area is ca.11 mm near its vertical middle.
The raised central area (the tuber symphyseos) is bordered bilaterally by distinct depressions, of which only the left one is completely preserved. The left anterior mandibular
depression [the incisura mandibulae anterior of Weidenreich (1936) and the “anterior buccal
mandibular depression” of Arensburg et al. (1989) and Coqueugniot (1999)] is a distinct
horizontally oriented oval with well demarcated medial, lateral and inferior edges. The superior margin is more rounded and less distinct. Its breadth is 7.4 mm and its height is ca.4.5
mm. The mediolateral maximum depth subtense is 0.9 mm; the vertical one is 2.2 mm, but
it is exaggerated by the prominent lateral tubercle [tuberculum laterale of Weidenreich
(1936)]. Together these features form a prominent trigonum mentale (tuberculum laterale and
tuber symphyseos).
A marked anterior mandibular depression is found in the vast majority of cases among
recent and early modern human juveniles. It was found in 100% (N = 418) of a sample of
recent European juveniles (Coqueugniot,
1999), among whom 94.5% have it well
developed, although a sample of Near
Eastern recent immature humans (N = 171)
exhibit it well developed in only 31% and
“vestigial” in 46.8% (Arensburg et al., 1989).
It is present in all of the known early modern
humans, although it is variably developed
among them. In particular, it is weakly developed in Qafzeh 10 and 11 (contra Tillier, 1999
and Coqueugniot, 1999), and it is modestly
present in Miesslingtal 1 and La Quina 25. FIG. 21-7 – Midsagittal contour of the Lagar Velho 1 mandibular
Based on photographs in Matiegka (1934), it symphysis. A: anterior; P: posterior; a-a: alveolar plane.
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is well developed in Předmostí 7 and 25, but although present, its degree of development cannot be determined for Předmostí 2. The older Les Rois 1 mandible has pronounced anterior
mandibular depressions.
Among immature Neandertal mandibles, it is variably present, ranging from absent
(e.g., Roc de Marsal 1, Devil’s Tower 1) to clearly developed (e.g., Dederiyeh 1, Pech-de-l’Azé
1, Archi 1, Le Fate 2), with the remainder having only a trace of it. There is considerable variation in the scoring of this trait (compare Mallegni and Trinkaus, 1997 vs. Cocqueugniot,
1999 vs. Tillier, 1999 vs. above), such that these observations should be taken only as a general indication of the degree of development of this feature in these samples. Nonetheless,
the marked development of the anterior mandibular depression in Lagar Velho 1 is at the
more pronounced end of the range of variation seen in Late Pleistocene immature human
mandibles, especially for an earlier juvenile one.
The right lateral tubercle was broken postmortem, but the left one is very prominent
from both the basilar margin and the anterolateral corpus (Figs. 21-2 and 21-5). There is no
clear distinction between its surface bone and that of either the anterolateral corpus or the
basilar margin, except for the rugosity along its anterior surface laterally. The distance from
the symphyseal midline to the anterolateral peak is ca.10 mm, whereas that to the full lateral extent of the tubercle where it blends in with the lateral corpus is ca.12.5 mm. It is a very
projecting lateral tubercle (the right one was the same based on the preserved portions)
which produces, along with the raised central mental trigone, the marked mentum osseum of
Lagar Velho 1. Interestingly, among mature earlier Upper Paleolithic Europeans, only two of
fourteen (14.3%) mandibles exhibit the prominent lateral tubercles and the associated shelflike mental eminence seen in Lagar Velho 1 (Teschler-Nicola and Trinkaus, 2001).
Moreover, among immature earlier Upper Paleolithic European mandibles, only the older
(9-11 years) Předmostí 25 mandible appears to have the marked development of both the
tuber symphyseos and the tuberculum laterale (Matiegka, 1934). Other specimens, such as Balla
1, Le Figuier 1, Miesslingtal 1, Předmostí 2, 7 and 24, La Quina 25, Les Rois 1 and Sunghir
2, as well as Qafzeh 10 and 11, show little development of the each tuberculum laterale and
primarily a prominent tuber symphyseos.

Anterior Symphyseal Angulation
In conjunction with its pronounced mentum osseum, the Lagar Velho 1 mandible
exhibits a rather retreating anterior symphyseal profile (Fig. 21-2). Its anterior symphyseal
angle [infradentale to pogonion line relative to the alveolar plane in the midsagittal plane;
Martin 79(1b) (Bräuer, 1988)] was measured both through repeated direct measurement
with a moveable arm protractor (Craftsman #9-4029) and through trigonometric measurement of the angle using the triangle determined by the midsagittal lines between infradentale, pogonion and the line joining the distal dm1 alveoli. Both techniques provide an angle
of 78° [this angle is a correction of the value previously published in Duarte et al. (1999)].
This value is unusually low for a modern human, especially one with a prominent mentum
osseum which increases the anterior projection of the inferior anterior symphysis well anterior of the core of the mandibular symphysis.
For comparison, earlier juvenile Neandertals (Pech-de-l’Azé 1, Roc de Marsal 1, Archi 1,
Châteauneuf 1 and Devil’s Tower 1) have similarly calculated angles of 79°, 90°, 77°, 90° and
75° respectively. Teshik-Tash 1 provides an angle of 78°. The juvenile Qafzeh 10 mandible yields
an angle of 88° but the older Qafzeh 11 has one of 90°. Earlier Upper Paleolithic juveniles pro-
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vide angles of ca.80° for Předmostí 2, 88° for La Quina 25, ca.88° for Předmostí 7, 96° for
Miesslingtal 1, ca.89° for Předmostí 24, 96° for Les Rois 1 and ca.93° for Předmostí 25 (the
Předmostí values from photographs in Matiegka, 1934); an angle measurement is not available
for Balla 1, but the published photograph (Hillebrand, 1911) suggests one of ca.100°. The
Sunghir 2 early adolescent mandible appears from the published photograph (Kozlovskaya and
Mednikova, 2000: p.120) to have a slightly retreating anterior symphyseal profile with an anterior symphyseal angle between 85° and 90°. The late juvenile Sunghir 3 mandible has a prominent mentum osseum with an anterior symphyseal angle between 95° and 100° (based on the
photograph in Kozlovskaya and Mednikova, 2000: p.130), although it is unclear whether this
would have been affected by the individual’s systemic developmental abnormalities (Buzhilova,
2000; Formicola and Buzhilova, 2002). The Le Figuier 1mandible provides an angle of 95°.
A global recent human juvenile to early adolescent sample (Krovitz, 2000) provides
angles of 99.2° ± 5.5°, minimum: 91° (N = 126) (data from Krovitz, pers. comm.). Moreover,
within that recent sample, there is no significant correlation between the anterior symphyseal angle and age between ages 2 and 12 years (r2 = 0.010, P = 0.255). Therefore, despite
the age range of these Late Pleistocene juveniles, their anterior symphyseal angles should be
close to what they were or would have been at the developmental age of Lagar Velho 1.
On the basis of this constancy through the juvenile to early adolescent years in anterior symphyseal angles, means and standard deviations were computed for the Neandertal
(81.5° ± 6.7°, N = 5) and earlier Upper Paleolithic samples (91.5° ± 5.7°, N = 10). Despite the
sample sizes and the estimates in some of the measurements, these provide an general indication of the relative angulation of the Lagar Velho 1 mandible. With an anterior symphyseal
angle of 78°, Lagar Velho 1 falls only 0.52 standard deviations from the Neandertal juvenile
mean, but it is 2.37 standard deviations below the earlier Upper Paleolithic one.
In these anterior symphyseal angle comparisons, it should be noted that the lowest
Qafzeh-Skhul angle, that of Qafzeh 10, is associated with a minimal projection of the mentum osseum anterior of the anterior mandibular corpus; the same minimal projection of the
mentum osseum applies as well to Sunghir 2. Předmostí 2 does not appear to have had a projecting mentum osseum, but the assessment of this is uncertain given the absence of sufficient symphyseal detail in Matiegka’s (1934) published photograph.
If the symphysis of the mandible is modeled as a solid beam and cross-sectional parameters are computed for it, the Lagar Velho 1 mandible has an angle (theta) of its maximum
second moment of area relative to the alveolar plane of 77° (Table 21-2). This value is close
to the top of the Neandertal juvenile range, being exceeded slightly by that of Pech-de-l’Azé
1, but it is also within the early modern human range, being slightly above that of Qafzeh 10
(Table 21-3). However, it is slightly below that of La Quina 25 and completely separate from
the value for Miesslingtal 1.

Table 21-2
Cross-sectional measures of the Lagar Velho 1 mandibular symphysis, modeled as
a solid beam and oriented relative to the alveolar plane
Total area (mm2)

299.6
4

Vertical second moment of area (Ix) (mm )

8415

Anteroposterior second moment of area (Iy) (mm4)
4

Maximum second moment of area (Imax) (mm )

8635

Minimum second moment of area (Imin) (mm4)

2152

Theta: orientation of Imax (degrees)

77°
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Table 21-3
Comparative symphyseal height/thickness indices and cross-sectional proportions
for Late Pleistocene juveniles. Comparative cross-sectional data derived from Upper
Paleolithic original specimens and resin casts of Middle Paleolithic specimens.
Symphyseal Index

I x / Iy

Imax / Imin

Theta

Lagar Velho 1

2.25

3.55

4.01

77°

Pech-de-l’Azé 1

1.95

3.80

4.50

78°

Barakai 1

1.93

–

–

–

Roc de Marsal 1

1.60

1.90

2.93

65°

Archi 1

1.63

2.94

3.68

75°

Molare 1

1.84

–

–

–

Devil’s Tower 1

1.84

1.95

3.25

64°

Šipka 1

2.14

–

–

–

Hortus 2

1.84

–

–

–

Teshik-Tash 1

1.86

3.34

5.22

71°

Malarnaud 1

2.02

2.74

4.27

69°

Skhul 1

(1.83)

–

–

–

Qafzeh 10

2.05

3.76

5.13

75°

Qafzeh 4

(1.74)

–

–

–

Qafzeh 11

2.14

6.93

7.09

87°

Miesslingtal 1

2.02

4.81

4.88

93°

La Quina 25

2.12

3.29

3.64

80°

Předmostí 2

1.86

–

–

–

Les Rois 1

1.75

3.25

3.43

98°

It is therefore apparent that the Lagar Velho 1 anterior symphysis retreated at an unusual angle for early modern human. Its anterior symphyseal angle is approached among early
or recent modern humans only by that of Předmostí 2, even though a few of the early modern human mandibles have values slightly less than 90°. The orientation of the full symphyseal cross-section places it in the middle of the range of overlap between the Neandertal
and early modern juvenile ranges of variation.

The Lingual Symphysis
Lingually (Fig. 21-6) there is a clear planum alveolare, which nonetheless slopes steeply
downward (Fig. 21-7). Descending from the alveolar plane is a central shallow sulcus, on the
symphyseal midline, and two parallel thin sulci, on either side of the central sulcus. The
superior shorter one is immediately below the trace of the symphyseal fusion line, and the
two lateral ones descend more inferiorly to the top of the depression for the genioglossal pit.
The genioglossal depression is a broad area, which contains a single, midline foramen
towards the top of the depression. There are no spines or tubercles associated with the
depression, but below the foramen to the level of the digastric impressions there is a small
vertical central crest of bone, with a double ridging at its top.
The left digastric depression (the right one is incomplete — Fig. 21-5) has clear anterior
and midline demarcations, less apparent but present lateral border, and rounds off evenly
posteriorly. It extends onto the basilar surface of the lateral tubercle, but it does not go as far
laterally as the tubercle. Its mediolateral breadth from the symphyseal midline is ca.7.5 mm.
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Symphyseal Cross-Sectional Proportions
The symphyseal height and thickness diameters of the Lagar Velho 1 mandible provide
it with a height-thickness ratio of 2.25, which is the highest index available for a Neandertal
or an early modern human. It is approached by Šipka 1, Qafzeh 11, Miesslingtal 1 and La
Quina 25, but it is well above the averages of the comparative samples (Table 21-3). The index
is not correlated with age among 2 to 12 year old recent humans (r2 = 0.025) or Late
Pleistocene specimens (r2 = 0.017), and there is no significant difference among the Late
Pleistocene comparative samples (ANOVA P = 0.610). The Lagar Velho 1 symphysis is therefore, based on these diameters, either relatively thin or tall.
A better assessment of bone distribution in the symphysis is available from comparisons of perpendicular second moments of area (modeling the mandibular corpus as a solid
beam) (Table 21-3). The Lagar Velho 1 values for Ix versus Iy and Imax versus Imin are moderately high, but they fall well within the zone of overlap of the ranges of variation of the
Neandertal and early modern human juvenile mandibles. The three comparative samples
approach significant differences in these values (P = 0.054 and 0.051 respectively); however, the differences are driven largely by the unusually high values for Qafzeh 11, since deletion of Qafzeh 11 from the sample changes the P-values to 0.221 and 0.461.

The Lateral and Medial Corpus
Despite bone loss associated with the postmortem break through the M1 crypt, most of
the lateral mandibular corpus is intact.

The Lateral Corpus
The lateral corpus (Fig. 21-2) decreases steadily in height from the symphysis to the
ramus, which is reflected in its height measurements (Table 21-1). It can also be approximated by the angles between the alveolar plane and the anterior corpus (between the lateral tubercle and M1) of 16° and between the alveolar plane and the full corpus (between
the lateral tubercle and the anterior margin of the medial pterygoid / masseteric rugosity) of 20°.
This anteroposterior tapering of the corpus is similar to those of Qafzeh 10 and 11,
Skhul 1, La Quina 25 and Předmostí 2, 7 and 25; it contrasts with the more parallel sided
corpori of Archi 1, Devil’s Tower 1 and Malarnaud 1. However, some degree of anteroposterior tapering is also evident in the Pech-de-l’Azé 1, Roc de Marsal 1 and Teshik-Tash 1 corpori, and the Miesslingtal 1 and Les Rois 1 mandibles have largely parallel-sided corpori.
This makes the difference between these samples in this feature more one of degree than
a clear difference.
The Lagar Velho 1 left mandible possesses a single mental foramen which enters the
lateral corpus inferiorly and slightly anteriorly. The opening is 3.1 mm anteroposterior and
ca.1.7 mm high. Its inferior margin is 14.0 mm below the alveolar margin, or 62.5% of the
distance from the alveolar margin to the basilar margin at the mental foramen.
The foramen is directly below the distal root of the dm1. Neandertal adults have been
noted to have mental foramina which are positioned on average relatively posterior vis-à-vis
the dentition (Trinkaus, 1993a), despite overlap in the ranges of variation between them and
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early modern humans (Stefan and Trinkaus, 1998a, 1998b). This reflects, indirectly, the relative dimensions of the dentition and the mandibular corpus (Trinkaus, 1993a). The same
relatively posterior position of the mental foramen has been stated to characterize immature
Neandertal mandibles as well, at least when compared to recent and Late Upper Paleolithic
immature mandibles (Coqueugniot, 2000), despite considerable overlap between the relevant Late Pleistocene samples. Since the position relative to the dentition changes with age
(Coqueugniot, 2000), it is best to compare Lagar Velho 1 to early juvenile specimens, ca.2 to
6 years of age.
All of the immature Neandertal and early modern human mandibles have the mental
foramina under the dm1 or the dm1-dm2 interdental septum. Among the Neandertals, the
foramina are found in 72.2% of the specimens in the more anterior position (N = 9),
whereas the more posterior position is slightly more common in the early Upper
Paleolithic sample (57.1%, N = 7). The two Qafzeh-Skhul specimens have the more posterior dm1-dm2 position. Consequently, there is little difference between these early juvenile
samples, and the dm1 position of the Lagar Velho 1 foramen fits easily within any of these
samples.
More posteriorly, there is a distinctive bulge around the crypt for the M1, which then
leads into a gently rounded lateral eminence.

The Medial Corpus
The medial corpus (Fig. 21-3) is gently rounded where preserved between the symphysis
and the dm2, swelling gently for the M1 crypt. There is no evidence of a mylohyoid line.

The Basilar Margin
The basilar margin is smooth mediolaterally, becoming more angled as it approaches
the ramus. It is gently convex inferiorly, becoming slightly concave inferiorly below the anterior ramus.

Dental Arcade Proportions
Neandertal juvenile mandibular dental arcades have been noted (Mallegni and
Trinkaus, 1997) to be relatively wide compared to those of recent humans, presumably as a
product of their absolutely larger anterior teeth. Indeed, the bi-external deciduous canine
breadth for five early juvenile Neandertals (32.2 ± 1.7 mm) is well above that of a recent
European similarly aged (2 to 6 years) sample (25.7 ± 2.2 mm, N = 27) (P < 0.001). However,
four early juvenile early modern humans, Miesslingtal 1, La Quina 25, Qafzeh 10 and Skhul
1, provide measurements of ca.28.0 mm, ca.30.0 mm, 31.5 mm and 30.1 mm. In contrast,
the estimated value for Lagar Velho 1 (taken by doubling the distance from the midline, as
indicated by the symphysis) is only ca.26 mm, well below the Late Pleistocene values and
similar to the recent humans.
Similarly, Neandertal early juveniles have bi-dm1 arcade breadths (43.8 ± 2.0 mm,
N = 5) well above a recent juvenile sample (35.9 ± 2.1 mm, N = 26) (P < 0.001); Lagar Velho
1 has a modest estimated value of ca.38 mm. Early modern humans provide values of ca.37.0
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mm for Miesslingtal 1, ca.40 mm for La Quina 25, 43.2 mm for Qafzeh 10 and 43 mm for
Skhul 1, thereby placing Lagar Velho 1 among the European early Upper Paleolithic values
but below those of the Qafzeh-Skhul juveniles.
If the proportions along the arcade are estimated using these two measures, the recent
human sample provides a bi-dc1 to bi-dm1 index of 71.2 ± 3.5 (N = 26), whereas the
Neandertal early juveniles have an index of 73.6 ± 2.3 (N = 5) (P = 0.083). Early modern
human values are generally similar, with values of 75.7 and 75.0 for Miesslingtal 1 and La
Quina 25, and values of 72.9 and 70.0 for Qafzeh 10 and Skhul 1. Lagar Velho 1 provides the
lowest fossil index of 68.4, approached only by that of Skhul 1. The Lagar Velho 1 mandible
therefore exhibits an especially anteriorly narrow dental arcade, whether compared to
Neandertal or early modern human juveniles.

The Ramus
The Lagar Velho 1 mandibular ramus is complete except for the tip of the coronoid
process and the condyle. However, the posterior portion of the mandibular notch is spreading out close to the condyle at the break, indicating that the edge is very close to the anterior margin of the condyle.
The crest for the mandibular notch is in line with the middle of the superior mediolateral enlargement of the condylar neck for the condyle. However, it is difficult to determine whether this indicates that the condyle was laterally placed relative to the crest, as it
is in 27.3% of Neandertal adult mandibles (N = 11) but none of the European early modern
humans (N = 13) (Stefan and Trinkaus, 1998b), given the impossibility of determining the
actual position of the condyle versus the lateral tubercle on the condylar neck. Moreover,
the central position of the crest relative to the condyle is common among juvenile recent
humans, and the more lateral position of the crest relative to the condyle only becomes
common later in development (Rhoads and Franciscus, 1996; Coqueugniot, 1999; Jabbour
et al., 2002).
The gonial area is evenly convex, along a chord of ca.22 mm, bordered by slight concavities inferiorly below the coronoid process and posteriorly in the middle of the ramal
height in norma lateralis. The inferior margin curves slightly laterally, and the superoposterior margin curves slightly medially, giving the gonial plane a modest twist, or more vertical
orientation, relative to the more laterally leaning ramus.
The coronoid process was probably originally slightly above the mandibular condyle.
Relative to the laterally diverging ramus, it is curved anterolaterally, placing it close to a
parasagittal plane of the mandible as a whole.
The lowest point on the mandibular notch is located 11.5 mm posterior of the anterior
coronoid margin, which is about 40% of the way along an estimated 30 mm anteroposterior diameter across the coronoid process and condyle. The lowest point was therefore in the
middle of the notch, an arrangement present in both Neandertals and early modern humans
if more common in the latter (Stefan and Trinkaus, 1998b).

The Lateral Ramus
The lateral ramal surface is gently concave, with no clear masseteric markings. Its posterior margin slopes posteriorly at an angle of 103° relative to the alveolar plane.
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The Medial Ramus
On the medial coronoid process, there is a distinct swelling for the entocoronoid
crest, extending superiorly from the M2 crypt. The M2 crypt is largely within the ramus,
with its middle along the anterior ramal margin. The inferior border of the crypt is at the
level of the alveolar plane of the deciduous dentition and M1. There is, as expected in a
young juvenile, no trace of the M3 crypt.
There is a distinct rugosity for the medial pterygoid muscle attachment along the
medial side of the gonial angle, represented primarily by a raised but rounded eminence
extending up to 8 mm from the gonial margin. The rugosity is located just below the
superior margin of the convex gonial margin, and it therefore fits the description of a
medial pterygoid tubercle (Rak et al., 1994). It tapers off superiorly on the posterior
ramal margin and anteroinferiorly around the angle. This swelling represents a modest
medial pterygoid tubercle, similar to those in many early and recent modern humans
and contrasting with the more rugose ones in some Neandertal juvenile mandibles.
However, contra Rak et al. (1994), this feature is present in both Neandertal and modern
human immature mandibles and it is principally the degree of development of the tubercle that may be seen to differentiate them. Moreover, there is variability in the degree of
development of this feature within the Neandertal immature sample (Coqueugniot,
1999).
The mandibular foramen is represented by three foramina on the medial ramus
(Fig. 21-3). There is a large one posteroinferior of the lingula, opening posterosuperiorly, which probably represents the primary mandibular foramen. It is smooth from above
but has a sharp anteroinferior margin. The vertical diameter of the foramen is 3.0 mm,
its height above the alveolar plane is ca.5 mm, and it lies ca.14 mm below the mandibular notch. The second foramen lies 4.5 mm above the first and slightly posterior of it.
It is 1.8 mm high and appears to communicate with the posterior wall of the exposed
M2 crypt. The third foramen is much smaller and lies ca.5 mm posterior of the primary
foramen.
The associated lingula is a small process immediately superior to the primary foramen, which is minimally disengaged from the medial ramal surface. There is no covering of the canal of the lingular form, but the mylohyoid groove is completely covered
over with the bridging form (see Jidoi et al., 2000). Such a combination of covering of
the canal is found in both Neandertal and early modern human mandibles (juvenile and
mature) (Frayer, 1993; Stefan and Trinkaus, 1998a, 1998b; Jidoi et al., 2000).

Summary
The Lagar Velho 1 mandible therefore presents a series of features that fall within the
morphological range of overlap of late archaic and early modern human juvenile
mandibles. These include primarily features of the lateral corpus and the ramus, but also
of the overall proportions of the symphysis. At the same time, the presence of a distinct
and prominent mentum osseum clearly aligns it with early modern humans, to an extent
more so than those of some of the other early modern human juveniles with their more
modestly projecting anteroinferior symphyses. This is combined with the narrow anterior dental arcade, a feature probably related to the modest dimensions of its permanent
anterior teeth (Chapter 24). Yet, despite the prominent mentum osseum, the mandibular
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symphysis retreats at an angle which is exceptional for an early modern human and outside of the range of variation of recent human juvenile mandibles. It is approached in this
by a couple of early modern human mandibles, particular the ones from Qafzeh 10 and
Př edmostí 2, but it is quite distinct from the earlier Upper Paleolithic Balla 1, Miesslingtal
1, La Quina 25 and Př edmostí 7 and 24 juvenile mandibles in this feature, as well as from
the older Př edmostí 25, Qafzeh 11, Les Rois 1 and Sunghir 2 and 3 mandibles.
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| The Computer-Assisted
Reconstruction of the Skull

❚ CHRISTOPH P.E. ZOLLIKOFER ❚ MARCIA S. PONCE DE LEÓN ❚ FRANCISCO ESTEVES ❚
❚ FLORBELA TECELÃO SILVA ❚ ROSA PACHECO DIAS ❚

It is a paradox of paleoanthropology that many of the most valuable fossil human specimens owe their discovery to massive earthwork in a context not directly related to science. The
exploitation of raw materials and road construction not only led to the fortuitous exposure of
many fossils to the attentive eyes of workmen, but also to their partial physical destruction, a
situation which probably represents just another version of the physical theorem that the
process of gaining knowledge about an object inevitably alters that object. From this perspective, the Lagar Velho find is a further case in a long chain of prominent specimens (Forbes’
Quarry, Feldhofer, Mauer, Taung, Broken Hill, etc.), the discoveries of which were accompanied by at least some deterioration of the original fossil material.
Here we report on the non-invasive virtual reconstruction and morphometric analysis of
the skull of the Lagar Velho 1 specimen. This reconstruction represents the first stage in the
computerized restoration and recomposition of the entire skeleton. Recent developments in
computer-based technologies have opened up new ways of non-invasive data acquisition,
preparation, reconstruction and morphometric analysis of fossil specimens (Zollikofer et al.,
1995, 1998). The ensemble of concepts and methods, which is subsumed under the term
“computer-assisted paleoanthropology” (CAP), comes into bearing in various respects and at
various stages of the reconstruction of the Lagar Velho 1 skull. Among issues of practical significance are the fragmentary and brittle state of preservation and the deformation of the cranial remains, which limit physical reconstruction. Theoretical issues concern the reliability and
reproducibility of the virtual reconstruction, as well as the methods used for comparative morphometric analysis of the reconstructed morphology.
Computer-assisted reconstruction of a fossil specimen is more than putting together a
large 3-dimensional jigsaw puzzle in which a major part of the original pieces are lost or deteriorated. It essentially consists of reversing the order of temporal events that contributed to the
disintegration, deformation and deterioration of the individual after its death (Ponce de León
and Zollikofer, 1999). “Undoing” these diagenetic effects on the computer screen eventually
leads back towards the state of the individual’s skeleton at the time of death. It is evident that
this state cannot be fully recovered in a fragmentary specimen, as every reconstructive step,
whether physical or virtual, is based upon a set of biological and geological assumptions, which
imply inferences of interpolatory and extrapolatory nature. Therefore, this chapter not only consists of a presentation of the inferred state of the fossil at death, but also of a detailed account
of the concepts, models, assumptions, methods and manipulations used during the process of
reconstruction. Following a statement of Virchow “we must distinguish exactly three points:
That which is left as skeletal remains; that which can be concluded from the circumstances of
the discovery; and that which one conjectures” (Virchow, 1939). Here we use computer tools
to distinguish between the three points, adopting the classic criteria of experimental science,
i.e. the proposition of testable hypotheses and reproducible procedures. This approach is open
to point-by-point verification by other scientists and is therefore especially important in the present context, where the recovery of the fossil cranial morphology is central to the specimen’s
comparative analysis and interpretation.
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Volume Data Acquisition with Computer Tomography (CT)
Computer tomography (CT) is an X-ray-based scanning technique used to generate
serial cross-sectional images through 3-dimensional objects. The method is widespread
in industrial applications such as materials testing and reverse engineering; likewise, it
has become a standard diagnostic tool in the medical clinical environment. As in classical imaging technology such as photography, CT devices must be tuned to the size and
the material properties of the objects under scrutiny, as well as to the purpose of the
application. Industrial scanners typically work at higher X-ray intensities and at higher
resolutions than medical scanners, permitting, for example, the analysis of cracks in jet
engines (Lüthi et al., 1998). In medical diagnostics, on the other hand, a compromise
must be found between the X-ray dose applied and the quality of the image (resolution
of detail and contrast). Obviously, the CT analysis of a fossil specimen is less constrained by the X-ray dose than that of a living patient, such that it is possible to go to
the limits of resolution of the scanning device (Zonneveld and Wind, 1985; Spoor et al.,
1993). The spatial resolution of a medical scanner — which is tuned to the size and
material properties of a human body — is around 0.2 mm within each image (i.e. in x
and y directions), and ca.0.5 mm in a direction perpendicular to the cross-sectional
planes (z-direction). A medical CT image is typically reconstructed as a 512 x 512 pixel
matrix (x,y), such that a minimum diameter of the field of view of ca.100 x 100 mm can
be achieved.
The CT data acquisition on the Lagar Velho skeleton was performed with two principal purposes. The first was to obtain volume data, which permit the electronic preparation, isolation, 3-dimensional reconstruction and virtual (graphical) representation of the
original fragments and, likewise, of internal skeletal structures such as the inner ear and
the unerupted permanent dentition. The second purpose was to provide cross-sectional
images at a diagnostically relevant level of detail for further analyses of skeletal structures
such as the state of fusion of sutures, the cortical thickness of the cranial vault and the
long bones, etc..
The specimen was CT-scanned at the Curry Cabral Hospital in Lisbon with a Picker
PQ 5000 medical computer tomograph. During the first session in July 2000, data were
acquired from the complete fossil material, except for some small unidentified fragments and the very fragile incomplete epiphyses of the hand and foot bones. To make
optimum use of the available field of view (and reduce the total amount of data), smaller items were embedded together in styrofoam boxes, stacked on top of each other and
scanned simultaneously. The scanning parameters were adjusted to yield maximum spatial resolution and minimum image distortion. The smallest possible scanning diameter
was chosen (240 mm). Considering the small size and/or thickness of the fossil fragments, and their low degree of mineralization, the X-ray tube energy was set to a low
value (65mA). Data acquisition was performed with the helical scanning option (1 mm
helix pitch, 1 mm slice thickness). For the inner ear region, sequential slice data were
acquired at a slice thickness of 1 mm and an increment between cross-sectional planes
of 0.5 mm. The raw data (X-ray attenuation profiles) were saved for subsequent reconstruction of serial cross-sectional images (512 x 512 pixel matrix) at various magnifications (0.2-0.45 mm per pixel) and using various backprojection filter options (standard
and bone filters). To avoid sampling errors in regions where surfaces of the scanned
objects are nearly parallel to the image plane, the cranial parts were scanned twice with
orthogonal orientations.
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The Present State of the Cranial Remains and their Physical Reconstruction
First and foremost, it was necessary to re-assemble the approximately 200 cranial fragments, which were dispersed over an area extending about 10 m along the shelter wall. The
physical reconstruction, which was chiefly carried out by ET (see Chapter 17), yielded three
major parts of the skull, each of which was composed of a large number of small fragments.
An assemblage of isolated fragments, mostly from the cranial vault, was left for further integration into the anatomical ensemble. In July 2000, MPL, ET, RGF and CPEZ undertook a
renewed attempt to screen these fragments and attribute them to cranial subregions, taking
into account morphological parameters such as the degree of ochre pigmentation (which
varies in intensity over the cranial surface), the overall thickness of the bone, the presence
of features such as sutural borders, endocranial impressions of meningeal vessels, sinuses
and cortical gyri, and external characteristics such as traces of muscular insertions and pits
in the bone. During this process, several key pieces could be identified, which permitted the
establishment of anatomical contacts between the 3 large cranial pieces. These small fragments comprised parts of the right temporoparietal wall of the cranial vault including the
sigmoid sinus, the occipital region from the sagittal sinus (endinion) down to opisthion and
the left margin of the foramen magnum, and parts of the apical cranial vault in the frontoparietal region.
The recomposed cranial vault is wide and low in its present physical reconstruction,
exhibiting a morphology which clearly deviates from the normal anatomical condition
(Figures 15-1 to 15-5 and 22-3). Two potential causes of distortion had to be taken into consideration. The first is reconstructive “error propagation,” which has resulted from minor errors
in orientation and position during the process of fitting together the numerous smaller fragments into the larger ensemble. It can be expected that during this process positional errors
increase towards the periphery of the larger pieces. The second cause of distortion is taphonomic deformation, which may have affected different parts of the skull to different degrees.
During assessment of the relative contributions of reconstructive versus taphonomic deformation to the present state of the fossil, the structure of the cranial fractures yielded important clues; since the specimen was recovered relatively soon after its accidental exposure, the
recent fractures are in a good state of preservation and exhibit only minor signs of erosion. It
is therefore possible to discern between fractures caused by the recent disturbance of the sediments and those of earlier, diagenetic origin. While recent fractures are characterized by their
sharp edges permitting the establishment of tight contacts between adjacent fragments, in
situ fractures can be identified through their partial erosion and concomitant staining with
red ochre, as well as their incomplete fit with neighboring fragments. While in situ fractures
separate larger areas of the cranial vault from each other, the earthmoving yielded many small
fragments. The fact that the three recomposed cranial pieces could be fitted to each other
without substantial modification indicates that the present physical reconstruction reproduces the in situ state of the cranial vault with fair precision.
Unfortunately, only minor parts of the midface of Lagar Velho 1 are preserved, among
them fragments of both zygomatic bones, vestiges of the lateral orbital rims, the maxillary
dentition and the maxillae and one nasal bone around the skeletal nasal aperture. It is
important to inquire after the causes and processes that led to loss of this key region of the
skull. Many factors speak for extensive diagenetic loss of the facial anatomy, followed by
recent disintegration of the scant remains. A comparative analysis of the state of preservation of immature facial skeletons in Mousterian and early Upper Paleolithic specimens
reveals that the maxillofacial region is typically badly damaged or at least not well preserved.
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This condition might be attributed to their peculiar anatomy. Notably in children, the facial
skeleton consists of thin-walled structures supported by an intricate framework of strut-like
elements, such as the nasal rim, the zygomatic arch and the maxillary pillars. Despite the
apparent delicacy of the maxillofacial skeletal elements — which is in seeming contrast with
the considerable levels of strain occurring during mastication — their spatial arrangement
provides optimum biomechanical conditions. However, during fossilization, these thinwalled structures are readily eroded, thus promoting the disintegration and collapse of the
facial skeleton.

Taphonomic Scenario and Assessment of Deformation
Any quantitative attempt at correction of taphonomic deformation in a fossil must start
with the reconstruction of the in situ position of the specimen and the inference of the temporal sequence of diagenetic events that led to the observed deformation. With these data,
the virtual specimen can then be positioned “in situ” on the computer screen, and taphonomic forces can be simulated in reverse spatial and temporal order to recover the original
morphology. It is evident that these procedures remain tentative, as the complexities of the
diagenetic history can only be reconstructed incompletely, and because principal limitations
are imposed onto the correction of deformations (Ponce de León and Zollikofer, 1999).
From a biomechanical perspective, bone embedded in sediments can respond in two
ways to loading: (a) it tends to fracture along lines of maximum strain; later, the isolated
fragments become dislocated through drift and compaction of the embedding sediments; (b)
it may undergo plastic deformation without substantial fracturing. During the latter process
of dissolution and re-mineralization, the bony tissue behaves like a ductile material, which
yields to the applied forces. As was shown in a theoretical model (Ponce de León and
Zollikofer, 1999), the reconstructed 3-dimensional morphology of a fossil skull permits
inferences on its diagenetic history. Under scenario (a), the recovered morphology — however incomplete it may be through partial loss of fragments — can be expected to be relatively undisturbed with respect to bilateral symmetry, while under scenario (b), the fossil is
expected to exhibit substantial deviation from symmetry. Using computerized methods,
such left/right discordance can be assessed and measured by superposition of parts from
one side with their mirror-imaged counterparts.
In the physical reconstruction of the Lagar Velho 1 cranial vault, the effects of both scenarios, fragmentation and deformation, are clearly discernible. Given the immature state of
the specimen, interosseous sutures may have represented a primary location for disintegration. The physical mismatch between the parietal and frontal portions along the left coronal
suture (see Chapter 17), as well as the partial mismatch between the larger in situ parts of the
cranial vault, further indicates that disintegration through fracturing and dislocation of parts
preceded plastic deformation. Mirror-image comparisons between the left and right temporoparietal regions reveal overall flattening on the left side, which was clearly bent out of
natural shape through plastic deformation rather than disintegration into fragments.
Following this tentative reconstruction of the temporal sequence and nature of the diagenetic events, their spatial properties must be taken into consideration. As the in situ state
of the Lagar Velho 1 skull was disturbed, it must be inferred from those cranial remains,
which remained untouched during earthmoving, mainly the left temporal region of the skull
and the mandible. The excavation protocols show that the skull was lying on its left side on
the floor of the burial pit, such that it can be presumed that the right semi-profile was
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exposed to the surface (which might be the cause of the major dislocation of these parts from
their in situ location). During fossilization, compressive forces exerted by the overlaying strata elicited reactive forces by the compacted ground, resulting in the observed flattening of
the left side of the cranial vault. Simultaneously, the right side collapsed into the endocranial cavity, during which process it was fractured rather than deformed.

Computer-Assisted Reconstruction
Algorithmics of Reconstruction
The following data sources were now available for the computer-assisted reconstruction
of the craniomandibular morphology: the 3-dimensional virtual representations of the isolated fragments, the information on their physical state of preservation, and the inferred
sequence of taphonomic events. Computerized reconstruction was carried out according to
the following pre-defined sequence of tasks:
1. Re-establish preserved anatomical connections between adjacent fragments (e.g.
along lines of fracture, sutures, synchondroses, dental occlusion, temporomandibular joint, etc.).
2. Complete missing regions on one side with mirror-imaged counterparts from the
other side.
3. Place isolated fragments/regions in anatomical space according to three criteria: (a)
general anatomical standards (e.g. bilateral symmetry, the topographical relation
between various anatomical structures), (b) the inferred symplesiomorphic state of
the anatomy (e.g. the orientation of the semicircular canals of the inner ear, the relation between cranial foramina), (c) comparative data on anatomical structures from
a sample of better-preserved specimens.
4. Interpolate bilaterally missing regions with data from a comparative sample (in the present case: a sample of modern human and Neandertal child crania, both representing
variation in geographical location and time; Ponce de León and Zollikofer, 2001).
5. Assess and correct taphonomic deformation according to pre-defined diagenetic scenarios.
This “algorithm” of fossil reconstruction can be compared with the solution of a mathematical system of equations with many more unknowns than independent equations. To find
a solution, one starts with “intelligent guesses” of the initial values of some variables and iterates the system until some point of convergence is reached. Likewise, each isolated fossil fragment has six degrees of freedom of movement in anatomical space (3 translational, 3 rotational), and each fragment’s initial position and orientation must be set by “anatomical guess”.
During the process of computerized reconstruction, some of these variables can be fixed at a
given value, while others depend on the position/orientation of neighboring fragments, such
that a consistent solution can only be found after several iterations of the reconstructive algorithm. Hence, the basic strategy of reconstruction consists of the gradual elimination of
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degrees of freedom, using standard anatomical references and clues wherever possible, and
generating partial solutions in the form of anatomically consistent subunits. Reconstructed
subunits such as the mandible, cranial base, vault and face can then be positioned relative to
each other and checked for anatomical consistency. Any inconsistency must then be tracked to
its origins and corrected by repeating and/or improving the reconstruction of the subunits.
Computerized methods greatly facilitate this iterative approach. Fossil fragments can
be placed in virtual space without the need of connective and supporting structures, and subsequent rearrangements can be done without the risk of physical impairment. “Screen
shots” of preliminary stages of the computerized reconstruction can be exchanged and discussed via the Internet. Most importantly, the criteria used to orient and position fragments
in space (exploiting intrinsic and/or general anatomical information) prevent the reconstruction of pre-conceived morphologies. The reassembly of the virtual fragments was effected on a Silicon Graphics Onyx II workstation with the software tool kit FoRM-IT, using
mouse-guided interactive tools to shift and rotate individual parts along user-defined paths
and axes. Using stereo-viewing equipment (Crystal Eyes® stereo glasses), it was possible to
perform complex manipulatory tasks on the computer screen with a high degree of perceptual reality. Spatial vision proved to be particularly useful to check the anatomical continuity
of surfaces composed of various isolated fragments and, likewise, to re-establish dental
occlusion. To achieve a high degree of reproducibility of the whole process of reconstruction,
MPL and CPEZ performed several independent reconstructions over several months and
exchanged preliminary results with other team members (ET, CD, JZ) for crosschecking.

Mandible
The reconstruction started with re-establishment of the morphology of the jaws. This
approach was chosen in analogy to reconstructive surgery of severe craniofacial trauma,
where reconstitution of the dental arcade yields the most reliable clues for facial reconstruction (Figure 22-1). Since most of the left ramus and the symphyseal region of the Lagar
Velho 1 mandible is preserved, it was possible to restore its original morphology with fair
precision. The graphical representation of this fragment was positioned and oriented in
anatomical space along its presumed midsagittal plane. A mirror image was then created,
and both parts were rotated around infradentale (the midsagittal point on the labial alveolar
margin) until optimum matching between the overlapping original and mirror-imaged symphyseal regions was achieved. The procedure of match merging showed that the mandible
exhibits mild asymmetry in the symphyseal region. Since this condition can be observed frequently in modern humans, it is thought to represent the in vivo state of the fossil.
The mandibular condyle is not preserved on the original left side. As an important prerequisite for the subsequent reconstruction of the cranial breadth at the temporomandibular joint, it was necessary to provide an estimate of the position of the condyles relative to the
rami. Comparative data from Neandertal and modern human mandibles of similarly aged
individuals show that there is considerable variability in the anteroposterior position and orientation of the condyles as well as in their height above the alveolar plane and relative to the
coronoid processes. However, the mediolateral position of the condyles appears to be more
closely coupled to the orientation of the ascending rami. At this stage of the reconstruction,
the virtual completion of the condyles yielded a fairly precise estimate of the mandibular
condylar breadth, while the anteroposterior and craniocaudal position of the condyles needed re-assessment during the reconstruction of the face (see below).
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FIG. 22-1 – Reconstruction of the mandible and dental occlusion. a: mirror-image completion of the right corpus and ramus; bd: insertion of the mandibular deciduous dentition, establishment of occlusion with the isolated maxillary deciduous teeth
and extrapolation of the mandibular condyles; e: some variation of mandibular size and shape in modern humans of
comparable dental age (4-5 years). Scale bar is 5 cm.
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FIG. 22-2 – Reconstruction of the cranial base. a: re-establishment of the temporomandibular joint (right temporal bone is
transparent to show the position and orientation of the labyrinthine cavities); b, c: reconstruction of the foramen magnum
(vertical and caudal views, respectively; mirror-image completions are transparent); d: shape variation of the foramen
magnum in modern humans of comparable dental age (4-5 years). All specimens are oriented in the vestibular plane (i.e. the
plane formed by the lateral semicircular canals). Scale bar is 5 cm.
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Following the reconstruction of the mandibular corpus and rami, the deciduous
mandibular teeth — which were CT-scanned as isolated items — were repositioned in their
sockets. This complex navigational task was performed using stereo glasses and visualizing the mandibular corpus as a transparent object. The precise reconstruction of the dentition was an important prerequisite for the re-establishment of occlusion with the maxillary deciduous dentition (see below). It was possible to re-establish occlusion between the
mandibular dental arcade and the isolated maxillary deciduous dentition (see below: reconstruction of the face).

Temporal Bones
Having established the tentative position of the mandibular condyles in anatomical
space, it was possible to reconstruct the right temporomandibular joint by adjusting the
glenoid fossa of the preserved petromastoid fragment (Figure 22-2a). Through this action,
the three translational degrees of freedom of the temporal bone were fixed. To determine
its rotational components, the well-preserved cavities of the inner ear served as an anatomical compass. The temporal bone fragment was rotated on a vertical axis through the glenoid fossa until the upper and posterior semicircular canals each subtended an angle of
ca.45° relative to the midsagittal plane of the skull. This orientation corresponds to the
basic condition found in the mammalian skull (Delattre and Fenart, 1960). The orientation
of the vestibular plane, as defined by the lateral semicircular canal (Delattre and Fenart,
1960; Spoor and Zonneveld, 1995), was assumed to be perpendicular to the midsagittal
plane. However, since the orientation of the inner ear with respect to both the midsagittal
and the alveolar plane is relatively variable in modern humans, these remaining degrees of
rotational freedom were fixed only tentatively. Subsequently, the left temporal fragment
(whose petrous portion is not preserved) was oriented and positioned according to its mirror-imaged counterpart.

Basicranium
The occipital portion of the cranial base is preserved as a suite of fragments from
the left and right sides, the completion of which through mirror-imaging permitted
reconstruction of the shape and position of the foramen magnum (Figure 22-2b,c). The
basilar part is represented by two fragments joining along a fracture perpendicular to the
sphenobasilar synchondrosis. The fragment on the left side extends towards the
hypoglossal canal. An additional fragment from the right side preserving the condylar/hypoglossal region and delimited anteriorly by the interbasilar synchondrosis was
mirror-imaged to the left side to establish anatomical continuity with the lateral rim of
the foramen magnum towards opisthion. The resulting morphology of the foramen
shows a conspicuous constriction at the interbasilar synchondrosis. As can be verified in
a comparative sample of modern humans, this morphology occurs relatively frequently
in immature specimens (Figure 22-2d). The position and orientation of the foramen
magnum relative to the temporal pyramids is determined by the anatomical connection
of its left margin with the occipital squama, and the anatomical continuity of the latter
with the left temporal squama.
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Cranial Vault
A graphical representation of the integral cranial vault in its physical state of reconstruction was placed on the right temporomandibular joint, using the position of the temporal bone established previously (Figure 22-3). The resulting morphology was used to
assess the amount and direction of deformation present in the cranial vault. A series of
anatomical clues was used to determine deviations from natural anatomical conditions.
First, the breadth of the cranial vault had to fit the reconstructed breadth of the temporal
squamae, as resulting from the previous reconstruction of the temporomandibular joint.
Second, the interparietal suture as well as the preserved parts of the left and right lambdoid
sutures were used as indicators of the midsagittal plane of the vault. Additional clues were
given by the morphology of the internal occipital protuberance and the preserved parts of the
sagittal sinus (this region is somewhat prone to natural deviations from symmetry, notably
through the often unequal constitution of the left and right transverse sinuses).

FIG. 22-3 – Reconstruction of the cranial vault. a: frontal view; b: vertical view (crossed stereo pairs). In its physical state
(transparent), the vault exhibits non-linear deformation. Decomposition into smaller parts (see Figure 22-5) followed by
recomposition of the fragments yields a provisional reconstruction of the cranial vault (solid). Arrows point from the original
anatomical landmarks to their corresponding landmarks in the reconstructed morphology, showing the amount and
direction of taphonomic deformation. These landmarks are used to define a Thin Plate Spline interpolation function, which
performs a smooth deformation of the original vault into the reconstructed morphology. Scale bar is 5 cm.
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The evidence provided in Figure 22-3, as well as left/right comparisons of preserved
contralateral regions, revealed that taphonomic deformation resulted in a general flattening
of the vault in the transverse direction, such that the coronal radius of curvature was unnaturally large. At the same time, however, the skull underwent bending in an anteroposterior
direction, resulting in a comparatively small sagittal radius of curvature in the occipital
region. To correct the deformation, the vault was decomposed along in situ cracks into several independent fragments. These fragments were then recomposed and re-adjusted relative to each other, observing the clues and criteria of fit established beforehand. This process
turned out to be extremely time-consuming, as the reorientation of single fragments often
entailed major rearrangements of the whole morphology. After several iterations, however,
a satisfying solution could be reached, in which most of the actual anatomical contacts were
preserved and bilateral symmetry was restored.
Up to this point of the reconstruction process, isolated fragments were submitted only
to translations and rotations, which affected their orientation and position relative to each
other but not their individual shape. Since many fragments are bent out of shape due to
taphonomic deformation, this state of the reconstruction exhibited various discontinuities
across fracture lines, which were introduced when adjacent fragments were readjusted to fit
into the overall morphology of the cranial vault (see model in Figure 22-4). To tentatively correct the effects of taphonomic deformation and re-establish a smoothly curving cranial vault,
thin plate spline (TPS) morphing (Bookstein, 1991) was applied. The procedure consists of
two basic steps, which are illustrated in Figure 22-4. A set of 3-dimensional landmarks is
placed on the cranial vault, and their 3-dimensional coordinates are determined before and
after the reconstruction. The positional changes of the landmarks are used to define a TPS
function, which performs a smooth interpolation of the original (deformed) morphology
into the reconstructed morphology (Figure 22-3).
The resulting “smooth” reconstruction was fairly symmetrical with respect to the midsagittal plane. Most importantly, its overall shape deviates considerably from the physical
state of preservation of the morphology. Considering the extremely fragmented state of the
vault at the time of discovery, this reconstruction might come as close as possible to the original morphology of the individual at the time of death. However, it should be kept in mind
that the recovered shape of the cranial vault is hypothetical, given the hypothetical nature of
any correction of non-linear deformation.

FIG. 22-4 – Correction of non-linear taphonomic deformation in the cranial vault. a: determination of landmark positions (x1 x4) on the original deformed morphology; decomposition along fracture lines and preliminary reconstruction, resulting in
landmark positions (x1’ - x4’); note discontinuities across fractures. b: thin plate spline interpolation x → x’ is used to correct
deformation and achieve an evenly-curved surface.
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FIG. 22-5 – Final reconstruction. Standard anatomical views, orientation in Frankfurt plane. Parts completed with mirrorimages of contralateral regions are transparent (the original left mandibular fragment is transparent to show the developing
permanent dentition). Scale bar is 5 cm.
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Face
The facial anatomy is represented by fragments from the nasal, orbital and frontal
regions and most of the deciduous dentition. Since no direct anatomical contacts exist
between these parts, various anatomical topographical clues were used to evaluate their position and orientation relative to each other and to place them in anatomical space. As described
above, the maxillary deciduous teeth were placed in functional occlusion with their mandibular counterparts. The resulting upper dental arcade yielded quantitative estimates of the overall dimensions of the maxillofacial region (notably its width, height and degree of projection),
which could be used during the subsequent reconstruction of the bony parts (Figure 22-5).

Table 22-1
Craniometric data of the reconstructed skull, in millimeters unless noted otherwise.
Midsagittal dimensions

glabella - opisthocranion

175

gnathion - prosthion

38

nasion - prosthion

46

nasion - bregma chord

100

nasion - bregma arc

115

bregma - lambda chord

115

bregma - lambda arc

130

lambda - opisthion chord

94

lambda - opisthion arc

115

lambda - inion chord

62

inion - opisthion chord

43

opisthion - basion

33

inion - basion

70

basion - gnathion

83

basion - prosthion

82

basion - nasion

88

basion - bregma

114

basion - lambda

106

Transverse dimensions

euryon

140

frontomalare orbitale

83

foramen magnum

26

gonion

69

2

44

dm2

48

pterion

114

porion

89

asterion

98

dm

Volume

endocranial volume

1300 - 1350 cc

See text and figures for the degree of reconstruction inherent in each landmark.
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The preserved left nasal bone and left/right maxillary fragments permitted reconstruction of the nasal aperture using procedures of mirror imaging and match-merging similar
to those described for the reconstruction of the mandibular morphology. On the inferior
aspect of the right nasomaxillary fragment, the apical part of the crypts for the developing
permanent medial and lateral incisors are preserved. These crypts are typically situated superiorly and slightly posteriorly relative to the functional deciduous incisors, in a free space
between the tips of the roots of the deciduous dentition and the nasal floor. In addition, the
degree of maxillary projection is constrained by the position and orientation of the deciduous incisors. These topographical relations were taken into account to position the reconstructed piriform aperture relative to the deciduous dental arcade.
Mirror-imaging and match-merging techniques were used to reconstruct the orbital
region in the following way: A small fragment from the left lower orbital rim was mirrorimaged to the right side to establish anatomical continuity with the maxillary, zygomatic and
frontal portions of the orbit. The free-floating left frontal orbital fragment could then be
adjusted relative to the more complete right side. Finally, the isolated fragment from the
metopic region of the frontal bone was placed relative to the face and cranial vault. Since
major landmarks such as nasion are not preserved on this fragment, the frontal (endocranial) crest was used to determine its position relative to the remnants of the anterior cranial
fossa preserved on the internal aspect of the left and right fronto-orbital fragments. In a final
step, the anteroposterior position and inclination of the entire facial complex together with
the mandible was adjusted relative to the coronal region of the cranial vault and to the temporomandibular joints reconstructed earlier.

Morphometric Analysis
The 3-dimensional virtual reconstruction of the Lapedo child’s skull represents an ideal
basis for the acquisition of various types of morphometric data, which can subsequently be
submitted to comparative morphometric analyses. In computer graphics terms, the 3D
information of the fossil is represented as a graph, i.e. a set of 3D coordinates of surface vertices (points), together with a description of the neighborhood relationships between these
vertices (specifying the topology of the surface structures). The basic units of information
that can be retrieved from the graphical representation are therefore 3D coordinates of
anatomical landmarks. Applying techniques of differentiation and integration to the graph
permits the acquisition of higher-order morphometric data such as distances and angles
between anatomical landmarks, surface areas, surface curvature, bone thickness, and
endocranial volume. Virtual morphometry is used here with two aims. The first is to provide
a set of classic craniometric measurements, which may serve for further comparative analyses and which have been used to a limited degree in Chapter 17. These data are presented in
Table 22-1. To estimate the endocranial capacity, a complete endocast from a modern
human child’s skull (dental age 4 years) was morphed into the fragmentary endocranial
space of Lagar Velho 1. To this end, a set of anatomical landmarks was determined on both
specimens. The landmark correspondence was then used to define a thin plate spline interpolation function to perform the morphing between the two specimens (see comparisons in
Chapter 17).
The second aim of virtual morphometry is to provide a preliminary comparative analysis of the reconstructed craniomandibular morphology, using methods of “geometric morphometrics” (Bookstein, 1991; Dryden and Mardia, 1998). The principal thrust of this
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branch of morphometry lies in the integration of the real-space geometric properties of biological structures into multivariate analyses. The correspondence between biology and
geometry is established by the spatial configuration of anatomical landmarks, which are
explicitly chosen to represent locations of biological and geometric homology. In geometric morphometrics, the form of each specimen, as given by its landmark configuration, has
two basic constituents, size and shape, i.e. the extent and the geometry of the configuration,
respectively. As a measure of size, Centroid Size S is used (Bookstein, 1991). Shape is
expressed as the deviation of each specimen’s landmark configuration (landmark coordinate by landmark coordinate) from the sample mean configuration. This so-called consensus configuration is evaluated by averaging the generalized least-squares superimposition
of all specimens’ configurations (Rohlf and Slice, 1990). Hence, it is important to realize
that the definition of shape depends not only on the landmarks chosen, but also on the
composition of the sample. This set of linear deviations defines a linearized Procrustes
shape space with dimensionality [(3 x k) - 7] for k 3-dimensional landmarks per specimen
(the subtraction of 7 stands for the elimination of degrees of freedom of translation, rotation and scaling).
Using principal components (PC) analysis, it is possible to express shape variability as
a suite of statistically independent modes of shape change (eigenvectors), each of which is
associated with a certain proportion (eigenvalue) of the total shape variance (Dryden and
Mardia, 1998). Typically, the first few principal components contain significant proportions
of the total shape variability in the sample, such that the dimensionality of the data set can
be reduced considerably. The application of PC analysis of shape variability in the present
context poses specific challenges. Skulls are bilaterally organized structures, which display
patterns of correlated shape variation between left and right sides as well as patterns of deviation from symmetry. Fluctuating and/or directional asymmetry may convey biologically
significant information. In fossil skulls like that of the Lapedo specimen, however, the biological patterns of asymmetry in cranial geometry cannot be recovered during reconstruction, first, because diagenetic asymmetry clearly dominates over in-vivo effects, and second,
because mirror-image completion of missing parts disrupts natural patterns of asymmetry.
In a comparative analysis containing both fossil and extant specimens, it is therefore necessary to eliminate asymmetry and confine the analysis of shape variability to bilaterally symmetric patterns of shape variation. A convenient method to render a specimen symmetrical
with respect to its midsagittal plane consists of calculating the average of the original landmark configuration and its own mirror image (Ponce de León and Zollikofer, 2001;
Zollikofer and Ponce de León, 2002).
The geometric morphometric analysis of the Lagar Velho 1 skull was performed with a
comparative sample comprising recent and early modern humans and Neandertals from the
age of 2 years to adulthood (details of the sample structure are given in the legend to Figure
22-6 and in Ponce de León and Zollikofer, 2001) The set of landmarks used to quantify the
craniomandibular geometry comprises well-known “classic” craniometric landmarks such
as meeting points between sutures and other boundary structures. Since the facial region is
more densely populated with these landmarks than the cranial vault, additional landmarks
were included to achieve a fairly homogeneous sampling of the cranial geometry. These
landmarks denote centers of growth (e.g. the parietal and frontal eminences) and midpoints
along suture lines.
Shape variability was analyzed with the methods described above for the combined
craniomandibular landmark configurations. The results of the PC analysis correspond to
those of an earlier comparative study of ontogenetic patterns of shape change in Neandertals
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and modern humans (Ponce de León and Zollikofer, 2001). The first principal component
of shape variability, which accounts for a large proportion of the total variance in shape
(47.7%) is correlated with size and age. The second component, which accounts for 11.6%
of the shape variability, separates modern humans from Neandertals, while all further principal components (accounting for the remaining 40.7% of the shape variability in the sample) do not exhibit correlations with age, size or taxon. Since Neandertals and modern
humans exhibit approximately parallel ontogenetic trajectories through shape space along
PC1 and are clearly separated from each other along PC2, it is possible to use this graph as
a classifier to assess the morphological position of the Lagar Velho 1 skull. Evidently, the
reconstructed morphology falls within the shape variation displayed by fossil and extant
anatomically modern humans with a dental age of 3 to 5 years.

– Geometric morphometric analysis of the craniomandibular shape in an ontogenetic series of anatomically modern
humans (open circles/diamonds: extant/fossil specimens; Q9,11: Qafzeh 9,11), Neandertals (black triangles) and the Lagar
Velho 1 specimen (crosses: two reconstructive versions). Numbers indicate dental age in years; Neandertals specimens:
Pech-de-l’Azé 1 (P), Roc de Marsal 1 (R), Devil’s Tower 1 (D), Teshik Tash 1 (TT), Le Moustier 1 (M), Tabun 1 (T), Amud 1 (A),
La Ferrassie 1 (F). PC1 and PC2 are the two most significant, statistically independent, modes of shape variation. Individuals
are ordered along axis PC 1 according to their dental age (adults are on the right side). Modern humans are separated from
Neandertals along PC 2.
FIG. 22-6
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| The Dental Remains
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This chapter presents a description (preservational and morphological) of the Lagar
Velho 1 dental remains. All of the tooth positions are represented by at least one side (except
the third molars, which would not have started calcification in an individual of the developmental age of Lagar Velho 1). Of the forty-eight teeth that would have been present at the
time of death, forty-six (95.8%) are preserved at least in part. The only missing teeth are the
permanent left upper second premolar and the permanent right lower second premolar
(Chapter 13). In addition, five permanent teeth, the right lower first incisor to the left lower
first premolar, remain within their crypts in the mandible and are observable primarily radiographically (Fig. 23-8).
The now separated right lower deciduous second incisor to left lower deciduous second
molar, as well as the permanent right lower second incisor and permanent left lower second
premolar to second molar, were in their sockets or crypts in the mandible when discovered.
The remainder of the teeth were found isolated either in situ during excavation or during
sorting of the screened sediments in the laboratory. Identifications of the former mandibular teeth are therefore secure; the remainder are based on morphology but present no ambiguities.
The descriptive terms used follow those of Hillson (1996) and Scott and Turner (1997).
Stages of dental development are recorded following Gleiser and Hunt (1955), Moorrees et
al. (1963) and Smith (1991). Dental morphology scores are given according to the Arizona
State University Dental Anthropology System — ASU DAS (Turner et al., 1991). Tooth wear
is recorded by the dentine exposure stages of Smith (1984) and tabulated for the deciduous
teeth (Table 23-1).

The Deciduous Teeth (Figs. 23-1 to 23-3; see also Figs. 21-2 and 21-3)
Deciduous upper first incisors
Both left and right upper first incisors are preserved as isolated specimens. They are
practically complete, but the enamel is in a particularly delicate condition. This is often seen
in archeological deciduous incisors, because the enamel layer is very thin. Both teeth have
lost enamel from the tuberculum dentale region (the same condition is seen in the lower
incisors). The upper left first incisor is covered in a thin layer of sediment, cemented hard
onto the surface, and enamel has been lost from most of the lingual surface. The roots are
undamaged, however, and show a fully developed apex and no sign of resorption. There is
an occlusal attrition facet extending all along the incisal edge (Smith stage 1). On the right
tooth, there is a small mesial approximal wear facet but little sign of wear at the distal contact point. Because of its sediment coating, it is not possible to see these features in the left
tooth. The labial surface of the right incisor is also marked by a series of fine scratches (in a
range of orientations) which can be seen with the naked eye.
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Both teeth show the typical low and broad (mesiodistally) human deciduous upper first
incisor crown form. The labial surface is quite strongly curved (ASU score 3), as would also
be expected for this tooth type. Damage to the lingual surface makes it impossible to see the
form of the marginal ridges and tuberculum dentale.

– Deciduous upper dentition. Buccal (labial) views. The top row of pictures shows the deciduous upper right teeth,
including (from left to right): second molar, first molar, canine, second incisor, first incisor. The lower row of pictures shows
the deciduous upper left teeth, including (from left to right): first incisor, second incisor, canine, first molar, second molar.
Scale in centimeters.
FIG. 23-1

Deciduous upper second incisors
Both left and right upper second incisors are preserved as isolated specimens. Part of
the root apex and mesial side of the root are broken away in the left tooth, but the apex is
complete in the right second incisor, with no sign of resorption. There are pronounced
occlusal attrition facets on both teeth (Smith stage 3-4). In the left incisor, a single facet is
strongly angled distally. The normal distal contact point has been removed by this, and no
real approximal wear facet is present at this side (this matches the mesial facet on the upper
deciduous canine; see below). There is, however, a small mesial approximal wear facet. In
the right incisor, the occlusal wear facet has a sharp angle in it, so that one half runs straight
across and the other is angled distally. Once again, the distal approximal facet is not present,
but the mesial facet is present.
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The labial surfaces of both crowns are convex (ASU score 3). On the lingual surface, the
marginal ridges are not strongly developed (ASU score 1 for shovelling), and there is only a
slight extension from the tuberculum dentale (ASU score 0).

Deciduous lower first incisors
Both left and right lower first incisors are present as isolated specimens, and both fit into
the appropriate alveoli in the mandible fragment. As with the upper first incisors (above),
enamel has fractured away from the tuberculum dentale on the lingual side. The roots are
intact, with fully developed apices and no clear sign of resorption. There is a prominent occlusal
attrition facet, exposing a substantial line of dentine along the incisal edge (Smith stage 2). The
distal approximal wear facet is large, running almost the full height of the crown, whereas the
mesial facet is smaller. On the labial surface, there is a pattern of fine and coarse scratches.
The crown is quite asymmetrical for a deciduous lower first incisor, but not out of normal range for recent humans. Damage to the lingual surface makes it impossible to examine the prominence of the marginal ridges and tuberculum.

– Deciduous lower dentition. Buccal (labial) views. The top row of pictures shows the deciduous lower left teeth,
including (from left to right): first incisor, second incisor, canine, first molar, second molar. The lower row of pictures shows
the deciduous lower right teeth, including (from left to right): second molar, first molar, canine, second incisor, first incisor.
Scale in centimeters.
FIG. 23-2
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FIG. 23-3 – Occlusal view of the mandibular corpus with the deciduous left dentition and right incisors replaced in their sockets.
From left to right in the picture: left second molar, first molar, canine, second incisor and first incisor, right first incisor and
second incisor.

Deciduous lower second incisors
Both left and right lower second incisors are present as isolated specimens, and both fit
into their alveoli in the mandible fragment. As with the first incisors, enamel has fractured
away from the tuberculum region on the lingual surface. The mesial side of the crown has
also been damaged in the left tooth. The roots are intact, with fully developed apices and no
sign of resorption. The incisal edge is marked by an occlusal attrition facet with a fine line
of exposed dentine (Smith stage 1). In the right tooth, where it is preserved, there is a large
mesial approximal wear facet running up much of the crown side, to match the facet on the
first incisor. The distal approximal facet is smaller. As with the other incisors, the labial surface is marked with a pattern of scratches.
The crown morphology follows the expectations for deciduous lower second incisors in
recent and Late Pleistocene humans. They are always slightly larger and more strongly asymmetrical than the first incisors. The damage to the lingual surface makes it impossible to
assess the prominence of the marginal ridges or tuberculum.

Deciduous upper canines
Both left and right upper canines are preserved as isolated specimens, with little sign
of damage. The right tooth, however, is extensively covered with hard sediment, cemented

chapter 23

345

| THE DENTAL REMAINS

onto its surface. In each tooth, the root is intact, with a fully developed apex and no sign of
resorption. Occlusal attrition has exposed just a dot of dentine at the tip of the main cusp
(Smith stage 2). In the left canine, there is a small distal approximal wear facet, just involving the enamel, and only a small area of rounded polishing at the mesial contact point. It is
not possible to see these features sufficiently clearly in the sediment covered right tooth, so
it is not clear if the lack of a mesial approximal facet on the left canine relates to the wear
anomaly of the second incisor (above). In the left tooth, there is a small deposit of calculus
on the buccal surface of the crown.
The root in each tooth shows a sharp deviation to buccal, but there is no sign of resorption; this is quite a common feature of the root morphology in deciduous anterior teeth. In
buccal view, the crown form has the normal robust diamond shape of a deciduous upper
canine. On the lingual surface, the marginal ridges are little developed (ASU score 1 for
shovelling).

Deciduous lower canines
Both left and right lower canines are preserved as isolated specimens, and the left tooth
fits neatly into its alveolus in the mandible fragment. The root apex is fully developed with no
sign of resorption. In the left tooth, there is a strongly distally-slanted occlusal wear facet
(Smith stage 2), which has removed the distal corner of the crown, including the contact point
and most distal part of the incisal edge. The rest of the incisal edge shows little wear. This pattern of facets matches the strongly slanting facet on the upper left second incisor (see above).
The right deciduous lower canine exhibits a similar, if slightly less pronounced, distally-slanted occlusal wear facet. The left tooth has small mesial and distal approximal wear facets (the
mesial being smaller than the distal), whereas the right one exhibits a distal one but little trace
of a mesial one. The left buccal surface bears a small supragingival calculus deposit.
The form of the tooth is much less robust than that of the upper canine, as is expected
for deciduous lower canines in recent humans. On the lingual surface, the marginal ridges
are only slightly marked (ASU score 1 for shovelling), and there are no other morphological
variants present.

Deciduous upper first molars (or third premolars)
Both left and right upper first deciduous molars are preserved as isolated specimens.
The right tooth seems undamaged, but the apical quarter of the lingual root in the left tooth
has broken away. The undamaged apices are fully developed, and there is no sign of resorption. Occlusal wear is moderate (Smith stage 3), with small areas of dentine exposed at the tips
of the mesiobuccal, mesiolingual and distobuccal cusps. In both teeth, there is a large distal
approximal facet to match the mesial facet on the second deciduous molars (see below), and
a small mesial approximal facet on the side of the mesiobuccal cusp, fitting the small distal
facet of the canines. There are traces of supragingival calculus deposits on the crown.
As is expected for human deciduous upper first molars, both teeth have three roots and
there is a prominent radicular plate linking the lingual and distobuccal roots. The crown is
a four cusped form, with moderately well developed distobuccal and distolingual cusps. The
buccal crown side bears a prominent tubercule of Zuckerkandl, and the Carabelli trait is
slightly developed (ASU score 1) in both teeth.
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Deciduous upper second molars (or fourth premolars)
Both left and right upper second deciduous molars are present as isolated specimens.
The right tooth is undamaged, but the left has the apical half of its lingual root broken away.
Those apices that are undamaged are fully developed, and there is no sign of root resorption.
Occlusal attrition is slight on both sides (Smith stage 1) with only small facets in the enamel
at the tips of the cusps. There is a large mesial approximal facet, about 4 mm along its longest
axis (buccal-lingual), but no distal facet. This shows that the permanent first molar had not
yet erupted into occlusal position, and it matches the situation in the mandibular fragment.
Traces of supragingival calculus survive on both tooth crowns, and there is a substantial
deposit on the buccal crown side of the left tooth.
As is expected for deciduous upper second molars, there are three roots, and a prominent radicular plate unites the lingual and distobuccal roots. All four main cusps of the
crown are well developed, with a large Cusp 4 (distolingual or hypocone, ASU score 5) and
moderate sized Cusp 3 (distobuccal or metacone, ASU score 4). The left tooth bears a small
Cusp 5 (metaconule, ASU score 2), but this is absent in the right tooth. Both teeth, however, bear a Carabelli cusp. This is more prominent in the right tooth (ASU score 5) than the
left (ASU score 4). There is also a small supernumerary cusplet in the mesial fossa of the
occlusal surface, on the mesiolingual corner of the mesiobuccal cusp.

Deciduous lower first molar (or third premolar)
Both left and right first molars are preserved as isolated specimens. They are undamaged, and the left tooth fits into its alveolus in the mandibular fragment. The root apices
appear to be undamaged, have completed their development, and show no sign of resorption. Occlusal attrition is moderate (Smith stage 4) with marked areas of dentine exposed at
the tips of the mesiobuccal cusp and both distal cusps. Approximal wear has produced a
large distal facet, matching the mesial facet on the second deciduous molar (see below), and
a small mesial facet that matches the distal facet on the canine (above). There are vestiges of
what appear to be supragingival calculus deposits all around the crown sides.
The crown is a four cusped form, with well developed distobuccal and distolingual
cusps and a clear distal marginal ridge. On its buccal side the crown bears a prominent
tubercle of Zuckerkandl.

Deciduous lower second molars (or fourth premolars)
Both left and right lower second deciduous molars are preserved as isolated specimens,
with only minimal damage. The left tooth fits neatly into its alveolus in the mandibular fragment. The apical quarter of the mesial root is broken away in both teeth, and a small part of
the distal root apex has been lost in the right tooth. On the one root that retains most of its
apex (the distal root of the left molar), the apex seems to have been fully developed, and there
appears to be a small amount of resorption, but it is difficult to distinguish this from postmortem damage. There is a small amount of occlusal attrition (Smith stage 2), with a small
facet in the enamel at the cusp tips, exposing a small dot of dentine at the tip of the mesiobuccal cusp. The central fossa of the occlusal surface is also somewhat worn, obscuring the details
of fissure morphology. There is a mesial approximal wear facet around 3.5 mm along
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its longest diameter (buccal-lingual). There are vestiges of what appear to be supragingival calculus deposits all around the crown sides.
There are five main cusps to the crown, with Cusp 5 (distobuccal or hypoconulid) well
developed (ASU score 5 in both crowns). Cusps 6 (entoconulid) and 7 (metaconulid) are not
developed. The fissure pattern seems to be “Y” (with contact between the mesiolingual and
centrobuccal cusps), but it is difficult to be sure because of the occlusal wear. The mesial
marginal ridge is moderately prominent (ASU score 2) in the left tooth, creating a distinct
anterior fovea. In the right tooth, it is strongly developed (ASU score 4).

Table 23-1
Occlusal attrition scores, following Smith (1991), for the Lagar Velho 1 deciduous
teeth.
Maxilla - right

Maxilla - left

Mandible - right

Mandible - left

2

di 1

1

1

2

di 2

3-4

3-4

1

1

dc

2

2

2

2

dm 1

3

3

4

4

dm 2

1

1

2

2

The Permanent Teeth (Figs. 23-4 to 23-8)
Permanent upper first incisors
Both upper right and left first incisors are preserved
as isolated specimens. The crowns were still developing
and the delicate growing edges survive largely intact,
with just a little damage in the left tooth. At the time of
death, the crowns were almost complete — more than
Cr.3/4 but not quite Cr.C stage (Moorrees, et al., 1963) —
and the enamel matrix was still being formed on the labial and lingual sides, even though the cement-enamel
junction is clearly delimited where it curves up the
mesial and distal sides.
The crowns are complete enough to show their
morphology clearly. Both have prominent marginal
ridges on the lingual side (especially the distal marginal
ridge), giving them the typical shovelled shape of upper
incisors. The shovelling is not particularly pronounced,

– Isolated teeth of the permanent upper dentition. Occlusal view.
The left hand row of pictures show the upper right teeth including (from
top to bottom): first incisor, second incisor, canine, first premolar, second
premolar, first molar, second molar. The right hand row of pictures show
the upper left teeth including (from top to bottom): first incisor, second
incisor, canine, first premolar, first molar, second molar. The upper left
second premolar was not recovered. All the teeth are only partially formed,
and the small sizes of the second premolar and second molar crowns are
due to the early stages of their development. Scale in centimeters.
FIG. 23-4
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– Permanent upper incisors and canines. Lingual view. The picture shows (from left to right): left first incisor, right
first incisor, right second incisor, right canine. Scale in millimeters.
FIG. 23-5

– Permanent upper incisors. Labial view. The picture shows (from left to right): right second incisor, right first
incisor, left first incisor. Scale in millimeters.
FIG. 23-6

however (ASU score 2 for shovelling). At the base of the crown is a moderately developed
lingual tuberculum dentale, with three tuberculum extensions running into the concave lingual surface of the right tooth, and a single large tuberculum extension on the left tooth
(ASU score 3 in both teeth). There is a pronounced interruption groove in the left tooth (ASU
type ‘M’) and a less pronounced interruption groove in the right tooth (ASU type ‘Med.’).
The labial surface is only slightly concave (ASU score 1), and its mesial and distal edges are
marked by slight ridges which are pronounced enough to qualify as ‘double shovelling’
(ASU score 2). Along the unworn incisal edge, the left incisor has the normal three mamelons, and the right incisor has four (a small extra mamelon is divided from the large mesial
mamelon).
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Permanent upper second incisors
Both the upper right and left second incisors have survived as isolated specimens. The
crowns were still being formed at the point of death, with just the curves of the cementenamel junction being delimited on the mesial and distal sides. This is just a little over the
Cr.3/4 stage of development (Moorrees et al., 1963). The tuberculum dentale on the lingual
side was not completely formed at the time of death, but in the right incisor it is possible to
see that it would have been marked by an interruption groove (ASU type ‘Med.’), and there
would have been one large tuberculum extension (ASU score 3). These features are not present on the left incisor, which has only a modest tuberculum extension (ASU score 2). The
marginal ridges on the lingual crown sides are only moderately developed (ASU score 2
shovelling) in both left and right teeth. On the labial surface, there is a slight ridge along the
mesial edge (ASU score 1 double shovelling). For the right second incisor, there are two
main mamelons on the unworn incisal edge, with a slight division of the mesial mamelon
to give a very reduced central (third) mamelon. A groove runs down the labial crown side
from this point. In the left second incisor, there are three mamelons, with the central one
being quite prominent. These differences in form between the two antimeres are also
reflected in their mesiodistal diameters, which are a full half millimeter different.

Permanent lower first incisors
The left and right lower first incisors are both preserved in their crypts inside the
mandible. Parts of their crowns can be seen through the alveoli of the deciduous first incisors
and through a hole in the wall of the permanent
right second incisor crypt, which is exposed at
the fractured edge of the mandibular fragment
(see below). It is possible to see that crown formation is substantially complete, but not
enough of either tooth can be seen to examine
the forming surface on the labial and lingual
sides. Radiographs suggest that the teeth would
have been at least at the Cr.3/4 stage, and perhaps at the Cr.C stage (Moorrees et al., 1963),
but it is not possible to be sure. The radiographs
also show the clear outline of three well-developed mamelons (Fig. 23.8).

FIG. 23-7 – Isolated teeth of the permanent lower dentition.
Occlusal view. The left hand row of pictures shows the lower
left teeth including (from top to bottom): first molar, second
molar. The right hand row of pictures shows the lower right
teeth including (from top to bottom): second incisor, canine,
first premolar, first molar, second molar. All teeth are still
developing, and the small size of the second molars is due to
their early stage of development. The right second premolar
was not recovered, the left second premolar is incomplete and
not included in the Fig., and the right first incisor to left first
premolar are in their crypts in the mandible (see Fig. 23-8).
Scale in centimeters.
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FIG. 23-8 – Radiographs of mandible, with developing permanent teeth in situ. The upper radiograph is a lateral-medial
projection, showing the outlines (from left to right) of the right first incisor with the left first incisor superimposed over it,
left second incisor with the canine superimposed and below it, and the left first premolar. To the right of this tooth are the
crypts for the unerupted left second premolar, first molar and second molar. The lower radiograph is an anteroposterior
projection and provides a different orientation for the incisors and canine in their crypts showing, from left to right, the right
first incisor, left first incisor, second incisor, canine (lower than the other teeth) and first premolar. Three mamelons can be
made out on the incisal edges of the first incisors.
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Permanent lower second incisors
The lower left second incisor is preserved in its crypt inside the mandible, where it
can be seen in radiographs, but not at the surface. The lower right second incisor survives
as an isolated specimen, which was removed during cleaning from the crypt exposed at
the edge of the mandibular fragment. The delicate developing edge of the tooth is at least
partly preserved, and it shows that the crown was almost complete at the point of death
— more than Cr.3/4 but not quite Cr.C stage (Moorrees et al., 1963). In labial and lingual
views, the crown is markedly asymmetrical, with a strongly bulging distal edge. The lingual marginal ridges are only slightly developed (ASU score 1 or 2 “trace” shovelling), and
there is only a slight tuberculum dentale bulge. On the labial side, the mesial crown edge
is marked by quite a sharp ridge. There are three prominent mamelons along the unworn
incisal edge, with marked grooves running down between them onto the labial and lingual sides.

Permanent upper canines
Both left and right upper canines are preserved as isolated specimens. The delicate
developing edge of the tooth survives in both cases, and shows that the crown was somewhat more than half-complete — just over the Cr.1/2 stage (Moorrees et al., 1963). When
completed, the canine crowns would have been robust, with strongly bulging distal sides.
The marginal ridges are only slightly developed (ASU score 1 shovelling), but the crown
is not yet sufficiently developed to see how prominent the lingual tuberculum dentale
would have been. Most upper canines have a single ‘buttress’ like structure running from
the tuberculum onto the concave lingual surface but, in Lagar Velho 1, there are two
prominent tuberculum extensions with a marked groove between them. This feature is
uncommon in modern humans (but see below). On the lingual side of both teeth (especially the left) there is also a moderately developed distal accessory ridge (ASU score 3 for
DAR).

Permanent lower canines
The left lower canine is preserved inside its crypt in the mandible fragment and cannot
be seen from the surface, although it is clearly apparent in radiographs. The right lower
canine survives as an isolated specimen. It is a little more complete than the upper canines
at about the Cr.3/4 stage of development (Moorrees et al., 1963). The marginal ridges are not
prominent, but their edges are particularly sharply defined. There is a weakly developed distal accessory ridge (ASU score 2 for DAR).

Permanent upper first (or third) premolars
Both upper first premolars are preserved as isolated specimens. They were still developing at the point of death, and the occlusal surfaces and part of the crown sides are complete — about the Cr.1/2 stage of development (Moorrees et al., 1963). They show the normal
two main cusps and marginal ridges, marked by a prominent developmental groove on the
mesial marginal ridge.
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Permanent upper second (or fourth) premolar
Only the right upper second premolar is preserved as an isolated specimen. As would
be expected, it is slightly less developed than the first premolar — a little less than the Cr.1/2
stage of development (Moorrees et al., 1963). The completed occlusal surface bears two main
cusps, continuous mesial and distal marginal ridges, with two small cusps decorating the
mesial ridge.

Permanent lower first (or third) premolars
The left lower first premolar is preserved in its crypt inside the mandible, where it can
be seen in radiographs. The right lower first premolar survives as an isolated specimen. Its
crown was still developing at the point of death, and it had reached the Cr.1/2 stage of development (Moorrees, et al., 1963). The tooth is not complete enough to show many morphological details, but it would have had a pronounced mesiolingual groove separating a large
distal lingual cusp from a much smaller mesial cusp (ASU score 6).

Permanent lower second (or fourth) premolar
The right lower second premolar is missing, but part of the left second premolar was
found in its exposed crypt in the mandible fragment. Only the lingual half of the developing
crown is preserved. The occlusal surface was complete and shows one main lingual cusp, with
a much smaller cusp to mesial and distal (this variation is not scored by the ASU premolar
lingual cusps plaque and the closest would be stage 0). The crown is less developed than the
first premolar — rather less than the Cr.1/2 stage of development (Moorrees et al., 1963).

Permanent upper first molars
Both left and right upper first molars are preserved as isolated specimens. The delicate
edge of the roots which was forming at the time of death survives in both of them, but part
of it has broken away in the left tooth. There are indentations marking the start of the furcations between the three roots of these teeth, but it is also clear that the floor of the pulp
chamber had not yet been formed, so development had reached the “initial cleft formation”
or Cli stage only (Moorrees et al., 1963). This is not so far advanced as in the lower teeth, and
it is what would be expected in the development of modern human dentitions. The distance
between the start of the furcations and the cement-enamel junction is also what would be
expected in modern humans, and there is no sign of the taurodont condition. The roof of the
pulp chamber shows four diverticles, corresponding to the positions of the main cusps of
the crown in both teeth.
The crowns have four well-developed main cusps, with Cusp 4 (the distolingual or
hypocone) being particularly large at ASU score 5. The right tooth has just a trace of a Cusp
5 (metaconule ASU score 1) on its distal marginal ridge, but this is absent in the left molar.
There is also a trace of the Carabelli trait (ASU score 1) on both teeth, marked by a small
depression on the mesiolingual crown side. Another distinctive feature (not covered by the
ASU system) is the presence of a small tubercle on the oblique ridge of each tooth.
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Permanent upper second molars
Both left and right upper second molars are preserved as isolated specimens. Their
crowns were in mid-development at the time of death, with the occlusal surface at the “cusp
outline completed” or COC stage (Moorrees et al., 1963), as in the lower second molars. The
outlines of the main three cusps can be seen, but there is only a trace of Cusp 4 (distolingual or hypocone) in both upper teeth. This may be taken to suggest that it would not have
been large in the completed crowns, but this might have changed with further development.

Permanent lower first molars
Both left and right lower first molars are preserved as isolated specimens, and the left
tooth fits into its exposed crypt in the mandible with its cusp tips just showing at the crest
of the alveolar process. The lower left first molar is practically complete, including the plate
of dentine which forms the floor of the pulp chamber and the furcation of the roots. In this
tooth, much of the finely tapered forming edge of both roots is still present, with only a little damage in places. Much more has broken away from the lower right first molar, so that
none of the forming root edge is preserved, or the floor of the pulp chamber. Where the state
of development at death is well preserved, in the left molar, it is clear that the tooth had
reached the R1/4 stage (Moorrees et al., 1963). The roots have the typical lower molar form,
with a wider (buccal to lingual) mesial root, bearing a shallow groove down its mesial side.
In both lower molars, the roof of the pulp chamber shows five diverticles, one underneath
each of the main cusps of the crown. As with the upper molars, however, the distance
between the furcation and the cement-enamel junction in the left first molar is what would
be expected in modern humans, and there is no sign of the taurodont condition.
The lower first molar crowns are both undamaged and unworn (they clearly never
erupted). They are robust, with bulging sides. There are five well developed cusps, with Cusp
5 (the distobuccal or hypoconulid) being at the largest state of development (ASU score 5) in
both teeth. Neither crown has any trace of Cusp 6 or Cusp 7 development, nor do they show
the deflecting wrinkle of Cusp 2, or a mid-trigonid crest (which sometimes connects Cusp 1
with Cusp 2). The fissure pattern is “Y”, with Cusp 2 (the mesiolingual or metaconid) meeting Cusp 3 (the centrobuccal or hypoconid) at the center, although the line of contact is narrower in the left molar than the right. The right molar has a trace of a protostylid (ASU score
1) on its mesiobuccal crown side, but the left molar does not show this feature. Finally, a
trace enamel extension is present in both teeth, deflecting the cement-enamel junction down
to a small point at the furcation between the roots.

Permanent lower second molars
The developing crowns of both lower second molars are present and undamaged, and
it is possible to fit the left tooth into its exposed crypt in the mandible. It is possible to see
the outlines of the occlusal surface four main cusps, separated by fissure systems which look
like the “+” form, but they are all indistinct and it seems that the cusps had still not quite
been completed at the point of death. On careful examination of the developing occlusal surface, it seems that the distobuccal cusp tip is divided into two eminences — implying that
the fully developed crown would actually have had five cusps. This is confirmed by looking
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at the developing dentine surface, inside the cap of the crown, where there are five depressions corresponding to the positions of the diverticles that would ultimately have been present in the pulp chamber roof. Comparison with the development stages of Moorrees et al.
(1963) is difficult, because they were devised for use with radiographs where the state of
development cannot be seen in such detail, but at least all the cusps were united and this
would put the teeth into the “cusp outline completed” or COC stage.

Summary
Lagar Velho 1, because of the development stage of the dentition, lack of wear, the fragmentation of the jaws and the high level of recovery during excavation, has an exceptional
collection of permanent and deciduous teeth, mostly isolated from the jaws. This makes it
possible to see much of the morphology exceptionally clearly. The dating of the site invites
comparison between Lagar Velho 1, the earliest large assemblages of European Late
Pleistocene modern humans from Dolni Věstonice and Pavlov in the Czech Republic, and
the latest Neandertals from Zafarraya (Spain), Hortus (southern France), St. Césaire and
Arcy-sur-Cure (central France), and Vindija (Croatia) — all of which have relatively small
teeth compared with the main group of European Neandertals. The morphology of the Lagar
Velho 1 permanent teeth in general overlaps with that of modern humans, and the scores on
the ASU system would not be out of place even in many Holocene collections.
For example, the modest shovelling and moderate lingual tubercle in the permanent
upper incisors contrasts strongly with the heavy shovelling and pronounced tubercle of
Hortus 7, 8 and 9, Arcy-sur-Cure IVb6-B7, St. Césaire, and Vindija 289 and 290. However,
the Lagar Velho upper first incisors are close to the more modest shovelling and tubercle
seen in the Subalyuk 2 Neandertal upper first incisor (E. Trinkaus, pers. comm.). Dolní
Věstonice 15 has more pronounced shovelling and a more prominent tuberculum than
Lagar Velho 1, although these features are less pronounced in the other specimens from
Dolní Věstonice and Pavlov. A series of maxillary incisors from the Aurignacian of Les Rois
shows a range that extends from slightly greater shovelling than that seen in Lagar Velho 1
to a complete absence of marginal ridges. However, the slight double-shovelling of the Lagar
Velho 1 upper incisors is unknown among the Neandertals, most of whom have maxillary
incisors with strongly convex labial surfaces. It is also rare in early Upper Paleolithic specimens, being noted so far only in the Combe Capelle 4 and Paglicci 1 upper second incisors
but not on the latter’s upper first incisors (A. Coppa, pers. comm.).
The Lagar Velho 1 upper canines are not heavily shovelled, but they are unusual in lacking a lingual buttress running up the crown. Instead they have two prominent tubercle extensions. This condition is uncommon in modern human teeth and is not seen for example in
the Dolní Věstonice and Pavlov material, but the lingual buttress is missing in the heavily
shovelled late Neandertal upper canines of Hortus 8 and 9, and St. Césaire 1. The Hortus 3
upper canine has heavy shovelling, no lingual buttress and prominent tubercle extensions
which are like those of Lagar Velho 1 (Lumley, 1973). The Lagar Velho 1 permanent first
molars also overlap in form with those of modern humans. In particular, they show no sign
of the taurodont condition, as is seen in the late Neandertals such as Hortus 2, 5 and 8 and
St. Césaire 1 but, from the published photographs, not Zafarraya 2. The lower first molars also
do not have the mid-trigonid crest that is characteristic of most Neandertals (Bailey, 2002).
Deciduous tooth morphology overlaps extensively in modern humans and Neandertals,
and Lagar Velho 1 would not be out of place in either group.
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The Lagar Velho 1 dentition provides a relatively complete set of dental crown and
cervix metrics given the state of development of the dentition and the availability of permanent teeth outside of their developmental crypts. None of the deciduous teeth is missing,
and only the maxillary anterior deciduous teeth and one deciduous lower second incisor lack
any measurements (their labiolingual diameters) as a result of postmortem damage (in this
case, loss of the lingual enamel near the cervix) (Tables 24-1 and 24-2). The dental metrics
of the permanent teeth (Tables 24-3 and 24-4) are limited principally by the degrees of calcification of the teeth. In addition, the right first incisor to the left first premolar remain
inaccessible within their crypts in the mandibular corpus.

Comparative Materials
Dental crown metrics are one of the few aspects of the Lagar Velho 1 remains for which
reasonable comparative samples of Late Pleistocene human remains are known. However,
substantial samples are available principally for the buccolingual diameters of the permanent tooth crowns. Deciduous teeth are rare for Late Pleistocene humans, especially for earlier Upper Paleolithic early modern humans, and the majority of the known permanent
teeth have had their mesiodistal diameters reduced through combinations of occlusal and
approximal attrition (see sample sizes in Tables 24-5 to 24-8).
For the comparisons, the data are taken principally from the primary descriptions of the
fossils, supplemented by remeasurement of some specimens, measurements provided by
colleagues of currently unpublished remains, and measurements from currently unpublished remains by one of the authors. In all cases where both antimeres provide the measurement, the values were averaged to provide a measure for the individual prior to the computation of sample summary statistics.
For the deciduous dentition, the earlier Upper Paleolithic specimens are from the sites
of Bombrini, Caldeirão, Dolní Věstonice, Fanciulli (Grotte-des-Enfants), Fontéchevade,
Labatut, Miesslingtal, Paglicci, Pataud, Pavlov, La Quina, Les Roches and La Rochette (34
individuals), Qafzeh and Skhul are grouped together (10 individuals), and the Neandertals
are from the Near Eastern sites of Amud, Dederiyeh, Kebara and Shanidar (7 individuals)
and the European sites of Archi, Aubesier, La Chaise-Bourgeois-Delaunay, Caminero, Cavallo, Châteauneuf-sur-Charente, Combe Grenal, Cova Negra, Devil’s Tower, Engis, La Ferrassie, Font-Qui-Pisse, Hortus, Ku0 lna, Roc de Marsal, Neussing, Pech-de-l’Azé, Peyrards,
Pie-Lombard, Le Placard, Le Portel, La Quina, Rigabe, Salemas, Subalyuk, Taubach, Valdegoba and Zaskalnaya VI (39 individuals). For the permanent dentition, Neandertal specimens are from the Near Eastern sites of Amud, Dederiyeh, Kebara, Shanidar and Tabun (17
individuals) and the European ones of Arcy-sur-Cure, Agut, Angles-sur-l’Anglin, Aubesier,
La Balauzière, Banyoles, Bombarral, La Chaise-Bourgeois-Delaunay, Camerota, Caminero,
Châteauneuf-sur-Charente, Combe Grenal, Cotencher, Cova Negra, Croze-del-Dua, Devil’s
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Tower, Le Fate, La Ferrassie, Forbes’ Quarry, Fossellone, Genay, Guattari, Hortus, Ku0 lna,
Malarnaud, Marillac, Abri des Merveilles, Monsempron, Montgaudier, Le Moustier, PetitPuymoyen, Peyrards, Poggi, Le Portel, La Quina, Régourdou, Saccopastore, Saint Brais,
Saint Brelade, Saint-Césaire, Šipka, Spy, Subalyuk, Švédu0 v stu0 l, Taddeo, Taubach, Valdegoba,
Vindija, Zafarraya and Zaskalnaya VI (112 individuals). The permanent dental metrics for the
Qafzeh-Skhul sample are from those sites (21 individuals), and the earlier Upper Paleolithic
ones are from Arene Candide, Calanca, Caldeirão, Cro-Magnon, Dolní Věstonice, Fanciulli,
La Ferrassie, Font-de-Gaume, Fontéchevade, Miesslingtal, Mladeč, Paglicci, Pataud, Pavlov,
Předmostí, La Rochette, Les Rois, Silická-Brezová, Tarté, Les Vachons, Vindija and Vogelherd
(73 individuals).
For general reference, dental metrics are included for a sample of recent Euroamerican males for the deciduous dentition (Black, 1978) and a sample of recent Europeans for
the permanent teeth (Twiesselmann and Brabant, 1967); these are not intended to provide
an exhaustive depiction of recent human dental metric variation (see Kieser, 1990) but to
furnish a general framework for the evaluation of the Late Pleistocene dental metrics.

Table 24-1
Dental metrics of the maxillary deciduous teeth.
Right
dm2

dm1

dc1

9.5

7.7

7.8

10.4

9.3

Cervical MD

6.9

Cervical BL

8.3

Mesiodistal
Buccolingual

b

Left
di1

di1

6.3

7.9

8.0

c

c

c

c

5.4

5.2

4.3

5.7

7.0

5.8

4.7

4.8

–

di2
a

–

–

di2

dc1

dm1

dm2

6.5

7.8

7.7

9.3

c

–

6.7

9.3

5.8

4.1

5.2

5.3

6.7

4.8

4.7

5.8

6.9

8.4

a

–

b

10.5

a

= slightly worn
= some calculus
c
= damaged so that measurements can’t be taken
b

Table 24-2
Dental metrics of the mandibular deciduous teeth.
Right
dm1

dc1

di2

di1

di1

di2

dc1

dm1

dm2

Mesiodistal

11.0

8.4

6.6

5.6

4.8

4.7

c

–

6.7

8.6

10.8

Buccolingual

9.7

7.3

5.8

4.7

c

a

4.3

a

4.7

5.9

7.1

9.6

Cervical MD

7.8

6.0

4.9

3.7

3.4

3.7

3.8

4.8

5.9

7.5

Cervical BL

7.0

5.2

5.2

4.3

3.8

3.7

c

5.2

5.2

7.2

a

= slightly worn
= some calculus
c
= damaged so that measurements can’t be taken
b
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–

–

Table 24-3
Dental metrics of the maxillary permanent teeth.
Upper right permanent
M

1

1

I

1

I

1

I2

C1

P1

M1

9.1

7.0

7.9

7.4

10.7

a,b

b

–

11.8

–

8.0

–

a,b

C

I

7.7

7.5

9.0

6.4

b

10.6

7.7

Buccolingual

11.8

b

Cervical MD

7.9

b

Cervical BL

10.9

b

b

Upper left permanent

2

P

Mesiodistal

a

1

–

b

8.2

b

7.2

–

b

–

5.9

6.8

–

b

–

b

b

–

–

b

7.4

b

6.3

6.9

a

b

b

–

–

–

b

–

b

–

b

–

b

–

= damaged so that measurements can’t be taken
= tooth not fully formed

Table 24-4
Dental metrics of the mandibular permanent teeth.
Right
M1

P1

C1

Left
I2

I1

I1

Mesiodistal

11.9

7.4

6.5

6.5

a,b

Buccolingual

11.2

a

a

6.5

a,b

Cervical MD

9.0

a

–

4.5

4.0

a,b

–

a,b

Cervical BL

a

a

–

a

a

a,b

–

a,b

a
b

–

–

–

–

–

–

a,b

–

a,b

I2

–

a,b

–

a,b

C1

–

a,b

–

a,b

–

a,b

–

a,b

P1

M1

–

a,b

–

11.8

–

a,b

–

11.1

–

a,b

–

a,b

–

9.0

–

a,b

–

a,b

–

9.2

= tooth not fully formed
= tooth inaccessible in crypt

Measurement Techniques as Applied to Lagar Velho 1
Crown Diameters
The mesiodistal maximum diameter is the distance between two parallel planes, tangential to the most mesial and most distal points of the crown side. This measurement often
follows an axis nearly parallel to the occlusal plane and nearly perpendicular to the mesiodistal plane of the tooth, but the calipers were not deliberately held in this position. The maximum bulge of the mesial and distal crown sides, at which these measurement landmarks
lie, corresponds to the contact points in anterior teeth with normal occlusal relationships,
but it does not necessarily do so for cheek teeth. The actual contact points at which teeth
occluded were therefore not taken into account.
The buccolingual maximum diameter is the maximum distance between two parallel
planes, one tangential to the most lingual/palatal point of the crown side and the other tangential to a point on the buccal/labial crown side. For incisors, canines and premolars, the
labial/buccal point is on the single convexity of the crown side. For molars, the maximum measurement is usually found to be the most mesial of two or more bulges on the buccal crown side.
The axis of the measurement is often not far from perpendicular to the axis of the mesiodistal
crown diameter defined above, but this was not used as a defining character for the measurement. For molars it is often better to place the jaws of the calipers diagonally across the surface,
because the maximum bulge on the buccal crown side is not necessarily directly opposite the
maximum bulge on the lingual side. Upper molars, in particular, may be difficult to measure.
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Cervical Diameters
For all cervical diameters, the tips of the caliper points were placed on the surface of the
enamel just occlusal to the cement-enamel junction. This involved careful placement, first
with one tip and then the other, but the edge of the cement layer could usually be felt as the
caliper point tips passed over it.
In anterior teeth, the cement-enamel junction has a strong curve to occlusal on the
mesial and distal sides, and this makes a natural measurement landmark at the most
occlusal point of the curve. The mesiodistal cervical diameter was therefore defined as the
distance between the most occlusal points of the cement-enamel junction curve on the
mesial and distal sides. The mesial curve rises more to occlusal than the distal curve, so the
axis of measurement is not strictly parallel to the occlusal plane of the tooth or to the normal definition of the axis for the traditional mesiodistal crown diameter.
The cement-enamel junction on cheek teeth does not have the same strong mesial and
distal curve as in the anterior teeth. In the absence of naturally defined landmarks, the
mesiodistal measurement points were therefore defined as midway along the cement-enamel junction on the mesial and distal sides of the crown. Normally, there is a broad concavity
at this point, so that the measurement falls to a minimum.
In the incisors, canines and premolars, the cement-enamel junction makes a single
curve apically and outwards to labial/buccal and lingual/palatal. This means that the buccolingual cervical diameter can be defined simply as the maximum measurement at the
cement-enamel junction from labial/buccal to lingual/palatal. Once again, these landmarks
are not necessarily at equal levels, so the axis of the measurement may not be parallel to the
occlusal plane or exactly perpendicular to the axis of the mesiodistal diameter.
The cement-enamel junction does not have a single outwards curve on the buccal and
lingual sides of molars. This means that the buccolingual cervical diameter could not simply be defined as the maximum measurement; there would be at least two maxima. Instead,
the measurement was taken on the cement-enamel junction at points midway along the buccal and lingual/palatal sides. In most upper molars, it was found that this point was the maximum bulge above the single lingual/palatal root, and there was usually a slight depression
midway along the buccal side between the two buccal roots. For lower molars, there was usually a slight depression on both the lingual and buccal sides, between the roots, at which the
measurement was taken. Where there was a large enamel extension, the measurement
needed to be taken to one side or the other of this extension, whichever gave the maximum
value.

The Deciduous Dentition
Late Pleistocene human deciduous teeth show little temporal or geographic variation in
their crown diameters (Tables 24-5 and 24-6). This is reflected in the ANOVA P-values
across the comparative samples, for which only two measurements, the mesiodistal diameters of the upper second incisors and the first molars, provide significant values. However,
even though the small European earlier Upper Paleolithic samples for these two measurements are on average less than those of the Neandertal and Qafzeh-Skhul samples, they do
not reach significance when just the two European comparative samples are contrasted.
Interestingly, in the comparisons of the maxillary anterior deciduous teeth and the posterior mandibular deciduous teeth, it is the Qafzeh-Skhul sample which tends to have the larg-
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er teeth, with the European earlier Upper Paleolithic sample most often having the smallest
dental crown dimensions. In all cases the recent human deciduous dental dimensions are
smaller on average than those of the Middle Paleolithic sample, and they are smaller on average in most cases relative to the earlier Upper Paleolithic sample.

Table 24-5
Comparative dental crown metrics for the maxillary deciduous teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available.
Lagar
Velho 1

European
EUP

European
Neandertals

Qafzeh/
Skhul

NE
Neandartals

ANOVA
P

di1 MD

7.9 / 8.0

7.0, 7.0, 7.3

7.4 ± 0.6 (11)

7.8 ± 0.5 (5)

7.7 ± 0.1 (4)

0.215

di2 MD

6.3 / 6.5

5.9

6.0 ± 0.4 (6)

6.6 ± 0.3 (4)

5.6, 5.8

0.022

—

5.2 ± 0.4

dc1 MD

7.8 / 7.8

6.4, 6.8

7.2 ± 0.7 (13)

7.6 ± 0.6 (5)

7.2, 7.5, 7.8

0.338

0.058

6.8 ± 0.4

dc1 BL

6.7

6.7 ± 1.1 (4)

6.5 ± 0.6 (14)

6.3 ± 0.9 (5)

7.1, 7.3, 7.5

0.312

0.795

6.1 ± 0.4

dm1 MD

7.7 / 7.7

6.4, 7.4, 7.5

7.9 ± 0.7 (7)

8.5 ± 0.4 (7)

7.6 ± 0.2 (7)

0.004

0.108

6.7 ± 0.5

dm1 BL

9.3 / 9.3

8.8 ± 1.2 (7)

8.9 ± 0.6 (10)

9.3 ± 0.5 (6)

9.2 ± 0.4 (7)

0.520

0.820

8.8 ± 0.5

dm2 MD

9.5 / 9.3

9.2, 9.4, 10.2

9.5 ± 0.8 (8)

9.5 ± 0.5 (7)

9.3 ± 0.2 (5)

0.839

0.871

8.8 ± 0.6

10.2 ± 0.7 (13)

10.2 ± 0.8 (6)

10.4 ± 0.6 (5)

0.826

0.913

9.5 ± 0.5

dm2 BL

10.4 / 10.5 10.4 ± 0.7 (11)

EUP/
Mean

Recent

0.080 6.4 ± 0.4

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four
reference samples plus t-tests across the two European samples.

Table 24-6
Comparative dental crown metrics for the mandibular deciduous teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available.
Lagar

European

European

Qafzeh/

NE

ANOVA

EUP/

Velho 1

EUP

Neandertals

Skhul

Neandertals

P

Mean

Recent

di1 MD

4.8 / 4.7

4.2

4.9 ± 0.4 (7)

4.2, 5.0

4.6, 5.0, 5.3

0.406

—

4.0 ± 0.3

di1 BL

4.3

3.9

4.6 ± 0.4 (7)

4.3, 4.4

4.8 ± 0.2 (4)

0.156

—

3.9 ± 0.4

di2 MD

5.6

5.1

5.4 ± 0.6 (6)

5.1 ± 0.3 (4)

5.5 ± 0.3 (5)

0.618

—

4.5 ± 0.4

di2 BL

4.7 / 4.7

4.5, 4.8, 4.9

4.8 ± 0.4 (6)

4.8 ± 0.2 (4)

5.0 ± 0.3 (4)

0.731

0.657

4.4 ± 0.4

dc1 MD

6.6 / 6.7

—

6.8 ± 0.6 (8)

6.5 ± 0.8 (6)

6.8 ± 0.3 (4)

a

0.591

—

5.8 ± 0.3

dc1 BL

5.8 / 5.9

5.8

6.1 ± 0.5 (8)

6.1 ± 0.3 (4)

6.4 ± 0.2 (4)

0.472

—

5.6 ± 0.3

dm1 MD

8.4 / 8.6

9.0, 9.5

8.6 ± 0.3 (10)

9.5 ± 1.1 (9)

8.8 ± 0.3 (5)

0.082

0.147

7.9 ± 0.4

dm1 BL

7.3 / 7.1

7.8

7.4 ± 0.7 (13)

7.8 ± 1.0 (8)

7.5 ± 0.2 (5)

0.806

—

7.4 ± 0.5

dm2 MD

11.0 / 10.8

10.3 ± 0.7 (5)

10.2 ± 0.6 (15)

11.0 ± 0.5 (7)

10.4 ± 0.5 (5)

0.094

0.785

9.9 ± 0.5

dm2 BL

9.7 / 9.6

9.3 ± 0.7 (13)

9.3 ± 0.5 (17)

9.7 ± 0.6 (7)

9.3 ± 0.2 (5)

0.406

0.940 8.9 ± 0.4

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four
reference samples plus t-tests across the two European samples.
a

ANOVA P-value based on three samples.

In the context of this, Lagar Velho 1 exhibits deciduous crown diameters which are generally average for Late Pleistocene humans (13 measurements, or 72.2%). Four of the measurements (22.2%, three of which are maxillary anterior mesiodistal diameters) are towards
the larger portion of the size range (above the means) (for the upper first incisors, second
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incisors and first molars) and only two are relatively modest (for the lower canines and first
molars, 11.1%). At the same time, all of the Lagar Velho 1 deciduous crown dimensions are
larger than the mean values for the recent human sample, six of them (33.3%) more than two
standard deviations above the recent human mean.
Therefore, the Lagar Velho 1 deciduous crown dimensions are generally unremarkable
for a Late Pleistocene late archaic or early modern human, but like its contemporaries, it has
deciduous teeth that are generally well above the means of recent Europeans.

The Permanent Dentition
In the permanent dentition, there are well-documented differences between the
European and Near Eastern late archaic and early modern humans in dental proportions
along the mandibular arcade, in which the late archaic humans consistently have absolutely and especially labiolingually relatively larger anterior teeth than cheek teeth (Stefan and
Trinkaus, 1998a). The same pattern exists among the maxillary teeth, but the degree of separation of the samples is less than in the mandibular dentition, perhaps due to the prevalence of shovel-shaped teeth with large lingual tubercles among the late archaic humans.
This contrast exists in the context of generally similar overall dental crown dimensions.
The same general pattern is evident in the comparisons here of the permanent tooth crown
diameters for which Lagar Velho 1 provides data (Tables 24-7 and 24-8). Across the four
Late Pleistocene samples, the principal differences are in the anterior teeth, although there
is a significant difference in the upper first molar mesiodistal diameter, largely produced
by the small earlier Upper Paleolithic values and the large Qafzeh-Skhul ones. In the pairwise comparison of the two European samples, it is only the labiolingual diameters of the
three incisors providing such measurements for Lagar Velho 1 that remain significant. All
of the Late Pleistocene samples have means which are above those of the recent European
sample.

Table 24-7
Comparative dental crown metrics for the maxillary permanent teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available.
Lagar
Velho 1

European
EUP

European
Neandertals

Qafzeh/
Skhul

NE
Neandertals

ANOVA
P

EUP/
Mean

Recent

I1 MD

9.0 / 9.1

9.1 ± 0.8 (5)

9.4 ± 0.6 (10)

10.4 ± 0.6 (8)

9.5

0.009

0.492

8.3 ± 0.5

I1 BL

7.2 / 7.4

7.7 ± 0.5 (15)

7.9 ± 0.4 (25)

8.2 ± 0.5 (12)

8.3 ± 0.4 (6)

0.005

0.008

7.1 ± 0.5

I2 MD

7.5 / 7.0

7.5 ± 0.6 (6)

7.8 ± 0.4 (7)

8.4 ± 0.4 (6)

8.6

0.041

0.385

6.4 ± 0.6

I2 BL

6.4 / 6.3

7.1 ± 0.5 (18)

8.0 ± 0.7 (26)

7.5 ± 0.6 (11)

8.2, 8.4, 8.9

C1 MD

7.7 / 7.9

8.2 ± 0.3 (7)

8.6 ± 0.4 (6)

9.0 ± 0.3 (5)

—

C1 BL

8.2

9.2 ± 0.9 (21)

9.5 ± 0.7 (21)

9.2 ± 0.8 (10)

9.9 ± 0.3 (6)

P1 MD

7.7 / 7.4

7.5 ± 0.6 (9)

7.9

7.4, 8.3, 8.7

—

11.3 ± 0.5 (5)

11.7 ± 0.4 (9)

11.0

M1 MD

10.6 / 10.7 10.9 ± 0.3 (10)

M1 BL

11.8 / 11.8 12.3 ± 0.8 (32) 12.0 ± 0.9 (27) 12.2 ± 0.7 (18) 12.2 ± 0.6 (8)

<0.001 <0.001 6.2 ± 0.5
a

0.003

0.048

7.6 ± 0.5

0.178

0.193

8.3 ± 0.6

—

6.5 ± 0.4

a

0.361

0.003

0.174 10.0 ± 0.6

0.363

0.149

11.2 ± 0.5

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four
reference samples plus t-tests across the two European samples.
a

ANOVA P-value based on three samples.
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Table 24-8
Comparative dental crown metrics for the mandibular permanent teeth. The right and
then left (right/left) values are provided for Lagar Velho 1 when both are available.
Lagar
Velho 1

European
EUP

European
Neandertals

Qafzeh/
Skhul

NE
Neandertals

I2 MD

6.5

6.7 ± 0.5 (4)

7.0 ± 0.3 (4)

7.0 ± 0.6 (5)

—

I2 BL

6.5

6.9 ± 0.5 (25)

7.6 ± 0.4 (20)

7.1 ± 0.6 (10)

8.2 ± 0.5 (8)

C1 MD

6.5

7.4 ± 0.6 (18)

7.7 ± 0.3 (5)

7.7 ± 0.6 (8)

7.8 ± 0.1 (4)

P1 MD

7.4

7.4 ± 0.6 (7)

7.8 ± 0.3 (7)

7.2, 8.5

—

11.7 ± 0.7 (9)

12.1 ± 0.7 (8)

11.5

M1 MD

11.9 / 11.8 11.8 ± 0.7 (10)

M1 BL

11.2 / 11.1

11.1 ± 0.7 (36)

10.9 ± 0.6 (41) 11.4 ± 0.6 (15) 10.8 ± 0.4 (9)

ANOVA
P

EUP/
Mean

Recent

a

0.466

5.7 ± 0.4

0.699

<0.001 <0.001 6.3 ± 0.4
0.931

0.548

6.6 ± 0.4

0.309

0.148

6.4 ± 0.4

0.581

0.666 10.7 ± 0.7

0.029

0.165

a

10.3 ± 0.5

Mean ± SD (N) for N ≥ 4; the individual values for N < 4. P-values provided for ANOVA comparisons across the four
reference samples plus t-tests across the two European samples.
a

ANOVA P-value based on three samples.

FIG. 24-1 – Bivariate plot of maxillary incisor mesiodistal (above) and labio(bucco-)lingual diameters (below). Black hexagon:
Lagar Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray
triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.
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– Bivariate plots of maxillary permanent anterior teeth versus first molar metric comparisons. Summed diameters are
those of the upper first and second incisors, and canines. Mesiodistal comparison above and bucco(labio)lingual comparison
below. Black hexagon: Lagar Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic
specimens, gray triangles: Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.
FIG. 24-2

In the context of this, Lagar Velho 1 has relatively modest overall permanent crown
diameters. In the maxillary dentition, only the second incisor and first premolar mesiodistal
diameters approach the means of even the smaller toothed earlier Upper Paleolithic sample,
and in the mandible principally the first molar diameters are sufficiently large to fall within
the range of means of the generally similar Late Pleistocene samples. Although all of the
Lagar Velho 1 permanent crown diameters fall above the recent human samples means, only
the upper and lower first premolar mesiodistal diameters are more than two standard deviations from those means.
Proportions along the dental arcade for several of these teeth can be assessed by plotting anterior dental diameters against each other and against first molar diameters. The
resultant plots for the maxillary teeth (Figs. 24-1 and 24-2) show modest differences between
the late archaic and early modern human samples with varying degrees of overlap. In the
two comparisons of upper first and second incisor dimensions (Fig. 24-1), the early modern

chapter 24

363

| COMPARATIVE DENTAL CROWN METRICS

humans show a trend towards relatively larger first incisors (or relatively smaller second
incisors) with some overlap between the samples. In both comparisons Lagar Velho 1 falls
near the middles of the overall distributions but closer to the early modern human distributions. In the comparisons of the summed anterior dental dimensions versus the same
dimension for the upper first molars (Fig. 24-2), there is little separation of the mesiodistal
diameters (despite only one Neandertal providing sufficiently intact and unworn anterior
teeth). However, there is a clear trend in the buccolingual diameters with the early modern
humans having generally relatively smaller anterior teeth. Lagar Velho 1 falls in the middle
of the overall mesiodistal distribution but among the early modern humans in the buccolingual distribution. Among the Neandertals, only the Cotencher 1 and, to a lesser extent, La
Ferrassie 2 dentitions approach Lagar Velho 1 in this comparison.
In the mandibular comparison of the second incisor and first molar buccolingual diameters (Fig. 24-3), the late archaic and early modern human samples exhibit a strong tendency for the Neandertals to have relatively larger second incisors, a pattern which is more pronounced when the full set of anterior and posterior teeth is present (Stefan and Trinkaus,
1998a). In the context of this, Lagar Velho 1 has a relatively and absolutely small lower second incisor, well within the early modern human distribution and separate from the
Neandertal one.

– Bivariate plot of mandibular second incisor versus first molar bucco(labio)lingual diameters. Black hexagon: Lagar
Velho 1, gray squares: European Neandertals, open squares: European earlier Upper Paleolithic specimens, gray triangles:
Near Eastern Neandertals, open triangles: Qafzeh-Skhul specimens.
FIG. 24-3

Summary
These considerations of the Lagar Velho 1 dental crown dimensions indicate that its
teeth were generally well within the ranges of variation of Late Pleistocene human teeth in
terms of absolute size, being relatively large overall in the deciduous dentition and relatively small in the permanent dentition. In the only cases in which its absolute or relative dental dimensions indicate affinities to one or the other of these Late Pleistocene samples, the
relative labiolingual diameters of its anterior teeth, it falls clearly with the European earlier
Upper Paleolithic sample.
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❚ CHRISTOPHER B. RUFF ❚ ERIK TRINKAUS ❚ TRENTON W. HOLLIDAY ❚

The Lagar Velho 1 postcranial skeleton retains at least one long bone with a complete,
undistorted intermetaphyseal length in every limb segment, with only the radius and clavicle requiring any estimation of their intermetaphyseal lengths, plus portions of the pelvis
(Chapters 13, 28, 29 and 30; Figs. 25-1 and 25-2). It therefore permits assessments of the
overall body proportions of the individual. The only immature earlier Upper Paleolithic individuals that are similarly complete are the early adolescent Sunghir 2 and late juvenile
Sunghir 3, the latter of which experienced abnormalities affecting its body proportions
(Alexeeva et al., 2000). Among Middle Paleolithic immature human remains, only the La
Ferrassie 6 and Roc de Marsal 1 Neandertals and the Qafzeh 10 and Skhul 1 early modern
humans preserve adequate limb segments for such assessments, and none of them has the
degree of completeness seen in Lagar Velho 1 (McCown and Keith, 1939; Heim, 1982b;
Madre-Dupouy, 1992; Tillier, 1999).

– Anterior view of the Lagar Velho 1 left arm bones.
Scale in centimeters.
FIG. 25-1
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– Anterior view of the Lagar Velho 1 right femur and
left tibia and fibula. Scale in centimeters.
FIG. 25-2

Moreover, analyses of mature body proportions of Late Pleistocene human remains
(e.g., Trinkaus, 1981; Ruff, 1994; Holliday, 1995, 1997a, 1997b, 2000a) have shown that
there are distinct patterns and contrasts in limb segment and relative trunk dimensions
across the samples in question. It should therefore be possible, despite the immature status
of Lagar Velho 1, to provide an assessment of its limb proportions and their implications for
its position in Late Pleistocene human evolution. This is particularly relevant, since it was
the recognition that the distal lower limb length of Lagar Velho 1 appeared exceptionally
short for a European early modern human that led initially to the hypothesis that this individual had some Neandertal ancestry.

General Considerations
The existence of geographic clines in body size and shape within homeothermic species
has been recognized for more than a century (Bergmann, 1847; Allen, 1877); these clines
have come to be recognized in the form of ecogeographic, or climatic “rules” (Mayr, 1956,
1963). Bergmann’s rule states that populations of a species from colder regions tend to be
larger in body size than those from warmer regions, while Allen’s rule states that extremities will be relatively shorter in populations from colder regions and relatively longer in those
from warmer regions. As discussed in particular by Schreider (1964), both rules can be
explained as special cases of a more general physiological relationship in which surface area
to body mass is minimized in colder climates (to reduce heat loss) and maximized in
warmer climates (to reduce overheating). The same rules have been shown to apply very well
to living humans (e.g., Roberts, 1978). Human archeological and fossil remains are more
difficult to analyze, but where it has been possible to evaluate them, they have demonstrated many of the same general trends observable among extant populations (Trinkaus, 1981;
Ruff and Walker, 1993; Ruff, 1994; Rosenberg et al., 1999).
Of particular relevance to the current study, analyses of Neandertal remains have consistently demonstrated a distinctive postcranial morphology characterized by a wide body
with relatively short limbs, particularly distal limb segments, similar to that observed in living cold-adapted populations such as Inupiat (Alaskan Eskimo) and Saami (Lapps)
(Trinkaus, 1981; Ruff, 1994; Holliday, 1997b). In contrast, populations succeeding
Neandertals in Europe were characterized by narrower bodies and relatively longer limbs,
more similar to the body form of subtropical modern humans (Trinkaus, 1981; Ruff, 1994;
Holliday, 1997a). In fact, recent evidence indicates that the general features of “Neandertal”
body shape are not unique to Neandertals, but probably characterized all higher latitude
archaic Homo (Trinkaus et al., 1999c; Arsuaga et al., 1999; Rosenberg et al., 1999). There is
also some evidence that populations succeeding Neandertals in Europe underwent a slow
but progressive change in body shape towards one more closely approximating that of living
Europeans, i.e., less subtropical in form (Jacobs, 1985; Ruff, 1994; Holliday, 1997a). Both of
these observations are consistent with the interpretation of body shape as at least in part climatically selected.
Thus, the body proportions of the Lagar Velho child potentially have both phylogenetic
and adaptive significance. The age of the specimen — slightly under 5 years (Chapter 14) —
complicates the analysis, however, since there are far fewer comparative postcranial specimens of children available, modern or earlier, than there are for adults. It is not clear to what
extent the well-documented ecogeographic differences in adult body form are reflected in
young children, or how constant such proportions are from early childhood through adult-
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hood. Both of these issues are addressed in this chapter using a number of modern human
population samples. Lagar Velho 1, and other available Pleistocene specimens, are evaluated
within this context. The body size (stature and body mass) of Lagar Velho 1 at the time of
his/her death is estimated using equations developed from modern human samples.
Finally, the limited evidence available regarding genetic versus environmental influences on
body proportions is briefly reviewed.

Comparative Samples
Both living and recent archeological samples are used here to document modern
human variation in body proportions and to compare with Lagar Velho 1 and other Late
Pleistocene specimens. Anthropometric data are available for a wide variety of living juvenile samples (e.g., Eveleth and Tanner, 1976). Comparative data of this kind are considered
here, including those for a relatively large sample of juvenile Inupiat (Jamison and Zegura,
1970; Jamison, 1978).
However, most anthropometric data are difficult to relate directly to osteological specimens, since they are based on external measurements of the body and not on the underlying skeletal elements themselves. Juveniles pose a particular problem in this regard, since
the skeleton is still growing and thus is composed in part of cartilage, which is not preserved
in archeological material. Radiographic studies of modern human children can be used to
measure skeletal dimensions, and one of these, from the Denver Growth Study
(McCammon, 1970), provided an important comparative sample in the present study. The
Denver Growth Study was also longitudinal, i.e., repeated measurements of the same children were taken from near birth through skeletal maturity, thus providing the opportunity
to directly predict adult dimensions from juvenile dimensions of the same individuals. In
addition, because anthropometric data were also collected for this sample, prediction of body
dimensions (height, weight, etc.) from skeletal dimensions could be carried out. However,
this study, like all currently available radiographic studies of this kind, is limited to
Euroamerican children. To expand the range of geographic and morphological variation in
the comparative sample, data for two juvenile recent archeological samples — skeletal
remains of Inupiats and Nubians — were also included here, the latter measured by one of
us (CBR) specifically for this study.
The Denver Growth Study was a comprehensive longitudinal study of growth and
development in children from the Denver, Colorado area, carried out between 1927 and
1967 and including various physiological and physical measurements (McCammon, 1970).
Of particular interest here are the anthropometric and radiographic examinations that were
carried out (Hansman, 1970; Maresh, 1970). Although over 300 individuals participated in
the study, a much smaller subset of these were followed from birth through maturity with
relatively complete records for these parameters (see data tables in above references). The
original radiographs from the study were examined at Wright State University (Division of
Human Biology, Department of Community Health, Yellow Springs, Ohio), and 20 individuals — 10 males and 10 females — with almost complete records of high quality radiographs from less than a year through at least 17 years of age (in one case, 16.5 years) were
chosen for analysis (after the first year radiographs were usually obtained every 6 months;
the average number of usable radiographs per individual was 35). A series of measurements
of femora and humeri were taken with calipers on these anteroposterior (AP) radiographs,
including diaphyseal cortical breadths, articular and metaphyseal breadths, and bone
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lengths. For the present purposes, only the bone lengths and two of the articular/metaphyseal breadths — superoinferior (SI) breadth of the femoral head and mediolateral (ML)
breadth of the distal femoral metaphysis — are included, since they were found to be useful
in reconstructing body size and proportions in Lagar Velho 1 (see below).1
Three types of bone lengths were measured on the Denver sample, depending on developmental stage: intermetaphyseal length, maximum total length including epiphyses, and
“biomechanical length,” which also requires epiphyses and was used only in determining
diaphyseal breadth locations (see Chapters 29 and 30). Intermetaphyseal lengths were measured up to about 13 years of age, and maximum lengths beginning about 4 years in femora and about 10-11 years in humeri (distal humeral epiphyses are not sufficiently formed
until the later age). Thus, the relative contributions of epiphyses to maximum lengths can
be assessed in the years of overlap, which was useful in interpreting changes in bone length
indices using intermetaphyseal versus maximum lengths (see below). Tibial and radial intermetaphyseal and maximum lengths were obtained from the Denver Growth Study database
(Siervogel, pers. comm.); intermetaphyseal and maximum lengths for these bones also overlapped in the 10-12 year age range (also see Maresh, 1970).
Radiographic magnification factors due to parallax were estimated using information
given in publications on the Denver Growth Study and other similar radiographic studies.
Based on results in Green et al. (1946) for the tibia and femur, adjusted for differences in
tube-film distance from that used in the Denver Growth Study, and assuming the
humerus to have similar magnification factors as the femur and tibia, the following equation was derived and used to adjust femoral, tibial, and humeral linear dimensions (all in
mm) when intermetaphyseal length was 217 mm or greater (Green et al.’s minimum
length): adjusted dimension = 0.949 x (original dimension) + 5.63. This produces magnification factors of about 2.5-4% in the Denver sample (larger in the older/larger individuals), consistent with Maresh’s general estimates (1955, 1970). In shorter bones
(younger/smaller individuals) the original measurements were uniformly adjusted downwards by 2.5%. For the radius, which has far less soft tissue between subject and film,
dimensions were adjusted downwards by 2% in all individuals, based on information
given in Gindhart (1973).
Anthropometric data for the same individuals and examination dates were also
obtained from the Denver Growth Study database (Siervogel, pers. comm.). These included
height, weight, sitting height, and bi-iliac (maximum pelvic) breadth, as well as other dimensions not used in this study.
For direct comparison with Lagar Velho 1, the examination date with the most complete radiographic and anthropometric data closest to 4.5 years was identified for each of
the 20 individuals in the Denver sample. The mean age of this sample was 4.6 years (range
4.0-5.5 years). The same was done for the oldest available examination age, referred to
below as “adults”; the average associated age for these data was 18.3 years (range 16.5-21.5
years; the one 16.5 year-old was a female). All individuals in this group had completed or
nearly completed long bone growth in length and articular dimensions, as judged by radiographic measurements at adjacent ages. For certain analyses of age changes in proportions, the complete data set for the Denver sample, i.e., at all ages (except for infants), was
employed.
Bone length data for a small juvenile Inupiat sample from recent archeological sites at
Point Hope and Unalakleet, Alaska, were obtained from Smithsonian Institution computer
archives (Ousley, pers. comm.). The sample included five individuals with matched
radius/humerus intermetaphyseal lengths, and five with matched tibia/femoral intermeta-

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

368

physeal lengths (three individuals had matched data for all four bones). Two individuals had
been aged to 4-5 years, one to 3-5 years, one to 2-5 years, and three to 6-9 years. For an appropriate adult osteological comparison, data from Trinkaus (1981) for Kodiak Island Inupiats
(N = 40, each sex) were used.2
In addition, mean long bone lengths from a combined recent archeological
Inupiat/Aleut juvenile sample from Kodiak Island were available from Y’Edynak (1976). Her
sex-specific “4-5.9 year” age group means were used here. A total of 6 males and 10 females
in this age group had been measured; all of these had a femur and a tibia, but one or more
individuals were missing a humerus and/or a radius in each sex-specific group. Because of
the problems inherent in using non-matched data, especially in small samples like these,
intramembral length indices were only calculated for the femur and tibia. Since even these
indices were calculated from mean data, they are not strictly comparable to individual data
(i.e., the ratio of means is not necessarily equal to the mean of ratios, and this problem is
exacerbated in small samples); also, this sample included some (unspecified) number of
Aleuts, who may show some differences from Inupiats in limb length proportions. Thus,
these data are included here mainly for additional comparison with the small sample of individual Inupiat data.
The Nubian juvenile osteological sample was obtained from collections in the
Department of Anthropology, University of Colorado in Boulder. The sample measured was
from the Early Christian period (circa 550-750 AD) cemetery, site 21-S-46, on Kulubnarti
Island, which is located in northern Sudan (Van Gerven et al., 1995). A large number of wellpreserved younger juvenile skeletons were excavated from this site (Hummert, 1983; Greene
et al., 1986), facilitating selection of individuals in the age range of Lagar Velho 1. A series
of growth and paleopathological studies, summarized in Van Gerven et al. (1995), have documented nutritional deficiencies in this population, which contributed to the high early
childhood mortality rates. As shown below, this appears to have had little effect on limb bone
length indices, although it likely reduced total stature in both juveniles and adults
(Hummert and Van Gerven, 1983). Age in younger children was determined using dental
developmental standards (Hummert and Van Gerven, 1983), and sex in adults using pelvic
criteria (or preserved soft tissue where present) (Greene et al., 1986). Fifteen children ranging in age from 3 to 6 years (mean 4.67 years, 11 of 15 either 4 or 5 years old) were selected
and intermetaphyseal lengths of the femur, tibia, humerus and radius were measured.
A sample of 14 adults — 7 males and 7 females — from the same site was also measured
for comparison (maximum bone lengths).
Finally, anthropometric data for a cross-sectional sample of juvenile to young adult
Inupiat from northern Alaska (Wainwright, Point Hope, and Barrow) (Jamison and
Zegura, 1970; Jamison, 1978) were used in some comparisons. Individual data for about
200 individuals (Ns varying slightly by dimension) were obtained courtesy of Dr. P.L.
Jamison. The individuals ranged in age from about 5 years (two individuals were between
4 and 5 years) to 20.5 years. Dimensions included here were stature, bi-iliac breadth, and
several measures approximating long bone lengths or limb segment lengths, specifically,
“humerus” (acromion to inferior surface of proximal ulna with flexed elbow), “radius”
(radiale-stylion), “tibia” (tibiale height-spherion height), and “upper thigh” lengths (stature-sitting height-“tibia” length), the last two calculated by us. These lengths cannot be used
to compare with true osteological bone length measures (for example, “upper thigh” length
is significantly shorter than femur length), but since they should be internally consistent
in the sample, they are useful for investigating possible age changes in intramembral segment length proportions.
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In addition to the modern samples, a number of Neandertal and Early Upper Paleolithic specimens, juvenile and adult, were included in comparisons where appropriate data
were available. The specimens were subdivided into four groups: European Neandertals,
Near Eastern Neandertals, Middle Paleolithic Near Eastern early modern humans (Qafzeh
and Skhul), and Early Upper Paleolithic (EUP)-associated early modern Europeans. The last
group is limited to specimens dated at 20 000 BP or earlier (Holliday, 1997a, 1997b). Only
individuals preserving paired proximal and distal elements (i.e., a femur and tibia, and/or
humerus and radius) were included in the analysis. For juveniles, only individuals in the
same general age range as Lagar Velho (i.e, 2-9 years) were included. The adult data (Table
25-1) were obtained through personal measurement of all of the original fossils except the
lost Předmostí remains (Matiegka, 1938) and Sunghir 1 (Kozlovskaya and Mednikova, 2000)
(see Holliday, 1995; Sládek et al., 2000); note that several specimens included in a Late
Upper Paleolithic sample in Holliday (1995) are here included in the Early Upper Paleolithic
sample. The immature data (Table 25-2) derive from personal measurement of La Ferrassie
6 and Skhul 1; the Qafzeh 10 data are in part from Tillier (1999), and the Roc de Marsal 1
data are from Madre-Dupouy (1992). Measurements of the Teshik-Tash 1 femur are from a
plaster cast. Femoral bicondylar lengths were converted to maximum lengths, where necessary, as described in footnote 2.

Intramembral Length Proportions
General Issues
As noted earlier, geographic clines in relative limb length have been demonstrated
among living human adults, most often in the lower limb (e.g., sitting height/stature, negatively correlated with mean annual temperature), although also in the upper limb (e.g., arm
span/stature, positively correlated with average annual temperature) (Roberts, 1978). Since
both total limb and trunk lengths are difficult to evaluate in osteological or fossil specimens,
these are most commonly evaluated through comparison of distal to proximal limb element
lengths, i.e., crural (tibial/femoral) and brachial (radial/humeral) indices (Trinkaus, 1981;
Ruff and Walker, 1993 and references therein). The rationale for this approach is based on
the observations that variation between modern populations in the lengths of distal limb
elements is greater than that in proximal limb elements, at least in the lower limb (Ruff and
Walker, 1993; Holliday, 1999; Holliday and Ruff, 2001), and that clinal variation in
intramembral length indices parallels that in relative total limb length (e.g., Trinkaus, 1981).
There is also the possibility that similar physiological mechanisms are in part responsible
for changes in total limb length growth and preferential growth in length of distal limb elements (Trinkaus, 1981).
Recently, one of us (Holliday, 1997a) estimated “skeletal trunk height” (not including
the head and neck) from vertebral body heights in a series of modern human population
samples and demonstrated the same clinal trends in limb bone lengths to estimated trunk
height. A comparison of relative limb lengths — (femur + tibia) / trunk height and
(humerus + radius) / trunk height — with corresponding crural and brachial indices was
carried out for those individuals in the sample that preserved all vertebral body heights and
long bone lengths (N = 178 and 174 for lower and upper limbs, respectively). In both limbs,
the correlation between relative limb length and intramembral proportions is significant
but not particularly high: for crural index and lower limb length / trunk height, r = 0.429
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(P < 0.0001); for brachial index and upper limb length / trunk height, r = 0.468
(P < 0.0001). Thus, while intramembral proportions to some extent reflect total limb
length / trunk proportions, the two measures are not equivalent, and this should be kept
in mind when interpreting the following results. Interestingly in this regard, within Upper
Paleolithic samples there occurred a reduction through time in relative limb length/trunk
height, but not in crural and brachial indices, again demonstrating the potential independence of the two measures (Holliday, 1997a). However, both relative limb length and
intramembral proportions varied in the same direction in Neandertal-Early Upper
Paleolithic comparisons (Holliday, 1997a, 1997b). The significance of these observations
will be discussed at the end of this chapter.
Although intramembral bone length proportions are traditionally expressed as
indices, or ratios, the primary method of comparison here is through linear regression of
distal element lengths on proximal element lengths. When such proportions are isometric (log-log slopes nonsignificantly different from 1.0) the two methods give similar
results, but when they are not, ratios can produce misleading results. Differences in line
elevations were tested using analysis of covariance, after first testing for equality of slopes
(no elevation tests were carried out if slopes were significantly different) (Zar, 1984).
Lagar Velho 1 and other individual specimens were compared to different reference
groups by calculating “percent prediction errors” (%PE) (sensu Smith, 1981; Jungers,
1984), or [(observed-predicted)/predicted] x 100, relative to each group’s regression line.
Both least squares (LS) and reduced major axis (RMA) (Aiello, 1992) regression techniques were used to fit lines through the reference groups. Because no parametric test for
comparing RMA line elevations exists, and because statistical graphics packages commonly plot LS but not RMA lines, LS regression was used to compare groups and for plotting purposes; however, individual fossils were compared to both LS and RMA lines of
reference groups. SYSTAT 5.0 (1990) was used for all statistical analyses. A 0.05 probability level was considered significant.

Adults
We begin by presenting results for adults.
Although these are shown to basically confirm
previously observed patterns (Trinkaus, 1981;
Ruff, 1994; Holliday, 1997a, 1997b), they are
important in establishing the context for subsequent analyses of juvenile data from the
same (or very closely related) populations.
Tibial to femoral length proportions in
adult Nubians (Kulubnarti), Euroamericans
(Denver Growth Study), and Alaskan Inupiats
are shown in Fig. 25-3. Although there is substantial overlap in individual data distributions,
all groups are significantly different from each
other in elevation (P < 0.05), with Nubians having the relatively longest tibiae and Inupiats the
shortest tibiae, as expected. The Euroamerican
and Inupiat samples are closer in proportions
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– Tibial to femoral length proportions in modern
human adults. Crosses: Kulubnarti Nubians; filled circles:
Denver Euroamericans; open circles: Alaskan Inupiats.
Least squares regression lines drawn through each
sample.
FIG. 25-3

– Radial to humeral length proportions in modern human adults. Crosses: Kulubnarti Nubians; filled circles: Denver
Euroamericans; open circles: Alaskan Inupiats. Least squares regression lines drawn through each sample.
FIG. 25-4

than the Euroamerican and Nubian samples. The Nubian sample was also compared in the
same way to a larger (N = 46) sample of Sub-Saharan East Africans (Ruff, 1995) and was
found to be nonsignificantly different from those; thus, this sample appears to be representative of “tropically” proportioned modern populations. Similarly, the Denver sample of
Euroamericans is nonsignificantly different from a large (N = 100) sample of recent Europeans (Holliday, 1997a).
Radial to humeral length proportions show significant sexual dimorphism, with males
having relatively longer radii (Trinkaus, 1981, also characteristic of all of the present modern
samples), thus, sexes must be compared separately in the upper limb. Fig. 25-4 shows such
comparisons for the three modern adult samples. All three male groups are significantly different from each other in elevation (P < 0.05), in the same direction as in the lower limb comparisons. Female Nubians are significantly (P < 0.01) different from the other two groups, but
Euroamerican and Inupiat females are nonsignificantly different (P > 0.20). As in the lower
limb, Nubian males and females are not significantly different in proportions from their
counterparts in the East African sample (Ruff, 1995) (N = 27 males and 19 females), nor are
Denver males and females different from the larger recent European sample (Holliday,
1997a) (N = 55 males and 46 females).
Long bone lengths for 40 adult Late Pleistocene specimens preserving paired proximal
and distal elements (i.e., a femur and tibia and/or humerus and radius) are shown in Table
25-1. The specimens are plotted along with regression lines for the three modern adult samples in Figs. 25-5 and 25-6. Sexes are pooled for the lower limb, while upper limb data are
plotted separately for each sex ; where sex of a Late Pleistocene specimen is uncertain (Table
25-1) that specimen is included in both male and female plots.
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Table 25-1
Long bone maximum length measurements for Late Pleistocene comparative
samples. Data from Matiegka (1938), Holliday (1995), Kozlovskaya and Mednikova
(2000) and Sládek et al. (2000).
Group1

Sex2

Baousso da Torre 2

EUP

1

Barma del Caviglione 1

EUP

1

Specimen

Femur

Tibia

Humerus

Radius

–

–

363.0

264.0

467.4

410.0

335.0

258.5

Barma Grande 2

EUP

1

525.5

434.0

379.0

287.0

Cro-Magnon 3

EUP

1

–

–

335.0

265.0

Dolní Věstonice 3

EUP

2

420.7

359.0

309.0

237.0

Dolní Věstonice 13

EUP

1

445.6

382.3

334.0

256.5

Dolní Věstonice 14

EUP

1

503.8

420.0

374.0

285.0

Dolní Věstonice 16

EUP

1

469.9

389.5

332.0

263.0

Fanciulli (G-d-E) 4

EUP

1

521.6

455.0

365.0

279.0

Fanciulli 5

EUP

2

435.0

367.0

291.0

233.0

Fanciulli 6

EUP

1

419.2

350.0

270.0

217.0

Paglicci 25

EUP

2

–

–

322.0

260.0

Parabita 1

EUP

1

483.2

411.0

–

–

Parabita 2

EUP

2

472.4

391.0

–

–

Pataud 5

EUP

–

–

–

307.0

231.0

Paviland 1

EUP

1

478.3

398.0

–

–

Pavlov 1

EUP

1

–

–

378.0

286.0

Předmostí 3

EUP

1

489.0

421.0

357.0

279.5

Předmostí 4

EUP

2

419.0

364.5

321.0

252.5

Předmostí 9

EUP

1

447.0

373.5

329.0

258.0

Předmostí 10

EUP

2

418.5

359.0

311.0

245.0

Předmostí 14

EUP

1

456.5

395.0

335.5

264.5

Sunghir 1

EUP

1

495.0

421.0

358.0

282.0

Qafzeh 9

Q-S

1

471.9

400.0

330.0

252.0

Skhul 4

Q-S

1

492.0

434.0

337.0

274.0

Skhul 5

Q-S

1

506.8

443.0

373.0

253.0

Skhul 6

Q-S

–

483.2

405.0

–

–

La Chapelle-aux-Saints 1

Eur. Nean.

1

433.0

340.0

311.5

226.5

Feldhofer 1

Eur. Nean.

1

–

–

312.0

237.5

La Ferrassie 1

Eur. Nean.

1

460.6

370.0

335.0

243.0

La Ferrassie 2

Eur. Nean.

2

407.4

311.0

287.0

200.0

Régourdou 1

Eur. Nean.

–

–

–

310.0

233.0

Spy 2

Eur. Nean.

1

426.6

331.0

–

–

Amud 1

NE Nean.

1

484.2

386.0

–

–

Kebara 2

NE Nean.

1

–

–

324.0

256.0

Shanidar 1

NE Nean.

1

460.6

355.0

–

–

Shanidar 4

NE Nean.

1

–

–

305.0

238.0

Shanidar 5

NE Nean.

1

449.7

355.0

–

–

Shanidar 6

NE Nean.

2

387.7

300.0

293.0

217.5

Tabun 1

NE Nean.

2

413.3

319.0

287.0

222.0

1

European Early Upper Paleolithic, Qafzeh-Skhul early modern humans, European Neandertals and Near Eastern
Neandertals.
2
1 = male, 2 = female, blank = uncertain
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For tibia versus femur length, all Neandertals fall just below the regression line for
modern Inupiats (Fig. 25-5), i.e., they have
very short tibiae relative to femora. The
Qafzeh-Skhul and European EUP specimens
almost all fall between modern Euroamerican and Nubian samples, i.e., they have moderately long tibiae. There is no discernable
difference in proportions between European
and Near Eastern specimens, within Neandertals or early moderns. If regression lines
are run through the combined Neandertal
and combined early modern groups, they are
highly significantly different from each other FIG. 25-5 – Tibial to femoral length proportions in Late
in elevation (P < 0.0001).
Pleistocene adult samples relative to modern human
Less clear-cut patterns characterize regressions (see Fig. 25-1). Small open circles: European
Early Upper Paleolithic; large open circles: Skhul-Qafzeh;
upper limb proportions (Fig. 25-6). European small filled squares: European Neandertals; large filled
Neandertals have relatively short radii, simi- squares: Near Eastern Neandertals. See Table 25-1 for
lar on average to modern Inupiats, but Near individual specimens.
Eastern Neandertals have relatively longer
radii and are on average most similar to Euroamericans. Early modern specimens are also
variable, although most fall between Euroamerican and Nubian regression lines, or slightly
above the Nubian line [Skhul 5 is an extreme negative outlier; note that although the lower
limb bones of Skhul 5 were extensively reconstructed, its humeri and forearm bones are
largely complete (McCown and Keith, 1939) and so its upper limb segment proportions are
reliable]. Despite the overall greater variability in proportions, regression lines through the
combined Neandertal and combined early modern groups are still significantly different in
elevation (P < 0.01).

– Radial to humeral length proportions in Late Pleistocene adult samples relative to modern human regressions (see
Fig. 25-2). Small open circles: European Early Upper Paleolithic; large open circles: Skhul-Qafzeh; small filled squares:
European Neandertals; large filled squares: Near Eastern Neandertals. See Table 1 for individual specimens.
FIG. 25-6
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On the whole, these results corroborate those of previous studies of adult Late Pleistocene specimens (Trinkaus, 1981; Ruff, 1994; Holliday, 1997a, 1997b, 2000a; and references therein) that have demonstrated systematically reduced distal to proximal limb
element length proportions in Neandertals relative to early modern groups. This pattern
exists in both the Near East and Europe, except for the upper limb in Near Eastern specimens.

Juveniles
Tibial to femoral intermetaphyseal length proportions for the modern juvenile samples
are shown in Fig. 25-7. The mean data for the Kodiak Island sample (Y’Edynak, 1976) are
plotted for comparison but were not used in calculating the Inupiat regression line. As with
adults from the same populations, there is overlap among individuals from the three
groups. However, differentiation between groups is also apparent, in patterns that are very
similar to those for adults (compare with Fig. 25-3). Nubian children have the relatively
longest tibiae, followed by the Euroamerican sample and then Inupiats. The NubianEuroamerican difference in elevation is highly significant (P = 0.001), while the Euroamerican-Inupiat difference does not reach significance. This latter result is probably in part a
product of the very small sample size of juvenile Inupiats available (N = 5), although, like
adults (Fig. 25-3), there does appear to be slightly less difference in proportions between
Euroamericans and Inupiats than between Euroamericans and Nubians. The mean data for
the Kodiak Island sample fall near to the regression line for individual Inupiats.
Comparisons within the known-sex Euroamerican sample demonstrate that the adult
sex difference in radial to humeral length proportions is present as early as 4-5 years of age:
males in this sample are greater than females in elevation (P < 0.05) [This same result can
also be demonstrated in the juvenile Inupiat anthropometric data set (Jamison and Zegura,

FIG. 25-7 – Tibial to femoral length proportions in modern
human children. Crosses: Kulubnarti Nubians; filled
circles: Denver Euroamericans; small open circles: Alaskan
Inupiats. Least squares regression lines drawn through
each sample. Large open circles: male and female means
for Eskimo/Aleut sample reported by Y’Edynak (1976).
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– Radial to humeral length proportions in modern
human children. Crosses: Kulubnarti Nubians; filled
circles: Denver Euroamericans; small open circles: Alaskan
Inupiats. Least squares regression lines drawn through
each sample.
FIG. 25-8

1970; Jamison, 1978)]. Since it was not possible to sex the Nubian or Inupiat (or Late Pleistocene) juvenile samples, only combined-sex analyses could be carried out for the upper
limb. However, the possibility of greater variability within samples due to sex-related differences should be borne in mind when interpreting these results, and later results including Pleistocene specimens.
Fig. 25-8 shows radial to humeral length proportions in the modern juvenile samples.
Comparisons between groups indicate significant differences in elevation between Nubians
and Euroamericans (P < 0.01) and between Euroamericans and Inupiats (P < 0.001) (Note
that mean upper limb data for the Kodiak Island sample were not available, as explained earlier). Thus, as in the lower limb, patterns of differences in young children are similar to
those in adults from the same populations (compare with Fig. 25-4).
Bone length data for the Late Pleistocene juvenile specimens are given in Table
25-2. Besides Lagar Velho 1, there are only four available specimens in Lagar Velho’s general age range that preserve paired upper or lower limb bones (Sunghir 2, at about 13 years,
is substantially older and not included). Unfortunately, the two early modern specimens
are from the Near East, and the two Neandertals are from Europe. However, since generally similar patterns of proportional differences between early moderns and Neandertals
were observed in the two regions among adults (except in the upper limb in Near Eastern
Neandertals, which are not represented in the juvenile sample), this factor may not be too
critical.

Table 25-2
Intermetaphyseal maximum lengths for Lagar Velho 1 and juvenile Late
Pleistocene associated remains.
Specimen

Group

Age (yrs.)

Femur

Tibia

Humerus

Radius

4.0-5.5

199.0

156.1

143.0

105.5

168.0

125.6

180.0

156.0

138.0

120.0

Lagar Velho 1
Qafzeh 10

Qafzeh-Skhul

6.0

Skhul 1

Qafzeh-Skhul

4-5

Roc de Marsal 1

European Neandertals

2-2.5

164.0

130.0

128.0

91.0

La Ferrassie 6

European Neandertals

3-5

166.0

127.0

–

–

Table 25-3
Percent prediction errors [((observed-predicted)/predicted) x 100] for Late
Pleistocene juvenile specimens relative to recent human samples, for least squares
(LS) and reduced major axis (RMA) regression analyses.
Tibia/Femur
Nubians

Lagar Velho 1

Euroamericans

Inupiat

LS

RMA

LS

RMA

LS

RMA

-7.3

-7.5

-2.8

-2.0

-0.5

-0.4

Skhul 1

2.6

2.6

8.6

10.3

10.4

10.6

Roc de Marsal 1

-5.9

-5.9

0.5

2.9

1.4

1.6

La Ferrassie 6

-9.2

-9.2

-3.2

-1.0

-2.2

-2.0

Lagar Velho 1

-5.6

-5.8

-2.9

-2.4

3.6

3.7

Skhul 1

11.5

11.6

14.1

14.8

22.7

22.9

Qafzeh 10

-5.3

-6.2

-0.4

-0.5

3.2

3.2

Roc de Marsal 1

-8.4

-7.9

-7.3

-6.5

1.3

1.5
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Comparisons of the Pleistocene juvenile specimens with the three modern groups are
shown in Figs. 25-9 and 25-10, and Table 25-3. Table 25-3 lists the percent prediction errors
of distal limb element lengths relative to proximal limb element lengths for both least
squares and reduced major axis regressions through the three modern samples, although
only the least squares lines are plotted in Figs. 25-9 and 25-10, as discussed earlier. In most
cases LS and RMA methods produce very similar results.

–Tibial to femoral length proportions in Late
Pleistocene juvenile samples relative to modern human
juvenile regressions (see Fig. 25-5). Filled star: Lagar Velho
1; open circle: Skhul 1; filled squares: La Ferrassie 6 and
Roc de Marsal 1. See Table 25-2 for individual data.
FIG. 25-9

– Radial to humeral length proportions in Late
Pleistocene juvenile samples relative to modern human
juvenile regressions (see Fig. 25-6). Filled star: Lagar Velho
1; open circle: Skhul 1; filled square: Roc de Marsal 1. See
Table 25-2 for individual data.
FIG. 25-10

In tibial to femoral length proportions, Lagar Velho 1 is very similar to Inupiats and
least similar to Nubians (Fig. 25-9, Table 25-3). The two European Neandertals — Roc de
Marsal 1 and La Ferrassie 6 — are also least similar to Nubians and about equally similar
to Euroamericans and Inupiats. However, because these two specimens fall so far below the
size range for Euroamericans (Fig. 25-9), comparisons with this group are less certain. Still,
regardless of the comparative group or line-fitting method, it is clear that these two specimens and Lagar Velho 1 have similar tibial/femoral length proportions, and that all three
group with the modern higher latitude samples. In contrast, Skhul 1 is clearly closer in proportions to the modern Nubian sample.
In radial to humeral length proportions, Lagar Velho 1 is intermediate between Inupiats and Euroamericans (Fig. 25-10, Table 25-3). The only Neandertal, Roc de Marsal 1, is
very similar to Inupiats. The two Near Eastern early modern specimens are quite variable
in proportions, with Skhul 1 again falling closest to (but well above) Nubians, and Qafzeh
10 falling closest to Euroamericans and actually closer to Inupiats than to Nubians. It is
possible, as noted above, that some of this variability is due to sex-related differences in
upper limb element proportions, which could not be accounted for here. Also, among
adults, Near Eastern specimens in general show greater variability in upper limb proportions, including again an extreme negative outlier among early moderns (Skhul 5; see Fig.
25-6), so it is perhaps not surprising to encounter similar variability among juveniles
from this region.
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Overall, these results indicate that Lagar Velho 1 and European Neandertal juveniles
in the same general age range share similar intramembral length proportions that most
closely resemble those of modern higher latitude samples. Comparisons with early modern
specimens are somewhat hampered by a lack of European data, but results here are generally concordant with those for adults, with clear differences apparent between Lagar Velho
1 (and Neandertals) and early moderns in the lower limb, and probable but less consistent
differences in the upper limb.

Prediction of Adult from Juvenile Proportions
Because there are so many more adult than juvenile Late Pleistocene specimens
(Tables 25-1 and 25-2), it is of interest to estimate the adult proportions of Lagar Velho 1 for
comparison with other adult values. Since the Denver Growth Study was longitudinal, it is
possible to predict adult intramembral length proportions from those of the same individuals as 4-5 year olds. One potential approach would be to estimate remaining growth of the
two paired bones (e.g., tibia and femur) and then compare resulting adult proportions. However, it was found that estimation errors for adult proportions were very high using this
method, given the combined estimation errors for growth in each element. In contrast, estimation errors using limb bone indices — crural and brachial — of juveniles to predict those
of adults were reasonably low (see below). Thus, this approach is used here to develop adult
prediction equations for Lagar Velho 1.
One individual in the Denver sample was found to be an outlier in terms of 4-5 yearold versus adult crural indices (more than twice the difference between indices of any
other individual in the sample). Examination of his crural indices at 4-5 years and adjacent
ages indicated unusually large variability, likely due to positioning and/or measurement
error (measurement error in tibial length was not possible to assess since these data were
obtained from a pre-existing database, as described earlier). Therefore, this individual was
deleted from the sample for these analyses.3
Intramembral bone indices were calculated from intermetaphyseal lengths in the
Denver children and from maximum lengths in the adults (all indices are the ratio of distal to proximal element lengths, multiplied by 100). Comparisons of 10-12 year-olds in the
sample for whom both measurements were available (see above) indicate that the brachial
index is only marginally affected by this difference in dimensions (mean difference ± SE =
0.38 ± 0.19, P = 0.06, paired t test). However, the crural index calculated using maximum
lengths is significantly larger than that using intermetaphyseal lengths, by about 2.0 (1.99
± 0.09, P < 0.0001). This is because epiphyses contribute slightly more to maximum tibial length (about 12%) than to maximum femoral length (about 10%).
The mean brachial index in Denver 4-5 year-olds is 75.20 ± 0.27, and in the same adults
75.54 ± 0.48, nonsignificantly different from each other (P = 0.40, paired t test). The mean
difference of 0.35 (with rounding) between age groups is almost exactly the same as that for
maximum versus intermetaphyseal length indices within 10-12 year-olds (0.38), indicating
that even this small difference can be accounted for by the inclusion of epiphyses in the
adult measurement. In the juvenile Inupiat anthropometric sample (N = 191), the ratio of
“radius” to “humerus” length shows no change from 5 to 20 years of age (r = 0.07, P > 0.30).
Thus, on average, intramembral length proportions of the upper limb appear to be approximately stable between the age of Lagar Velho 1 and adulthood. The least squares prediction
of adult from 4-5 year-old brachial indices in the Denver sample is: adult = (0.990 x juve-
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nile) + 1.06, with a standard error of estimate of 1.83. The radial and humeral lengths for
Lagar Velho 1 (Table 25-2) produce a brachial index of 73.8 as a child and an estimated index
of 74.1 as an adult, with 95% confidence limits of ± 3.8 for the estimated adult value.
It should be noted that the range of 4-5 year-old values for the Denver sample (73.7 - 78.5)
just encompasses that for Lagar Velho 1, i.e., this is an appropriate reference sample for prediction purposes, as applied to this specimen.
The mean crural index in Denver 4-5 year-olds is 81.73 ± 0.45, and in adults 83.53 ± 0.51,
which is highly significantly different (P = 0.0001, paired t tests), as expected given the difference between intermetaphyseal and maximum length proportions shown above. If the
juvenile indices are “corrected” by adding 2.0, based on the comparisons among 10-12 yearolds, they are not significantly different from those of adults (83.73 ± 0.45, P > 0.50). As in
the upper limb, comparisons within the juvenile Inupiat anthropometric sample (N = 190)
demonstrate no significant age change from 5 to 20 years in the ratio of “tibia” to “upper
thigh” length (r = 0.11, P > 0.10). Thus, aside from the effect of the added epiphyses, this
ratio also appears relatively stable, on average, between 4-5 years and adulthood.4 The prediction equation for adult crural index from 4-5 year-old index in the Denver sample (not
“corrected” in juveniles) is: adult = (0.850 x juvenile) + 14.06, with a SEE of 1.51. Using its
tibial and femoral lengths (Table 25-2), Lagar Velho 1 has a crural index of 78.4 as a child
and an estimated index of 80.7 as an adult (95% CI ± 3.2) (using a “corrected” value for Lagar
Velho 1 and an equation incorporating the same correction factor for Denver juveniles produces identical results). As with the brachial index, the range of values for the crural index
in the Denver 4-5 year-old sample (77.8-84.6) encompasses the value for Lagar Velho 1.
Crural and brachial indices for Lagar Velho 1 are compared to those for the four adult Late
Pleistocene samples (data derived from Table 25-1) in Table 25-4 and Fig. 25-11. Because the
sex of Lagar Velho 1 is not known, sexes are combined for the sexually dimorphic brachial
index. The crural index is clearly higher in the two early modern samples than in the two Neandertal samples, mirroring results shown earlier (Fig. 25-5). The estimated adult value for
Lagar Velho 1 is intermediate between early moderns and Neandertals, and its 95% CI overlaps with individuals in both groups. However, the Lagar Velho estimate falls closer to the two

– Crural and brachial indices in Late Pleistocene adults (horizontal lines indicate sample means) and adult estimates
for Lagar Velho 1, with 95% confidence intervals. See Tables 25-4 for data values.
FIG. 25-11
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Neandertal means (about half its distance from the two early modern means), and its 95% CI
encompasses both Neandertal means but falls below those of the two early modern groups.
The brachial index shows more variability within and between groups, again mirroring earlier results (Fig. 25-6) — some of this increased variability can be attributed to sexual dimorphism as well. If only European specimens are considered, early moderns are higher on average than Neandertals. The 95% CI for Lagar Velho 1 overlaps widely with both European
groups, but its estimated adult index is clearly much closer to that of European Neandertals.
Although there are no sufficiently complete early modern human European juveniles
available for comparison, one early adolescent (ca.13 years old) specimen does provide a
crural index. This is the Sunghir 2 specimen, and its crural index of 85.3 (from data in
Kozlovskaya and Mednikova, 2000) is between the means of the European EUP and QafzehSkhul samples (Table 25-4). It is possible that the crural index of this individual is about a
point higher than it would be as an adult, given the earlier growth in the tibia during adolescence (Ruff and Walker, 1993), but even reducing it to 84.3 places it in the middle of the
European EUP range. This makes it likely that the crural indices of younger juvenile European EUP individuals were, like Skhul 1, rather high.

Table 25-4
Brachial and crural indices of Lagar Velho 1 and Late Pleistocene adults. Sample
means and standard deviations are derived from the data in Table 25-1.
Specimen/Sample

Lagar Velho 1, child
Lagar Velho 1, est. adult

Crural Index

Brachial Index

78.4

73.8

80.7

74.1

(77.5-83.9)

(70.3-77.9)

European EUP

84.9 ± 1.7 (18)

77.7 ± 2.0 (20)

Qafzeh-Skhul

86.0 ± 2.1 (4)

75.2 ± 6.8 (3)

European Neandertals

78.2 ± 1.7 (4)

73.2 ± 2.5 (5)

NE Neandertals

78.1 ± 1.2 (5)

77.2 ± 2.1 (4)

(95% CI)

Thus, these results largely support those based on direct comparisons between juvenile specimens, with Lagar Velho 1 more closely allied with Neandertals than with early moderns (in the upper limb, in Europe only), although because of inherently greater uncertainty
from using predicted adult values rather than juvenile comparisons, such results must be
treated with some caution.

Body Breadth Proportions
General Issues
Body breadth shows one of the strongest ecogeographical trends in body form observed
among modern humans, with populations from colder regions exhibiting systematically
broader bodies than those from warmer regions (Roberts, 1978; Ruff, 1991, 1994). It has been
shown that this is part of the more general trend to reduce surface area / body mass in colder
climates, and vice versa (Ruff, 1991, 1994). As noted earlier, this geographic patterning has
also been found among earlier humans, with higher latitude specimens, including Neandertals, showing evidence of broader bodies (Ruff, 1991, 1994; Churchill, 1996; Holliday, 1997b;
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Arsuaga et al., 1999; Rosenberg et al., 1999). In contrast, early modern humans from the Near
East and Europe have narrower bodies, which has been interpreted as evidence that they originated from a warmer, tropical or subtropical environment (Ruff, 1994; Holliday, 1997a,
2000a). Thus, the body breadth characteristics of Lagar Velho 1 are of considerable interest.
There are two problems in evaluating such characteristics, however. First, as with
intramembral length proportions, body breadth proportions have not been systematically
investigated in children as they have been in adults. The only study of which we are aware
that attempted to do so is that by Ruff and Walker (1993) of the 11-12 year-old West Turkana
Homo erectus KNM-WT 15000, which, given the nature of the study, was primarily concerned with proportions of tropical children in an older age range than that of Lagar Velho
1. Second, body breadth dimensions are very difficult to ascertain from skeletal remains in
younger children. Bi-iliac (maximum pelvic) breadth has been widely used as a body breadth
indicator among adults, for reasons given elsewhere (Ruff, 1991). However, this dimension
is extremely difficult to reconstruct accurately in younger juvenile skeletal remains, and in
any event could not be reconstructed in Lagar Velho 1 due to the state of preservation of its
pelvis (Chapter 28). Pubic length can give some hints regarding pelvic morphology (Duarte
et al., 1999), but is difficult to interpret in terms of overall pelvic breadth given uncertainties in pubic angulation (Rak and Arensburg, 1987). We are not aware of any studies that
have attempted to relate pubic length to total pelvic breadth in children, and pubic length
could not be measured on the Denver Growth Study sample.
Given these problems, a more indirect approach is used here to assess relative body
breadth in Lagar Velho 1. First, relative bi-iliac breadth / stature is examined in the Denver
sample, the (living) juvenile Inupiat sample, and a more limited sample of African children
to test whether observed differences in modern adults are characteristic of young children
as well. Second, the usefulness of a skeletal proxy for relative body breadth — distal femoral
metaphyseal M-L breadth/femoral intermetaphyseal length — is evaluated in the Denver
sample. Finally, this skeletal proportion is examined in Lagar Velho 1 and other available
Late Pleistocene juvenile specimens relative to the Denver sample.

Relative Body Breadth in Modern Children
Bi-iliac breadth and stature data were
available for the Alaskan Inupiat juvenile
sample from about 5 to 20 years of age (N =
199); measurements of the Denver Euroamerican sample were selected for a similar
age range (20 individuals, average of 24 measurements per individual). In addition, mean
bi-iliac and stature data by yearly intervals
for a 5-10 year-old Nigerian sample were
obtained from Eveleth and Tanner’s (1976)
compendium (Appendix Tables 40, 41, 51:
“Ibadan (well-off), M.D. Janes, unpubl.”).
Fig. 25-12 is a plot of bi-iliac breadth against
stature for the three samples, showing
LOWESS (Cleveland, 1979) regression lines
through each. Sexes were combined here
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– Bi-iliac breadth to stature in three modern
juvenile samples (LOWESS regression lines — see text).
I: Inupiat; D: Denver Euroamericans; N: Nigerians.
FIG. 25-12

(each sample has equal or nearly equal sex representation); sex-specific comparisons yield
very similar results.
Fig. 25-12 clearly shows that the geographic gradient in body breadth observed among
modern adults is also characteristic of children. Furthermore, this difference in body proportions appears to be established early in childhood, i.e., it is not a product of growth differences during later childhood or adolescence. Thus, we would expect to see such differences in children of the age of Lagar Velho 1.

Femoral Metaphyseal Breadth to Length Proportions
Lower limb articular size has been shown to be correlated with body mass in humans
(Ruff et al., 1991; McHenry, 1992; Grine et al., 1995). Thus, it is not surprising that differences in femoral head size relative to femoral length have been found to parallel differences
in body mass to stature, or body breadth to stature (Ruff, 1994; Holliday, 1997a, 2000a).
Well-preserved lower limb epiphyses, including the femoral head epiphysis, are available for Lagar Velho 1 (Chapter 29). However, this is a rare circumstance for juvenile archeological or paleontological specimens of this age range. In addition, long bone epiphyses are
generally not completely formed at this age, i.e., they do not reflect the actual maximum
dimensions of the articular surface. In the Denver Growth Study sample, the earliest ages
at which femoral epiphyses were found to reliably reflect joint size in all individuals was 56 years in the proximal femur and 8-9 years in the distal femur.
For these reasons, a metaphyseal rather than epiphyseal breadth dimension was used
as a measure of articular size for juveniles. Proximal femoral metaphyseal breadths are relatively poorly defined in younger children, due to rounding of the bone edges (which are
filled with cartilage in life). However, distal femoral metaphyseal breadths, especially M-L
breadth, are “sharp” and well defined, and measurable at all ages (prior to epiphyseal fusion
in late adolescence). Furthermore, they are well correlated with the actual dimensions of the
articular surface (see below). Maximum M-L metaphyseal breadth of the distal femur was
measured in all individuals in the Denver
Growth Study sample, up to 15-19 years of
age, when the distal epiphysis undergoes
fusion. Mediolateral breadth of the femoral
condylar articular surface was also measured
in the same sample, beginning at 6-9 years of
age. The correlation between metaphyseal
and articular M-L breadths in 9-15 year-olds is
0.95, with an average difference between
dimensions of 0.06 mm (P > 0.50, paired t
tests).
Fig. 25-13 is a plot of bi-iliac breadth /
femoral intermetaphyseal length on distal
femoral metaphyseal M-L breadth / femoral
intemetaphyseal length in the 20 Denver 4FIG. 25-13 – Bi-iliac breadth/femoral intermetaphyseal length
5 year- olds. There is a significant but modversus distal femoral M-L metaphyseal breadth/femoral
erate correlation between the two: r = 0.521
intermetaphyseal length in 4-5 year-olds from the Denver
(P < 0.02) , with a percent standard error of
Euroamerican sample. Least squares regression line
plotted through data.
estimate of 4.0%. Thus, it appears that the
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intra-femoral proportion is indicative, to some extent, of body proportions in young children, albeit with a fairly wide range of variation.
Distal femoral metaphyseal M-L breadths were measured on Lagar Velho 1 and two
other Late Pleistocene juveniles in the same general age range: Qafzeh 10 and La Ferrassie
6 (see Table 25-2). The left femoral distal metaphysis of Lagar Velho is virtually complete
but slightly abraded medially — our best estimate of its true M-L breadth is 44 mm. Distal
metaphyseal breadths are largely complete for Qafzeh 10 and La Ferrassie 6, with both having medial abrasion and the latter exhibiting some lateral erosion; they are estimated at 48.5
and 45 mm respectively. Femoral intermetaphyseal lengths for Lagar Velho 1 and La Ferrassie 6 are given in Table 25-2; an intermetaphyseal length of ca.240 mm was obtained
radiographically for Qafzeh 10, determining the metaphyses where they are obscured by the
postmortem fused epiphyses (see Tillier, 1999) and correcting for parallax.
Fig. 25-14 shows distal femoral M-L metaphyseal breadth plotted against femoral intermetaphyseal length in the three Pleistocene specimens and a similarly-aged sample from the
Denver Growth Study. For this comparison all available measurements on the 20 individuals
in the Denver Study between the ages of 2.5 and 6 years were used (total of 151 measurements).
In part this was done to extend both the age and size ranges so that they encompassed those
of the Pleistocene specimens (Table 25-2), as well as to show the range of variability in this proportion present among the modern children. Of course, because the data represent multiple
measurements on the same children, they are not independent and so cannot be used to calculate standard errors of estimate or confidence intervals. In fact, though, SEE’s are quite similar in the sample shown in Fig. 25-14 and in the sample of 20 individuals measured once at
4-5 years of age — about 2.5 mm. Least squares regression coefficients for the two samples (N
= 20 and N = 151) are also almost identical. Both least squares and reduced major axis regression lines were calculated for the larger Denver sample and are plotted in Fig. 25-14.
Regardless of the regression technique applied, Lagar Velho 1 and Qafzeh 10 are
clearly more similar in proportions to each other than either is to La Ferrassie 6. The first
two specimens fall near the lower edge of the
modern distribution, and the last in the upper
half. In terms of percent prediction errors
(see above) with respect to the modern sample, Lagar Velho 1 and Qafzeh 10 are -7.4%
and -5.9% (LS), or -6.0% and -7.0% (RMA),
respectively, while La Ferrassie 6 is 1.6% (LS)
or 5.8% (RMA).
Although the three Pleistocene specimens
are of broadly similar ages and individuals in
the modern Denver sample were chosen to be
in the same age range, there is still the possibility of age differences in breadth/length proportions within this range that could affect
results; there are highly significant declines
with age in bi-iliac breadth/femoral length and
FIG. 25-14 – Distal femoral M-L metaphyseal breadth versus
distal femoral metaphyseal breadth / femoral femoral intermetaphyseal length in 2.5-6 year-olds from
length in the Denver sample as a whole, even the Denver Euroamerican sample and Late Pleistocene
Both least squares and RMA (steeper slope)
if infants under 2.5 years are excluded. Fig. 25- juveniles.
regression lines plotted through the modern data. Filled
-15 is a plot of the ratio of distal femoral meta- star: Lagar Velho 1; open circle: Qafzeh 10; filled square:
physeal M-L breadth / femoral intermetaphy- La Ferrassie 6.
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seal length against age in 2.5 to 6 year-olds
from the Denver sample and the three Pleistocene specimens (the midpoints of estimated
ages were used for Lagar Velho 1 and La Ferrassie 6). A LOWESS regression line, which is
actually quite linear, is plotted through the
modern data, and shows that the ratio does
indeed decline through this age period. (An
examination of individual data reveals a similar, significant linear decline in all individuals
in the sample.) This analysis gives a somewhat
different result than that shown in Fig. 25-14,
in that Lagar Velho 1 and Qafzeh 10 are now
close to the middle of the Denver distribution,
while La Ferrassie 6 is well above the distribu- FIG. 25-15 – Distal femoral M-L metaphyseal breadth/femoral
tion. However, the general pattern is the same: intermetaphyseal length versus age in 2.5-6 year-olds
from Denver Euroamerican sample and Late Pleistocene
the former two specimens are very similar to juveniles. LOWESS regression line fitted through modern
data. Filled star: Lagar Velho 1; open circle: Qafzeh 10;
each other, and distinct from the latter.
To the extent that femoral metaphyseal filled square: La Ferrassie 6.
breadth / length proportions reflect body proportions, then, Lagar Velho 1 appears to be much more similar in relative body width to the
early modern juvenile Qafzeh 10 than it is to the Neandertal juvenile La Ferrassie 6. This
result would be in agreement with the apparently modest lengths of both the clavicle (Chapter 30) and the superior pubic ramus (Chapter 28) of Lagar Velho 1. This interpretation contrasts with intramembral length proportions, which as shown above ally Lagar Velho 1
with Neandertals. This result must be viewed with some caution, however, given the only
moderate relationship between intra-bone and body proportions (Fig. 25-13). Also, relative
width / length proportions (of bodies, and likely of bones as well) can be as much affected
by differences in the denominator as in the numerator, and it is really the numerator, i.e.,
absolute body breadth, that is of the most ecogeographic significance (Ruff, 1991, 1994).
However, based on intramembral bone length comparisons, at least (Fig. 29-7 and 25-10),
it seems unlikely that Lagar Velho 1 had unusually long limbs relative to Neandertals, and
certainly relative to early moderns, so that the above results are not being driven by the
denominator — if anything, the long bone length results make the patterns seen in Figs.
25-14 and 25-15 even more striking.

Body Mass and Stature
Finally, it is of interest to estimate the body mass and stature of Lagar Velho 1 for comparison with modern children. Prediction equations were therefore developed using the
Denver Growth Study sample. As shown above, this sample encompasses the skeletal, and
thus we assume bodily, proportions of Lagar Velho 1, and so should be a generally appropriate modern reference sample (for caveats to this see below). However, the absolute size
of Lagar Velho 1, in terms of bone lengths and articular breadths, falls slightly below the
range of values represented in the “4-5 year-old” Denver sample (mean 4.6 years, range
4-5.5 years) used in previous analyses. Therefore, to avoid extrapolation beyond the data, a
slightly younger sampling of these 20 individuals was selected here, with ages from 3.5 to

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

384

5 years (mean age 4.1 years), which included several individuals in the same size range as
Lagar Velho 1, while still overlapping in age with the specimen; use of the slightly older
sample of Denver children produces very similar results.
Various combinations of lower limb dimensions were assessed for body mass estimation, including femoral and tibial lengths and femoral articular breadths (tibial articular
breadths were not available for the Denver sample). The combination with the smallest standard error of estimate was found to be a multiple regression of body mass on femoral distal
metaphyseal M-L breadth (FDMB) and femoral intermetaphyseal length (FIML). The formula
is: body mass = 0.0407(FIML) + 0.2838(FDMB) - 8.69 (body mass in kg, other dimensions
in mm), with r = 0.868 and SEE = 0.93 kg. Both independent variables contributed significantly to prediction (P < 0.01). Addition of tibial length (or any upper limb bone length) did
not improve prediction. The single best predictor of body mass is femoral distal metaphyseal
M-L breadth, with an SEE of 1.12 kg (the formula is body mass = 0.4452(FDMB) - 6.41).
Femoral and tibial intermetaphyseal lengths together provide a better estimate of
stature than either does independently (SEE’s of 1.73 cm for femur and tibia, versus 1.81 cm
for femur and 1.87 cm for tibia alone). Adding humeral intermetaphyseal length increases
accuracy (SEE = 1.61 cm). Adding radial length does not improve prediction. The equation
using femoral and tibial IML’s is: stature = FIML(1.519) + TIML(2.072) + 32.0. The equation including humeral length is: stature = FIML(0.734) + TIML(1.469) + HIML(2.015) +
28.0. (All measurements are in cm.) In plots of height against each long bone length individually, relationships appeared very linear.
Body mass and stature estimates for Lagar Velho 1 are given in Table 25-5, using the
two best prediction equations for each. The prediction equations yield virtually identical
estimates. The best estimates of Lagar Velho’s body mass and stature are 13.2 kg and 94.4
cm, respectively, with 95% confidence intervals of ± 2.0 kg and ± 3.4 cm.
These are very small body size estimates for this age by comparison with the Denver
Growth Study sample or modern Euroamerican standards in general. For the Denver sample
as a whole (Hansman, 1970), these values would fall outside the total range recorded for 4.55 year-old boys and girls for stature, and are about equal to the minimum value recorded for
body weight in the entire sample (N = 180). Data reported for a much larger (and multi-ethnic) sampling of the general United States population (Hamill et al., 1979) yield similar
results: Lagar Velho 1 falls below the fifth percentile in height and weight of 4.5-5 year-old boys
or girls. However, Lagar Velho is much more “normal” with respect to weight for height, falling
at about the 25th percentile based on the same reference population (Hamill et al., 1979).
It is possible that the modern United States population is simply very large and/or
fast-growing by overall world standards. Therefore, a survey of data for 4-5 year-olds from
other areas of the world, including many developing countries, compiled by Eveleth and
Tanner (1976), was also consulted. Lagar Velho 1’s estimated stature is below the 4-5 year
old mean for a large majority of these samples, and his/her body mass is below the mean
for almost all of them. Thus, Lagar Velho was small for his/her age compared to modern
children in general.
This result should be treated with caution, however, for several reasons. First, while
Lagar Velho 1 does indeed have intramembral proportions that overlap with those of the reference (Denver) sample, given the only weak correspondence between such proportions and
trunk height/limb length (see above), stature may be underestimated if Lagar Velho 1 had
a relatively long trunk compared to the Denver children. In fact, there is no correlation
between relative sitting height and crural index in the 4-5 year-old Denver sample
(r = 0.145, P > 0.50.) Such a difference could also lead to underestimates of body mass.
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However, with regard to the latter, it is worth noting that the estimate from distal femoral
metaphyseal breadth alone, which would not be expected to be affected by limb length proportions, yields an identical body mass estimate (Table 25-5).

Table 25-5
Body mass and stature estimates for Lagar Velho 1, with the estimate and its 95%
confidence interval. Intermetaphyseal lengths (IML) from Table 25-2; distal
femoral M-L metaphyseal breadth: 44 mm.
Parameter
Body Mass (kg)

Stature (cm)

Prediction Variables

Estimate

femoral distal metaphyseal breadth

13.2 (10.8-15.6)

femoral IML, distal metaph. breadth

13.2 (11.2-15.2)

femoral, tibial IML’s

94.6 (91.0-98.2)

femoral, tibial, humeral IML’s

94.4 (91.0-97.8)

As a further check on stature reconstruction, the stature of Lagar Velho 1 was also estimated using equations derived by Telkka et al. (1962) based on a large sample of Finnish children. Their (radiographic) measurements of femoral and tibial lengths are nonstandard, but
upper limb lengths and fibular lengths appear to be equivalent to maximum intermetaphyseal lengths as measured here. Application of their humeral, ulnar, and fibular formulas for
boys and girls aged 1 to 9 years yields stature estimates for Lagar Velho 1 varying between 91
and 95 cm (mean 92.6 cm, SEE’s for each equation about 3-5 cm), i.e., similar to but on average slightly shorter than those obtained using the Denver sample. No information on relative limb length proportions are available for this sample, but data for relative sitting height
[(sitting height/height) x 100)] of Finnish children are given in Eveleth and Tanner (1976,
Appendix Table 10); Finnish 4-5 year-olds average 56.7. This compares with an average
index of 56.4 in the Denver 4-5 year-olds, and 57.0 in the very small available sample of Inupiats in this age range (N = 5) (Jamison and Zegura, 1970; Jamison, 1978). Thus, based on
these limited data, all three higher latitude samples appear to have similar proportions at this
age. This contrasts with tropical populations, who have relatively long lower limbs even in
early childhood (Eveleth, 1978). Interestingly, Eveleth (1978) points out that the particularly
short limbs characteristic of some Asian populations develop during later childhood and adolescence, a pattern also evident in growth comparisons of Inupiat and Denver children (data
not shown). Further possible ramifications of these observations are discussed later.
With regard to body mass estimation, it is also possible that Lagar Velho 1, and Pleistocene populations in general, were more muscular than modern samples and so could have
weighed more for their skeletal size (Kappelman, 1997; Arsuaga et al., 1999). It has been
shown that this is likely not true for adults, however (Ruff, 2000b; also see Ruff et al., 1997),
which suggests that it is unlikely for juveniles as well.
Finally, it is possible that postcranial and dental growth trajectories were different in Lagar
Velho 1 than they are in modern populations, specifically, dental development may have been
advanced relative to postcranial development, thus leading to older dental age estimates associated with an earlier growth stage for the body as a whole. This would be opposite to the pattern seen in the early Homo erectus juvenile KNM-WT 15000, who appears to have had accelerated postcranial relative to dental development (Ruff and Walker, 1993; Smith, 1993). However, assessments of the stages of development of cranial and axial synchrondroses and appendicular epiphyses relative to the dental age assessment (Chapter 15) indicate that there was little if any overall delay in skeletal development relative to that suggested by the dentition.

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

386

Discussion
Relative limb length and body breadth vary ecogeographically in modern and earlier
human adults. As shown here (also see Ruff and Walker, 1993), the same appears to be true
for juveniles as well. With regard to intramembral bone length proportions, Lagar Velho 1
clearly aligns with modern higher latitude children, as do Neandertal juveniles. In contrast,
early modern juveniles from Skhul and Qafzeh have more “tropical” proportions, although
the evidence for the upper limb is somewhat more ambiguous (as it is for adults). It is unfortunate that there are no European Early Upper Paleolithic remains in the same age range
to compare with these data, although the available evidence for adults and the one early adolescent specimen, in the lower limb at least, suggests that Near Eastern and European
early modern humans share similar intramembral proportions. In terms of body breadth,
Lagar Velho 1 may have had a relatively narrow body compared to modern higher latitude
populations. In this respect, he/she appears more aligned with the early modern Qafzeh 10
than with the Neandertal La Ferrassie 6.
Thus, in some respects Lagar Velho 1 appears to represent a mix of body shape characteristics, with relatively short distal limb segments but a relatively narrow body. Both of
these observations, however, have to be viewed with some caution. It is clear from the evidence reviewed earlier that intramembral proportions do not always reflect total limb length
/ trunk length proportions, and the lack of correlation between the two in the Denver juvenile sample reinforces this conclusion. Thus, it is dangerous to extrapolate from such bone
length proportions to conclusions regarding overall limb length. Still, the distal limb element shortening does appear to be a strong higher latitude trait (also compare with the
“hyper-tropical” intramembral proportions of KNM-WT 15000, see Ruff and Walker, 1993).
The evidence for overall body narrowness is more tenuous, since the association between
within-bone proportions and body proportions is not particularly strong. However, evidence from the clavicle and preserved pubic portion of the pelvis of Lagar Velho 1 (Chapters 28 and 30) also supports this conclusion
In any interpretation of these results, it is important to consider how environmentally
labile (as opposed to genetically canalized) such proportions are. This has implications for
use of such features in reconstructing population affinities, as well as in determining possible environmental effects during growth and development. There are some direct experimental data bearing on this question, as well as indirect evidence from studies of human
migrants and/or secular effects under changing environments. The following review is not
intended to be exhaustive, but should give some idea of the variety of results that have been
obtained.
Experimental data derived from studies of animals raised under different environmental conditions provide some support that ambient temperature can affect growth patterns and resulting body proportions. Weaver and Ingram (1969) raised genetically similar (littermate) pigs at different temperatures and found that colder temperature stunted
limb (and ear and tail) growth relative to body weight while warm temperature had the opposite effect. Interestingly, though, examination of their data shows that the crural indices
were essentially the same in the different groups, i.e., cold-rearing appeared not to have differentially affected distal limb element growth. Also, trunk length, too, was shortened in the
cold-reared group, thus, limb length to trunk length did not change (although both limb and
trunk length relative to body width must have declined). Lee et al. (1969) found that coldreared rats showed more stunting in the metacarpals than in the tibia; however, no comparison between the tibia and femur was carried out; also, the observed effect actually
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decreased rather than increased through the experimental period. Riesenfeld (1973) carried
out a number of experiments of both temperature and nutrition on the growth of rats. Coldrearing decreased distal/proximal limb bone lengths in the forelimb, but not in the
hindlimb, while heat-rearing increased distal/proximal lengths in the hindlimb but had
much less effect in the forelimb.
An analogous “natural experiment” in humans was reported by Eveleth (1966) who
examined Euroamerican children who had lived in the tropics at least half their lives, ostensibly while maintaining a Euroamerican diet. While she found some apparent effects on
overall size and soft tissue, with weight, height, weight/height and relative calf girth smaller
than in age and sex-matched samples living in the United States, relative sitting height was
not affected. She also reviewed some of the earlier investigations bearing on this question,
which were primarily concerned with climatic effects on growth changes in body size rather
than shape. All of these studies are potentially confounded by the numerous uncontrolled
variables inevitable in comparisons of this kind.
Trinkaus (1981) provided evidence from skeletal samples that intramembral limb proportions remained relatively constant in populations that had migrated to different climatic zones, i.e., Europeans living in South Africa and African-Americans living in the
United States were more similar in proportions to their populations of origin than to their
current climatic zones [despite significant European admixture in the latter population
(Parra et al., 1998, 2001)]. However, Southwest Amerindians were more similar in proportions to lower latitude populations than to their presumably northeast Asian ancestors.
This difference in results could be due to differences in length of occupation of the new climatic zones (several generations in the first two cases versus many millennia in the last
case), which could imply a genetic effect or greater cultural buffering of the effects of the
first two migrations because they were much more recent.
Nutritional effects on body proportions have also been studied in both animals and
humans. Riesenfeld (1973) found that nutritional deprivation increased crural indices in
male rats. Fleagle et al. (1975) observed the opposite kind of effect in undernourished Cebus
monkeys compared to controls — more stunting distally, in the foot, than proximally, in the
tibia. However, examination of their data indicates very little if any change in intramembral
(i.e., tibia/femur, radius/humerus) proportions as a result of protein or calorie malnutrition.
Several studies have examined human generational changes in body size and proportions under changing environmental conditions, either following migrations or as secular
effects within regions. There is evidence, reviewed previously (Ruff, 1994), that absolute
body breadth is little affected by such changes, with increases or decreases in relative body
breadth primarily dependent on changes in stature (which is environmentally sensitive).
Froehlich (1970) reported an interesting study of three generations of immigrant Japanese
in Hawaii. Successive generations showed not only an increase in stature but also a progressive increase in crural and brachial indices, indicating preferential growth in the distal elements. Relative sitting height showed very little generational change but may have
been confounded by age changes (degenerative changes in the vertebral column). An
improvement in nutrition, especially an increase in protein consumption, was considered
the most likely cause of these changes. Tanner et al. (1982) presented evidence that recent
secular increases in stature among Japanese in Japan were due almost entirely to increases
in lower limb length, leading to a decrease in relative sitting height such that younger
Japanese were similar to Europeans in this regard. He also cited evidence for a similar preferential increase in lower limb over trunk length among Norwegians earlier in this century.
No specific cause of these changes was postulated in the report, although ostensibly the
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same factors that have been considered to lead to a secular increase in stature — improved
nutrition and overall better health conditions (Eveleth and Tanner, 1976) — would also be
responsible. As noted earlier, the relatively shorter limbs of some Asian populations compared to Europeans develop primarily during later childhood and adolescence, and the
data from Tanner et al. (1982) indicate that this may be due in part to nutritional differences.
It is not clear to what extent nutritional differences may have contributed to the differences
in limb length proportions observed here between Inupiats and Europeans (see above).
However, according to Tanner et al.’s hypothesis, such nutritional factors should have
their most apparent effects later during development, so that comparisons among 4-5 yearolds should be less affected.
Jantz and Jantz (1999) examined secular changes in long bones in United States samples from the mid-19th century to the 1970’s. Along with a general increase in lengths, correlated with the well-documented increase in stature over this time period, the authors
claimed to show proportionally greater increases in distal limb elements, particularly in the
lower limb. However, the extent of this proportional change cannot be determined from
their data — linear regressions of bone length on year of birth are similar for the femur and
tibia, and only correlation coefficients, but not slopes, are given for “bone shape” variables
(individual lengths divided by total sum of lengths) regressed against year of birth (in two
out of four ethnic/sex groups tested, correlations are higher for femoral “shape” than for
tibial “shape”). In a study of Ivy League school parents and their children measured in the
1800’s and early 1900s, Bowles (1932) found that lower limb length increased relatively
more than sitting height in sons (although this was due mainly to an increase in thigh length
rather than lower leg length), but the opposite trend was observed in a smaller sample of
mothers and daughters.
As described earlier, the Kulubnarti Nubian skeletal sample used in the present study
has been the focus of a number of past investigations that have documented severe nutritional deficits in the population (Van Gerven et al., 1995, and references therein). However,
the intramembral proportions of this sample are high — in fact near the upper limit for tropical populations — indicating that malnutrition had little effect on relative growth of distal
versus proximal elements (the alternative — that the Kulubnarti population would have had
even higher intramembral proportions had they been well-nourished — seems less likely
since this would have given them the most extreme proportions observed among modern
populations).
Eveleth (1978) presented some evidence relevant to genetic versus environmental constraints on human body proportions based on measurements of offspring of interracial marriages. Children of African-American and Japanese parents had lower limb/trunk proportions intermediate between those of African-American and Japanese children, while offspring of Japanese and Euroamerican parents were not intermediate but rather similar to
Japanese (in both cases the mother was Japanese, and children were raised in Japan).
Although Eveleth tentatively attributed these results to a stronger genetic influence of
African-American genes, it may be that Europeans and Japanese are more genetically similar in relative limb proportions than realized at the time this study was carried out (see Tanner et al., 1982), and so the latter finding may be a result of a common (nutritional) environment in the Japanese and Japanese-Euroamerican children against a similar genetic
background. She also presented evidence that despite generations of interbreeding with
Euroamericans, African-American children had increased lower limb length/trunk height
relative to African children, which she provisionally attributed to a better environment in
the United States. However, interestingly, this is not the case for distal/proximal limb pro-
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portions, in which African-Americans are apparently intermediate between Africans and
Euroamericans (Ruff and Walker, 1993: Fig. 11.11).
Finally, evidence from Late Pleistocene European skeletal samples themselves may
shed some light on environmental versus genetic effects on body proportions. As noted earlier, one of us (Holliday, 1997a) found a reduction in limb bone lengths relative to skeletal
trunk height from the Early to the Late Upper Paleolithic, but no change in intramembral
proportions. This suggests more of a genetic constraint on intralimb proportions than on
total limb length.
In sum, the evidence for environmental effects on body proportions during growth and
development is mixed. Ambient temperature may affect growth in some linear dimensions (although not body breadth), but evidence for a stronger effect on distal versus proximal limb elements is not consistent. Evidence regarding nutritional effects is even more
variable, although on balance it seems that there may be more of an effect on limb length
than on trunk height. Distal/proximal gradients of nutritional sensitivity within the limbs
are inconsistent between studies, although conclusions are hampered by a general lack of
data for living populations, especially children. As with climatic factors, nutritional level
seems to have little effect on body breadth (see Ruff, 1994). Regarding variability in some
of these results, it may be that different types of nutritional deficits (e.g., protein versus
caloric) have different effects on linear growth of the body, thus, physiological mechanisms may be more complex than simple overall nutritional level.
What does all of this signify with respect to Lagar Velho 1? Given all of the above, it
seems unlikely that his/her low intramembral proportions were a result of a nutritional
deficit. Lagar Velho 1 is indeed small in absolute body size compared to modern children
of his/her age. However, the same is true for the other two juvenile specimens included here
— La Ferrassie 6 and Qafzeh 10 — both of whom would be small by comparison with modern children of the same age (the two specimens have body mass estimates of 11.9 kg and
16.4 kg, respectively, using distal femoral metaphyseal breadth and femoral length in the
equation given above). There is also no evidence from other skeletal indicators that Lagar
Velho 1 suffered from malnutrition (Chapter 31). In any event, support for a nutritional effect
on intramembral proportions is equivocal.
The same can be said for direct climatic influences during growth and development —
the evidence for such an effect in humans or experimental animals is weak at best. Also, if
this were the case then one would certainly expect to see the same effect in Upper Paleolithic
adults in Europe. Not only do European early Upper Paleolithic adults have high crural and
brachial indices, but this is evident in both the more Mediterranean specimens and those
such as Sunghir 1 and 2, Paviland 1, Pavlov 1 and Dolní Věstonice 3, 13, 14 and 16, all of
whom experienced annual temperatures considerably colder than those of western Iberia
(especially the Sunghir individuals at 56° N latitude!). Thus, it is unlikely that Lagar Velho
1’s low intramembral proportions were the result of an alteration in growth patterns as a
result of cold exposure.
Body breadth is relatively unaffected by either nutrition or climate during growth
(Ruff, 1994). Thus, the narrow body of Lagar Velho 1, more similar to that of Qafzeh 10
and unlike that of Ferrassie 6, would seem to imply genetic relatedness to early modern
populations in Europe (Ruff, 1994). If intramembral limb length proportions are also
fairly genetically conserved, then this raises the interesting possibility of contrasting
genetic influences on two aspects of body form that normally covary. In any event, Lagar
Velho exhibits a mosaic of postcranial characteristics that would be unusual in a modern
child.
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The limitations of body size and shape reconstruction from skeletal remains, even
those as well preserved as Lagar Velho 1, must be recognized in any of these analyses. We
cannot measure several key defining characteristics of Neandertal and subsequent European
populations in this individual (or indeed in any young juvenile from the Late Pleistocene),
including relative limb length to trunk height, or body breadth, although we can get at least
some indication of the latter from the proportions of preserved skeletal elements. We are
also lacking sufficiently preserved specimens of a similar age range from Early Upper Paleolithic populations in Europe with which to compare Lagar Velho 1. However, despite these
limitations, using appropriate methods it is possible to characterize some aspects of body
shape in Lagar Velho 1 and to place this specimen into a firmer developmental and evolutionary context.

NOTES
1

Both proximal and distal humeral and femoral M-L metaphyseal breadths are potentially measurable from birth through adolescence.
However, proximal metaphyseal breadths on these bones tend to be poorly defined radiographically in younger children, and so they were
not measured in the Denver sample. Distal humeral metaphyseal breadth could not be measured on a number of Denver children
because of obvious problems in humeral positioning (rotation) during x-raying, greatly reducing sample sizes; also, this metaphyseal surface is damaged laterally on Lagar Velho 1. Femoral and humeral head epiphyses and a distal femoral epiphysis are preserved for Lagar
Velho 1. However, on the Denver radiographs the distal femoral epiphysis was usually not sufficiently developed to measure until after
age 6 or 7 years, i.e., until older than Lagar Velho 1, and the preserved humeral head epiphysis for Lagar Velho 1 is incompletely formed
[the corresponding proximal surface on the metaphysis is more than 8 mm wider than the maximum epiphyseal breadth (Chapter 30)].
Diaphyseal shaft breadths have been shown to be very sensitive to behavioral use of the limbs during childhood (e.g., Ruff et al., 1994),
and thus they are not reliable for body mass estimation in populations that may vary significantly in activity level.

2

Trinkaus (1981) used femoral bicondylar length rather than maximum length to calculate crural indices. For consistency with the other
samples included here, bicondylar length was converted to maximum femoral length using the formula: maximum length = (bicondylar length x 0.984) + 9.88 (r = 0.998; %SEE = 0.1), derived from a sample of 40 femora from the Pecos Pueblo Amerindian collection.
Individual values were converted and crural indices recalculated.

3

Inclusion of this individual in the tibial to femoral length regressions shown earlier was not found to have any appreciable effect on
results; thus, he was left in the sample for those analyses.

4

Note that this does not necessarily mean that there is no variation throughout this entire period in either the crural or brachial index.
For example, there is evidence in both the Denver Euroamerican and Inupiat samples for a transient increase in intramembral indices
in mid-adolesence, apparently due to an earlier growth spurt of distal elements (see Ruff and Walker, 1993). However, there is no systematic directional change in the indices (except for that produced by including epiphyses in the lower limb) from 4-5 years to adulthood. There is also no change in the indices over the developmental period represented by the Pleistocene specimens (2-6 years).
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chapter 26

| The Vertebral Column

❚ TRENTON W. HOLLIDAY ❚

Vertebrae, with their thin cortices and high cancellous bone component, are not often
preserved in the human fossil record, yet the vertebral column of the well-preserved Lagar
Velho 1 individual, in terms of preserved elements, is ca.73% complete, including elements
from the cervical through sacral portions of the column. Specifically, the portions of the vertebral column that remain include the centra and neural arches of several vertebral elements,
especially the more caudal elements (lower thoracic, lumbar, and sacral regions). The more
cranial elements (cervical and upper thoracic regions) are less well represented, at least in part
due to their small size. At the Lagar Velho site, the entire thoracic skeleton (as well as lumber
vertebra 1, and the left scapula) was removed en bloc from the burial by Cidália Duarte, and in
the laboratory was slowly removed from the matrix by TWH. This was accomplished using a
syringe filled with acetone to gently dissolve away the surrounding soil. The lower lumbar vertebrae (L2-L5) and the sacrum were cleaned by Erik Trinkaus using the same method. This
slow, methodical uncovering of the thoracic vertebrae was begun on the superior burial surface, but later, the bloc was turned over, and the dorsal faces of the vertebrae were revealed by
gradually removing the deeper levels of sediments that had underlain them. During the
removal of matrix, it became apparent that much of the preserved vertebral column is crushed
to the extent that the individual elements could not be separated from each other without
causing extensive damage to the bones. This remains the case for most of the preserved thoracic elements, which while preserved in nearly anatomical position, nonetheless remain
attached to each other in two separate pieces. The first (smaller) more cranial piece includes
portions of thoracic vertebrae 5 and 6 (T5 and T6). The second, larger, more caudal, piece
includes a portion of T6, through a complete elemental sequence caudally to the first lumbar
vertebra (L1), the cranial surface of which remains adhered to the twelfth thoracic vertebra
(T12). Given the fragile nature of vertebrae (particularly in young specimens), there remains
a dearth of comparative data for Late Pleistocene juvenile skeletons; what follows is therefore
a detailed description of the more diagnostic vertebral elements of Lagar Velho 1.
In the description, securely identified vertebrae are referred to by their vertebral numbers. Others are identified by their field excavation numbers (see Chapter 13).

Cervical Vertebrae
Lagar Velho 1 preserves a nearly complete atlas (C1) and most of the axis (C2), as well as
smaller, isolated pieces (including centra and neural arches) of other cervical vertebral elements.

The Atlas (C1)
The atlas (C1) is missing only its anterior arch and most of its transverse processes
(Table 26-1; Fig. 26-1). Its left and right posterior arches had not yet fused dorsally, a process
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which normally begins during the fourth and fifth years of life (Scheuer and Black, 2000).
The left superior articular facet is slightly concave, with a subtle double facet, or “figure 8”
morphology. Perhaps the anteromedial one-third of the facet is missing. The corresponding
region of the right superior articular facet is not preserved, either. Their absence is likely due
to the fact that the line of neurocentral fusion passes through the ventral third of the superior articular facet, such that the anteromedial portion of each facet is formed on the anterior arch segment. These synchondroses were apparently not yet fully ossified in Lagar Velho
1 (they are said to close in the sixth year at the earliest — Scheuer and Black, 2000), and the
anterior arch was not recovered. The right superior articular facet is also concave, with a
more readily apparent double facet morphology. The teardrop-shaped left inferior articular
facet is largely complete and anteroposteriorly concave; only a slight portion of its anteromedial margin is eroded away. The right inferior articular facet is also largely complete.
Unlike the left, it has a somewhat unusual double facet morphology, more akin to that more
co mmonly seen in superior articular facets.

Table 26-1
Measurements of Lagar Velho 1 cervical vertebrae 1 and 2 (atlas and axis).
C1 (Atlas)
Rt

Canal Height

Rt

(19.0)

Canal Breadth

29.0

–

–

(17.2)

–

Superior Facet Breadth

9.3

10.0

–

Inferior Facet Length

15.0

(15.5)

Inferior Facet Breadth

7.9

(8.7)

Laterally, the superior margins of the posterior arches are flat in posterior view, but
toward midline the left expands superiorly to
form the posterior tubercle. In superior view,
the groove for the vertebral artery is more pronounced on the left side than on the right side.
The dorsal-most or “spinous” portions of the
posterior arches fit snuggly into each other; the
left side is convex in posterior view, the right
side concave. The left posterior arch is also
larger than the right, such that most of the posterior tubercle is derived from it, and not its
counterpart on the right. The shape of the vertebral foramen, while not preserved in its
entirety, appears to have been somewhat constricted in a coronal plane along its ventral
aspect, forming what may be described as a
“mushroom” shape in superior view, with the
base of the “mushroom” anterior, and its head
posterior. This condition is more akin to that
seen in Late Pleistocene and Holocene Homo

chapter 26

| THE VERTEBRAL COLUMN

Lt

(16.4)

Superior Facet Length

Dens Height

393

C2 (Axis)
Lt

(11,6)
(7,9)
7,8
7,1
8.4

FIG. 26-1 – Cranial (above) and caudal (below) views of the
Lagar Velho 1 C1 (atlas). Anterior is up. Scale is in
centimeters.

than to the more circular, or “unrestricted” shape which may have been more frequent in
early Pleistocene Homo (Carretero et al., 1999). Upon close examination, the vertebral foramen of Lagar Velho 1 seems somewhat more constricted in inferior view, but more rounded
in superior view. However, it appears that the anterior portion of the vertebral foramen would
have become more transversely constricted, had the specimen survived to adulthood, once the
lateral masses had reached their adult size. Elements of the transverse processes are preserved; only the base of the posterior bar of the right transverse process remains, but a larger
portion (4.4 mm) of the posterior bar of the left transverse process is present. For this reason,
the presence of a transverse notch/foramen is more evident on the left than on the right.

The Axis (C2)
The axis (C2) is represented by three pieces, two of which (the dens and the left neural
arch pieces), while unfused, share a small area of contact (Table 26-1; Fig. 26-2). The first
piece is the developing dens or odontoid process; the second two are the left and right halves

FIG. 26-2

– Cranial view of the Lagar Velho 1 C2 (axis). Anterior is up; scale is in centimeters.
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of the neural arch. The centrum, which was not yet fused to the odontoid process, judging
from the billowing of the caudal surface of the latter, was not recovered; dentocentral fusion
normally takes place between the ages of 4 to 6 years (Scheuer and Black, 2000). The caudal surface of the dens piece is beveled and evinces damage along its posterior margin,
where there is an area of trabecular bone exposed some 7.5 mm mediolaterally by 2.5 mm
anteroposteriorly. Its right anteroposterior margin is also missing.
In anterior view, the inferior aspect of the dens piece is “vaulted” at midline. Also in
anterior view, the apex of the dens is “V”-shaped. The posterior aspect of the dens clearly
evinces a midline, or intradental sulcus. This feature is known to persist until at least 3 to 4
years of age, whereupon it begins to fill in from its caudal aspect upwards (Scheuer and
Black, 2000). This “filling in” of the intradental sulcus is said to be concomitant with the
development of the ossiculum terminale, a small ossicle that develops from the hyaline cartilage filling the apical cleft (Scheuer and Black, 2000). This ossicle, if present, was not recovered. The left neural arch piece preserves most of the superior articular facet, a complete
inferior articular facet, and most of the left lamina (only a small portion of the posterior
tubercle is missing, and the neural canal is complete at midline).
The posterior arch is thick (6.6 mm superoinferiorly, 4.1 mm anteroposteriorly), and
posteriorly it evinces a slight transverse concavity. It does not appear that the left and right
laminae had yet fused; these are said typically to fuse from around 3 to 4 years (Scheuer and
Black, 2000) to 4 to 6 years (Steele and Bramblett, 1988). The neural canal of C2 was relatively circular in shape. The posterior bar of the transverse process is broken, yet its root is
present. Much of the contact area on the pedicle for the dens and centrum is missing,
including what appears to have been a relatively fresh break. However, it appears that the
dentoneural synchondrosis had not yet fused; this normally occurs around the ages of 3-4
years (Scheuer and Black, 2000). The ovoid left superior articular facet is slightly anteroposteriorly convex. Its lateral border evinces minor damage, and a small portion of its anteromedial margin is no longer present. The left inferior articular facet is more circular in shape
than the superior articular facet, and its surface is planar, although it does evince a slight furrow along its posterolateral edge. The right half of the neural arch includes a complete (circular) inferior articular facet and all but a small posterior portion of the lamina. It also preserves the posterior and anterior roots of the right transverse process, defining the transverse foramen.

C3 to C7
Smaller pieces of cervical vertebrae are preserved, yet none is readily identifiable as to
number. Measurements for these pieces are found in Tables 26-2 and 26-3. These elements
include piece L20.58a, representing the right lamina, partial right pedicle, superior and inferior articular facets, and partial transverse process of an upper cervical vertebra. It is perhaps
C3, as there is no evidence for a smaller cervical vertebra. The superior articular facet is
somewhat circular in shape, albeit with a slight cranial peak. It is slightly mediolaterally concave. The inferior articular facet is also circular in shape, but its articular surface is more planar. The pedicle is missing, save for its base. The root of the pedicle is transversely narrower in cross-section than is the posterior bar of the transverse process, which is craniocaudally
short and mediolaterally broad. The dorsal surface of the lamina is furrowed, i.e., exhibits
much relief, due to the rugose attachments for the insertions of the rotatores cervicis longus
and brevis, while its internal (neural) surface is smooth.
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Table 26-2
Measurements of Lagar Velho 1 cervical vertebrae (C3-C7) — pieces L20.58a,
L20.62, L20.177b, and L20.63.
L20.58a (C3?)
Rt

L20.62
Lt

L20.177b
Lt

L20.63
Lt

8.1
7.1
7.8
7.8
(3.4)
(2.4)
5.9
1.5

6.4
(6.1)
9.5
6.0
2.5
4.0
6.7
2.0

(6.8)
5.7
–
–
3.1
4.0
–
–

(7.2)
–
–
–
3.2
4.4
–
–

Superior Facet Height
Superior Facet Breadth
Inferior Facet Height
Inferior Facet Breadth
Pedicle Height
Pedicle Breadth
Laminar Height
Laminar Thickness

Table 26-3
Measurements of Lagar Velho 1 cervical vertebrae (C3-C7) — pieces L21.19, L20.42,
L20.400d, L20.400c, L20.128b, and L20.55.

Ventral Body Height
Median Body Height
Pedicle Height
Pedicle Breadth
Laminar Height
Laminar Thickness

L21.19
Rt

L20.42
Rt

L20.400d
Rt

L20.400c

L20.128

L20.55
Rt

–
–
–
–
5.8
1.7

–
–
–
–
6.1
1.6

–
2.7
–
–
–
–

6.1
–
–
–
–
–

(10.3)
–
–
–
–
–

–
–
3.9
3.6
–

–

Piece L20.62 presents the left superior and inferior articular facets, lamina, and partial left
pedicle of a cervical vertebra, likely C4 (Table 26-2). The superior articular facet is rounded, yet
slightly mediolaterally broader than superoinferiorly tall. It also evinces minor erosion along its
superomedial aspect. The facet’s articular surface is relatively convex, with a discrete caudal margin. There are two depressions near the articular facet that correspond to the insertions of the rotatores muscles. The first, more cranial depression is posterior to the facet on the superoproximal
lamina, and measures 5.0 mm superoinferiorly by 3.5 mm mediolaterally. The second depression
is inferior to the caudal margin of the facet, and measures ca.4.3 mm superoinferiorly by 4.8 mm
mediolaterally. Posterior to these depressions, the dorsal surface of the lamina is smooth. The
inferior articular facet is ovoid and planar; its articular surface is marked by discrete boundaries.
The root of the pedicle is preserved; however, none of the transverse process remains.
Piece L20.177b preserves the left pedicle, a small portion of the vertebral body, a left
superior articular facet that is circular in shape, and small portions of the left inferior articular facet (Table 26-2). The lamina is not preserved, and none of the recovered isolated laminar pieces articulates with it. While it is uncertain from which specific cervical vertebra this
piece is derived, because of its thick pedicle (4.0 mm anteroposterior by 3.1 mm superoinferior) it is likely from a vertebra more caudal than that represented by piece L20.62.
Piece L20.63 represents the left pedicle, root of the posterior bar of the left transverse
process, and a small portion of the left superior and inferior articular facets (Table 26-2).
Approximately one-third of the superior facet’s anterolateral region is preserved. It is planar,
while the inferior articular facet is slightly concave. The transverse foramen is large, with an
oblique (anteromedial to posterolateral) diameter of 4.1 mm. This piece may be from the ver-
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tebra directly caudal to that represented by L20.177b. Also preserved is L21.19, a laminar
piece (10.1 mm in length, 5.8 mm in height, and 1.7 mm thick) preserving a small portion
of the right lamina from between the articular facets and the spinous process (Table 26-3).
It is slightly furrowed posteriorly and evinces relatively fresh breaks, as indicated by their
lighter color, on both its medial and lateral ends.
Piece L20.42 represents most of the right lamina, a small portion of the left lamina, and the
base of what appears to have been a small spinous process (Table 26-3). It is clear that the two
laminae were fused. This is expected, since the midline fusion of the posterior arch of the middle and lower cervical vertebrae typically occurs around age 2 (Scheuer and Black, 2000). The
external laminar surface exhibits much relief corresponding to the insertions of the rotatores muscles, while the internal (neural) surface is smooth, with the exception of a small, shallow depression just anterior to the spinous process corresponding to the attachment for the ligamentum
flavum. Piece L20.129b presents the lateral half of the left articular processes and the root of the
posterior bar of the left transverse process of a cervical vertebra. The articular surface of the superior articular facet is slightly convex; the articular surface of the inferior facet is slightly concave.
Piece L20.400d presents most of the centrum of a cervical vertebra, likely from a more cranial element (Table 26-3). The centrum itself is ovoid in shape in superior view. In anterior view
it is quite squat in appearance, due to its low body height (body height near its center is 4.3 mm).
While the centrum’s superior surface is furrowed, the inferior surface shows less relief, except
for a slight furrow running anteroposteriorly along its median plane. The lateral face of the body
is preserved on the right side, but the centrum’s anterior surface is eroded away, leaving cancellous bone exposed. The centrum is best preserved along its right posterolateral aspect, where the
attachment for the pedicle is preserved. The attachment site for the pedicle is a small (3.4 mm
superoinferiorly by ca.4.6 mm mediolaterally), somewhat rectangular, slightly depressed and
furrowed area. The presence of this articular area indicates that neurocentral fusion in this vertebra had not yet occurred, a phenomenon that in the lower cervical vertebrae (i.e., C3-C7) is
expected to transpire around age 3 to 4 years (Scheuer and Black, 2000).
Piece L20.400c represents the anterior portion of a cervical vertebral body (Table 26-3).
Judging from its greater body height, it is from a more caudal cervical vertebra than that represented by L20.400d. Anteriorly, the inferior margin of the piece evinces two gentle curves
which rise up to meet each other at the median plane, where they converge to form a slight
ridge running superoinferiorly along midline. Portions of the articulation points for the two
pedicles (i.e., neurocentral junctions) are present, with the right more complete than the left.
Once again, the presence of these articular areas indicates that the neurocentral junctions had
not yet fused. Both articular areas are shallow depressions, apparently circular, and both evince
damage posteriorly (cortical bone is missing from the anterior margin of the left articular area,
as well). Approximately half of the dorsal portion of the centrum is no longer present.
Piece L20.128b represents approximately the left anterior one-third of the centrum of a
lower cervical vertebra (Table 26-3). The centrum evinces a lateral rise for the uncinate
process and an inferiorly convex anteroinferior margin in anterior view (suggesting that it is
likely not C7). Its posterior aspect is missing, as is the entire right side. The portion of the
inferior face that is present is slightly concave anteroposteriorly. The cranial margin of the
body is mediolaterally concave. The anterior surface of the body evinces much relief. Piece
L20.55 may belong to the same vertebral element as L20.128b; it preserves the right pedicle,
a small portion of the body, and the inferior third of the right superior articular facet (Table
26-3). The superior articular facet is badly damaged on all sides. It appears that the pedicle
and its associated section of the posterior body were not yet fused to the centrum, yet due to
extensive damage to the piece this remains impossible to verify.
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FIG. 26-3 – Dorsal view (left) of a section of the Lagar Velho 1 partial vertebral column. The larger piece (below) includes L1
(bottom) as its caudal-most element, and sequentially continues cranially through T8 (top). The separate, smaller, piece
(above) in this view shows the neural arches of T7 (bottom) and T6 (top). Scale is in centimeters.
FIG. 26-4 – Right lateral view (right) of a section of the Lagar Velho 1 partial vertebral column. The larger piece (below) includes
an elemental sequence beginning caudally with L1 (bottom) and continuing cranially to the centrum of T7 (top). The second,
smaller piece (above) in this view shows the centra of T6 and T5 and the neural arches of T7 and T6 (each bottom to top).
Scale is in centimeters.
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– Close-up posterior view of the Lagar Velho 1 partial thoracic vertebral column’s
largest piece, including an elemental sequence beginning caudally with T12 (bottom), and
continuing cranially to T8 (top). Scale is in centimeters.
FIG. 26-5

Thoracic Vertebrae
Lagar Velho 1 preserves the remains of at least ten thoracic vertebral elements, beginning in series from the third thoracic vertebra (T3) to the twelfth thoracic vertebra (T12)
(Figs. 26-3 to 26-5). It remains possible, however, that some of the smaller, isolated neural
arch pieces come from more cranial thoracic elements. The third through fifth thoracic vertebrae preserve isolated neural arch and articular elements. More caudally, a piece representing the partial centra of T5 and T6, as well as the neural arches of T6 and T7 is present.
The greatest number of thoracic vertebrae are, however, found on a single piece preserving
the articulated centra and neural arches of T7 through L1.
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T3
The third thoracic vertebra (T3) is represented by a partial neural arch; the body was not
recovered (Table 26-4). Specifically, T3 preserves the left superior and inferior articular
facets, partial left pedicle and transverse process, virtually complete left lamina, and partial
right lamina. The laminae themselves exhibit posterior arch fusion — not surprising since
the posterior synchondroses of the thoracic vertebrae are among the first to ossify, beginning in the lower thoracic vertebrae during the latter part of the first year postnatal (Scheuer
and Black, 2000). The spinous process was not preserved. While largely incomplete, T3 was
easily assigned to number because of its relative position in the excavated thorax. The superior articular facet is broad and flat, with a sliver-like piece missing from its medial margin.
The facet is quite cranial in position to the laminae. Anterior to the facet is a gentle anteroinferior slope onto the pedicle. The laminae are anteroposteriorly quite thick (3.2 mm). In posterior view, the cranial junction of the two laminae forms a gentle “U” shape. Both the external and internal surfaces of the laminae lack relief; i.e., they are relatively smooth. Only the
root of the left transverse process remains, and it is more complete inferiorly than superiorly. There is a superoinferior crack through the left inferior articular process; the right inferior articular process is not preserved.

Table 26-4.
Measurements of Lagar Velho 1 third through seventh thoracic vertebrae (T3-T7).
T3
Rt

Superior Interfacet Distance

T4
Lt

T5

Rt

Lt

–

T6

Rt

–

Lt

T7

Rt

17.2

Lt

Rt

–

Lt

–

Inferior Interfacet Distance

–

14.8

–

–

–

Inferior Max. Transverse

–

21.0

–

–

–

Ventral Body Height
Median Body Height

–
–

–
–

–

–
–

–

(8.1)
–

–

–

–

Cranial Body AP Diameter

–

–

–

(12.5)

Cranial Body ML Diameter

–

–

–

(23.3)

(6.8)

–
–
–

Superior Facet Height

–

5.0

–

6.2

5.9

(6.0)

–

–

–

5.2

Superior Facet Breadth

–

(4.9)

(5.0)

5.2

(5.0)

5.9

–

(5.4)

–

–

Inferior Facet Height

–

–

–

7.1

–

–

–

–

–

–

Inferior Facet Breadth

–

–

–

6.1

–

5.8

–

–

–

–

Pedicle Height

–

(5.8)

5.5

5.5

–

5.8

–

5.9

–

5.9

Pedicle Breadth

–

2.9

2.9

2.7

–

2.9

–

3.2

–

4.2

Laminar Height

–

8.1

–

–

–

–

–

–

–

–

Laminar Thickness

–

3.2

(3.0)

(2.5)

–

–

–

–

–

–

Transverse Process Root Height

–

(5.2)

–

6.4

–

(6.5)

–

6.2

–

5.6

Transverse Process Root Breadth

–

(5.0)

–

4.7

–

4.5

–

6.7

–

5.0

T4
The fourth thoracic vertebra (T4), like the third, is represented by two large pieces that
together form a partial neural arch (Table 26-4). There is also a third piece: a small (7.2 mm x
2.7 mm) sliver of bone; however, this piece cannot be articulated with the other preserved portions of the vertebra. As was done for T3, the pieces’ assignment to T4 was determined through
their relative position in the thorax during excavation. The largest piece preserves both left articular facets, the root of the left transverse process, most of the left pedicle, a virtually complete
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left lamina and a partial right lamina (including a partial right inferior articular facet). The second piece presents a partial right superior articular process and partial right pedicle. In morphology, T4 is similar to T3, and like T3, its spinous process is missing postmortem. Much of
the cortical bone in the area surrounding the root of the spinous process is missing, as is the
cortical bone of about one-fourth of the inferolateral dorsal margin of the right lamina.
The left superior articular facet is ovoid in shape and is obliquely oriented, such that its
long axis runs in a superolateral to inferomedial direction. Its articular surface is flat, and
there is a gentle, “U”-shaped slope between it and the right superior articular facet. The right
superior articular facet is bisected by a transverse crack separating the two preserved pieces
of T4. On the second, smaller (right) piece, the facet evinces a rounded superior margin, and
like the left, its articular surface is planar. Also on the smaller (right) piece, much of the articular surface is preserved. However, on the larger (left) piece, most of the right superior articular facet’s articular surface is missing, exposing cancellous bone, except for a small strip of
cortical bone along its medial margin. The left inferior articular facet is ovoid in shape, with
a pointed caudal margin and a more rounded cranial margin. Its boundaries are discrete, but
on its medial aspect there is a small ovoid postmortem depression ca.2.2 mm superoinferior and 0.8 mm mediolateral. The right inferior articular facet is missing its inferolateral onethird to one-half. Its medial and lateral margins are also discrete. Under macroscopic examination, the superior margin of the facet appears to blend gradually into the laminar surface.
However, under the microscope, it is apparent that the cranial margin of the right inferior
articular facet is sharp and discrete; its boundary is merely masked by adhesions of matrix.
As with T3, the laminae themselves exhibit posterior arch fusion, and they are also thick
in internal-external dimension, although this is difficult to measure due to missing cortical
bone on the dorsal aspect of the neural arch. The left transverse process, while represented
solely by its root, appears to have been horizontal in orientation (i.e., low inclination). It is
also posteriorly oriented, although neither of these angles can be measured with any accuracy. Both pedicles are preserved, and both evince a similar morphology in that they are
superoinferiorly expanded and relatively narrow mediolaterally. The two pedicles differ in
that in lateral view, the anteroinferior slope from the apex of the superior articular facet is
steeper on the right than the left. The right pedicle also evinces an AP crack on its medial
surface. In superior view both pedicles appear to have been inclined somewhat toward the
midline (i.e., their long axes are anteromedial to posterolateral). Given this orientation, the
neural canal would have been relatively round in cross-section.

T5
Thoracic vertebra 5 (T5) is represented by both its centrum and its neural arch (separate
pieces), both of which have sustained significant damage (Table 26-4). The heavily damaged
neural arch was posteriorly fused (as indicated by its preserved cranial margin), and it preserves the superior articular facets, most of the left pedicle, the root of the left transverse
process and the superior portion of the left inferior articular process. The left pedicle is superoinferiorly tall and mediolaterally narrow, and it evinces a gentle slope from the superior articular facet anteroinferiorly to the region of the neurocentral junction. The root of the left transverse process would seem to be indicative of a somewhat posterior inclination for the process.
Much of the dorsal margin of the neural arch is composed entirely of matrix; i.e., the external
shell of cortical bone is missing. Preserved cortical bone is evident along the superior margin
at the junction of the two laminae and continuing onto the cranial margin of the right lami-
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na (albeit with a crack just inferior to the right superior articular facet). There is a second area
of cortical bone preserved along the lateral margin of the right lamina. Both superior articular facets evince rounded cranial margins and planar articular surfaces, with a deep “U” shape
between them. In overall size, the left superior articular facet is larger than the right. In particular, the ovoid left superior articular facet has a greater transverse diameter than its counterpart on the right. Its inferior margin remains obscured by matrix. The long axis of the left
superior articular facet runs in a superolateral to inferomedial direction. The long axis of the
right superior articular facet is more vertical in orientation; its articular surface faces more laterally than the left, and its relative position appears more posterior than that of the left,
although this last feature is most likely due to postmortem distortion.
The centrum of T5 is largely complete, but it remains crushed caudally into the centrum of T6, and dorsally onto the neural arch of T6. In addition, a small (11.9 mm mediolateral x 4.6 mm superoinferior) portion of the left inferolateral margin of the centrum of T5
remains attached to the left sixth rib. The superior surface of the T5 centrum faces anterolaterally (left), and it is caudally deviated from its neural arch piece. The T5 body is crushed
to the extent that along some aspects of the centrum, it is difficult to discern where T5 ends
and T6 begins. A small portion of the superior lip of the centrum is apparent on along its
anterior margin, as is a small fraction of its inferior lip. Despite some distortion, the centrum does retain some of its cylindrical shape, from which it is apparent that its body height
was relatively short, while its transverse, or mediolateral, maximum dimension would have
been roughly twice its midsagittal, or maximum, anteroposterior dimension.

T6
Thoracic vertebra 6 (T6) is represented by a badly crushed centrum and damaged partial neural arch (Table 26-4). In fact, the T6 centrum, along with that of T7, is one of the
most damaged of any of the preserved Lagar Velho 1 vertebrae. As a result, few features of
this portion of the vertebra are discernable. The T6 centrum consists of three pieces of
matrix-filled trabecular bone: the first is crushed into the caudal aspect of the T5 centrum,
the second into the cranial margin of the T7 centrum, and the third piece, measuring 12.9
mm superoinferior by 13.2 mm mediolateral, is attached to the left sixth rib. On the right
side of the piece adhered to T5 and the portion that remains attached to T7, much of the centrum has been eroded away. Much of its left lateral margin remains attached to the left sixth
rib, including a piece of cortical bone measuring 5.4 mm along its long axis (inferomedial to
superolateral) and 2.8 mm along its short axis (superomedial to inferolateral). The preserved
neural arch of T6 includes two badly damaged (but apparently fused) laminae, a damaged
left superior articular facet, and left pedicle. A small portion of cortical bone from the inferior surface of the right pedicle remains; more anterior portions of the right pedicle, if present, are buried in matrix. The lateral margin of the left superior articular facet is missing,
and much of the posterior face of its articular surface is matrix; however, one can discern
that it had a planar articular surface and a rounded cranial margin. The lateral margin of the
left lamina is also missing, as is the root of the left transverse process. The left pedicle is relatively tall and narrow. The neural canal apparently was wide in the coronal plane, and thus
ovoid in superior view. Much of the posterior surface of the left lamina is gone. The right
lamina’s posterior face is more complete, but it is broken into many small pieces that are
now held together by a mixture of acetone and cement. The right superior articular facet is
not preserved, nor is the spinous process.
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T7
Thoracic vertebra 7 (T7) is represented by a heavily damaged centrum and small portions of a heavily damaged neural arch (Table 26-4). Part of its body remains adhered to
the body of T6, a small portion of it remains attached to the left sixth rib, but most of it
remains crushed into the cranial margin of the T8 centrum on the large thoracic/lumbar
piece that includes elements from T6 to L1. There are only two pieces of the T7 centrum
that are clearly discernable. First, on the large column piece, the right anterolateral wall
of the centrum is apparent. The body has been pushed downward such that the cranial
surface of the centrum faces anterolaterally, or, more correctly, would face anterolaterally, were it not destroyed. While neither the superior nor inferior lip of the centrum is preserved, the measurement of the right lateral face may approximate median body height:
(6.8 mm). The second piece is a small section of cortical bone that remains attached to
the left sixth rib, which evinces a slight lip corresponding to the cranial (superior) lip of
the T7 centrum.
With regard to the neural arch of T7, only fragments of its laminae remain within the
small piece that includes the centrum and neural arch of T6. In posterior view, most of
T7 that is exposed is trabecular bone. The largest section of cortical bone is a section of
the right lamina measuring ca.11.8 mm in height, and ranging in breadth from 7.7 mm
at its caudal margin to 12.1 mm at its cranial margin. Just medial to this area of cortical
bone is an exposed oblique line of trabecular bone with its long axis running superomedially (on the left) to inferolaterally (on the right) measuring 15.2 mm along its long axis,
and 6.9 mm at a 90° angle to the long axis. To the left of this region is an area of undifferentiated matrix, with a circular (6.2 mm superoinferior x 6.7 mm mediolateral) hole
representing the root of the left pedicle. There is a left pedicle, partial transverse process
and superior/inferior articular process piece that fits into this hole, and is therefore
assigned to T7. The pedicle is relatively robustly built, somewhat tall, but also wide, and
ovoid in cross-section. The preserved left superior articular facet is circular in shape and
has a planar articular surface. The facet is missing perhaps one-fifth of its medial margin.
The base, or root, of the transverse process is large and circular in cross-section. The base
also indicates that the transverse process was horizontally and laterally oriented. The left
inferior articular facet, evincing damage along its inferior and medial margins, is larger
than the superior facet. Its articular surface is planar, and about one-fourth of its medial
margin is missing. The facet’s size cannot be measured accurately, since both its inferior
and medial margins are missing, but it was at least 7.0 mm in height, and 5.7 mm in
width.
The last piece that is likely to belong to T7 (although it cannot be articulated with the
other T7 pieces) is an isolated right superior articular facet and partial pedicle. This piece
does not belong to T6, since it includes the caudal margin of the pedicle, also preserved
on the T6 neural arch. The facet and pedicle are similar in both size and shape to that of
the left T7 superior articular facet. The facet’s surface is flat, and its process evinces a gentle, superiorly concave cranial margin running anteroinferiorly onto the pedicle. In posterior view the facet appears more rounded on its lateral side, but its medial edge has been
sheared off. Posteroinferiorly, likely just inferior to the articular surface, cortical bone is
missing, exposing trabeculae within the pedicle. There is also matrix adhered to the proximal-most portion of the pedicle, especially along its medial side. Within the proximal
pedicle, too, in anterior view, trabecular bone is visible.
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T8
Thoracic vertebra 8 (T8) is the first vertebra to lie entirely within the long columnar
piece (Table 26-5). It is represented by a crushed and inferolaterally (left) deviated centrum
and laminae, with the superior articular facets, roots of the spinous process and transverse
processes preserved. The body of T8, like the body of T7 above it, is deviated such that its
anterior margin faces inferiorly to the left. While it remains crushed into T7 above and to a
lesser extent T9 below, anteriorly, one can discern both the superior and inferior lips of the
centrum, especially on its left side. The centrum is superoinferiorly short and transversely
wide in shape, perhaps wider than T7, although the centrum of T7 is so badly damaged as
to make such a supposition suspect. The body has also been pushed posteriorly into the laminae (which were fused), so there is little one can say about the shape of the neural canal.
However, it appears to have been somewhat more triangular in shape (i.e., evinced a more
“peaked” posterior canal) than were those of the more cranial vertebral elements. On the
neural arch itself, there is a superoinferior crack through the left lamina that runs from its
inferior margin up through the medial, inferior corner of the left superior articular facet.
There is also a deep “U” shape between the two superior articular facets. The posterior surfaces of the laminae are smooth and featureless, with trivial damage along the right inferolateral margin. The borders of the flat articular surfaces of the two oval-shaped superior articular facets are discrete, and the left is transversely wider and superoinferiorly shorter than
the right. Both superior articular facets face posteriorly, and both have superolateral to inferomedial long axes. The base of the spinous process indicates that it was inferiorly oriented,
while the roots of the transverse processes (both of which have inferior damage) suggest that
they were somewhat posteriorly oriented.

Table 26-5
Measurements of Lagar Velho 1 eighth through twelfth thoracic vertebrae (T8-T12).
T8
Rt

T9
Lt

T10

Rt

Lt

T11

Rt

Lt

Rt

Rt

Lt

Superior Interfacet Distance

18.2

–

Superior Max. Transverse

23.6

–

–

–

(23.8)

Inferior Max. Transverse

–

–

(22.3)

–

(20.6)

Ventral Body Height
Median Body Height

(8.8)
–

Cranial Body AP Diameter

–

T12
Lt

–
9.0

–

–

–

–
–

–

(14.7)

19.5

–
–

–

–

(8.8)
–

(7.7)

–

(8.0)
–

Superior Facet Height

6.7

6.0

–

5.1

–

–

–

–

(6.2)

Superior Facet Breadth

5.6

6.2

–

5.8

–

–

–

–

(4.4)

(6.9)
(5.0)

Pedicle Height

–

–

–

–

–

–

–

5.1

(8.5)

(9.4)

Pedicle Breadth

–

–

–

–

–

–

–

5.0

–

(3.8)

Laminar Height

–

–

–

–

(11.9)

11.6

–

–

–

–

Transverse Process Root Height

–

–

6.0

6.2

–

4.1

–

–

–

–

Transverse Process Root Breadth

–

–

(7.2)

(7.8)

4.4

–

(4.9)

–

–

–

T9
Thoracic vertebra 9 (T9) is represented by a damaged centrum, two laminae, the left
pedicle, superior articular facets, and transverse processes (Table 26-5). The only readily
identifiable portion of the body of T9 is its badly eroded cranial surface. What is apparent
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from this surface is that the centrum of T9 is displaced in position relative to the rest of the
vertebral column such that its cranial surface is facing anteriorly and laterally to the left.
The shape of the body is somewhat difficult to assess, given that it is badly eroded along its
cranial and lateral margins. However, examination of the cranial surface of the body suggests that it was relatively round in shape, without the more ventral expansion of the body
more typically seen in the adult T9. Ventral body height cannot be assessed because the
caudal margin of the centrum fades into matrix. In terms of its neural arch, in posterior
view, T9 preserves two laminae that are separated from each other postmortem by a large
superoinferior crack located along midline. The crack splits apart the roots of the spinous
process as well. The posterior laminar surface is relatively smooth and featureless. The cranial margin of the right lamina remains hidden in matrix, and there is trivial damage to its
caudal surface. The left lamina’s cranial surface is damaged by the above-mentioned crack.
Due to the inferior displacement of the centrum, the neural arch is no longer in articulation with the body.
Of the pedicles, only the left is visible, as the right remains buried in matrix. The left
pedicle evinces a shallow depression laterally that likely corresponds to the articulation with
the head of the ninth rib. Much of its cranial surface remains hidden within matrix.
However, that portion of the left pedicle that emerges from the matrix evinces only a slight
superoposterior slope onto the crest of the superior articular facet, such that in lateral view
the superior articular facet does not cranially deviate far above the transverse plane of the
pedicle.
As with the pedicles, of the two superior articular facets, only the left is visible (the
right is hidden beneath the inferior articular facet of T8). This planar facet is ovoid in
shape, with a superolateral to inferomedial long axis. Its articular surface appears to face
posteriorly and slightly laterally. While the borders of its articular surface are discrete, the
facet has trivial damage to its superomedial margin. Both transverse processes are present;
however, as with the more cranial vertebrae, both of their distal ends have been broken off.
Despite the fact that the proximal portion of the right transverse process disappears into
matrix, more of it is preserved than the left, which evinces significant damage (with
exposed trabecular bone) on its more anterior aspect. Both processes are posteriorly and
slightly superiorly inclined.

T10
Thoracic vertebra 10 (T10) is represented by a badly eroded centrum and damaged posterior neural arch (Table 26-5). The centrum’s cranial surface evinces extensive erosion, and
its right lateral margin has been eaten away. The left anterolateral face remains, but it, too,
is so eroded that in lateral view it has a rounded shape, rather than being more “squared off”
at its cranial and caudal lips. As a result of this damage, ventral body height cannot be measured. Within the columnar piece, the centrum is displaced caudally and to the left, although
it is not as extreme in its displacement as was the centrum of T9. As with the other vertebrae preserving centra, the T10 centrum is displaced posteriorly into the neural arch. In posterior view the two smooth, featureless laminae are separated by a superoinferior break at
the median plane. This break has also exposed trabecular bone within what was the root of
the spinous process. The right lamina also evinces damage to its inferior margin for most of
its course, except for the lateral-most 6.5 mm. The cranial margin at the junction of the two
laminae appears more “V”-shaped than “U”-shaped. Only the left superior articular process
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is visible, and it fades into matrix and is missing the region around its superolateral margin.
Thus, the morphology of the superior articular facets cannot be assessed. The bases of both
transverse processes are present; both point in a posterolateral and somewhat cranial direction. The processes are smaller in cross-section than were the transverse processes of T9.
Neither pedicle is free from matrix, although a small portion of the right pedicle may be visible just anterior to the root of the transverse process.

T11
Thoracic vertebra 11 is also represented by a heavily damaged body and partial neural
arch (Table 26-5). As with the more cranial elements preserved on the long columnar piece
(T7 through T10), the body of T11 is deviated inferiorly, such that its cranial surface faces
anteriorly and to the left. There is heavy damage to the centrum, as only its inferior margin
is clearly visible — much of its superior surface is eroded and/or fades into the surrounding
matrix. Therefore, ventral body height cannot be assessed. In posterior view, there is a superoinferior crack running through the right lamina up through the superior articular process
(the facet itself is not visible — it disappears behind matrix). This crack is in fact a continuation of the same fault seen on the laminae of T8, T9, and T10. On T11 it is more lateral than
on T9 and T10, where it was in the median plane. Medial to the crack, the caudal margin of
the lamina is eroded away. Lateral to the crack, the inferior margin of the lamina remains,
as does the root of the right transverse process. However, the portion of the neural arch to
the right of the fault has been displaced somewhat inferolaterally. The root of the spinous
process is also present, although, as with all the other vertebrae in the large column piece
(except T9), its trabecular bone is clearly visible (in T9 no bone remains in the area surrounding the spinous process root). The left lamina is complete, but evinces a small break
along its lateral margin.
The posterior synchondrosis is fused. This is expected, since ossification of the posterior synchondroses in lower thoracic vertebrae is expected to commence in the first year
postnatal (Scheuer and Black, 2000). The cranial margin of the junction of the two laminae,
like T10 before, appears more “V”-shaped than “U”-shaped. The base of the left transverse
process is present, but it remains covered in matrix, making it impossible to measure.
Within matrix and the centrum of T10, a small portion of the right pedicle is apparent. Also
emerging from the matrix on the left is the superior articular facet. It cannot be measured
due to a hole in the facet’s cortical bone that has destroyed its inferior and medial margins,
and there is a line of matrix that bisects its articular surface. The facet is transversely narrow
and evinces a gently rounded superior margin. The articular surface of the facet is slightly
mediolaterally convex, and there is a relatively steep anteroinferior slope from its apex onto
the superior margin of the left pedicle. Located just inferiorly to the left pedicle is a small
piece of the proximal end of the left eleventh rib.

T12
The twelfth thoracic vertebra (T12) is relatively complete, although, as with most of the
thoracic vertebrae, its centrum is dorsally displaced into the neural arch and the centrum’s
caudal surface remains adhered to the body of the first lumbar vertebra (L1) (Table 26-5).
However, T12 is more or less in anatomical position, more so than any of the more cranial
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vertebrae thus far discussed. In terms of its neural arch, T12 preserves both pedicles, fused
laminae, and all articular processes. The root of the spinous process is represented by a
broad base filled with exposed cancellous bone. The transverse processes are missing; only
holes with exposed trabeculae remain at their bases.
As in most humans, T12 is the “transitional” vertebra with regard to the orientation of
the articular facets; i.e., its superior articular facets are oriented in a paracoronal plane, while
its inferior facets are oriented in a parasagittal plane. The superior articular facets evince a planar articular surface, and the right is smaller than the left. This is difficult to measure, however, because the left facet’s superior margin fades into matrix, and the right facet’s face
remains coated with a thin layer of matrix, making its inferior articular margin indiscernible.
The right superior articular facet has also sustained trivial damage along its superior margin,
while the left superior articular facet has sustained minor damage along its medial margin.
In posterior view, there is a gentle, broad “U” shape between the two superior articular
processes inferomedially to the cranial margins of the laminae. In lateral view, the right superior articular process appears to have a less steep anteroinferior “slope” onto the pedicle than
the left one due to the larger size of the left facet. The left pedicle is separated from the centrum; it lies laterally to it. While neither can be accurately measured, the laminae of T12 are
superoinferiorly expanded — much taller than the laminae of T11 — and mediolaterally narrow. The T12 centrum is mediolaterally broad and superoinferiorly short. Much of its cranial
surface is visible due to the displacement of the T11 centrum. On its cranial surface, only a
small (3.8 mm mediolateral x 3.8 mm anteroposterior) piece of cortical bone remains; the rest
of the cranial surface has sustained damage such that trabecular bone is exposed. Much of the
anterior face, however, retains its cortical bone. In anterior view, there is a superoinferior fault
running ca.4.0 mm to the left of midline. The body has its greatest height just to the left of
this fault. The lateral sides of the body fade into matrix. None of the centrum’s inferior surface is visible, due to the fact that it lies directly atop the body of L1.

Lumbar Vertebrae
All five lumbar vertebral elements are preserved in the Lagar Velho 1 skeleton. The first
lumbar vertebra (L1) remains adhered to the caudal surface of T12 (Figs. 26-3 and 26-4); all
other lumbar elements are preserved as separate neural arch/articular and central pieces
(Fig. 26-6). Each element preserves at least some of its centrum, and all preserve most of
their neural arches.

L1
The first lumbar vertebra (L1) is the caudal-most element present in the large columnar
piece (Table 26-6). It is represented by a centrum that has been dorsally displaced into the
neural arch, such that, in inferior view, one can see that the right pedicle is surrounded by
centrum. On the left side, it appears that the centrum is wedged just medial to the pedicle
(the left pedicle’s external surface retains some matrix, some of which could be bone from
the centrum, however). In posterior view, two complete and posteriorly fused laminae are
evident, as well as two inferior articular facets and the root of the spinous process. Likewise,
the roots of the transverse processes are preserved. It is likely that the superior articular
processes are also present, yet remain hidden beneath the inferior articular processes of T12.
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Table 26-6
Measurements of Lagar Velho 1 first through third lumbar vertebrae (L1-L3).
L1
Rt

Canal Breadth
Superior Interfacet Distance
Inferior Interfacet Distance
Inferior Max. Transverse
Ventral Body Height
Median Body Height
Superior Facet Height
Superior Facet Breadth
Inferior Facet Height
Inferior Facet Breadth
Pedicle Height
Pedicle Breadth
Laminar Height
Laminar Thickness
Transverse Process Root Height

L2
Lt

Rt

(17.6)
–
18.9
(20.6)
(10.5)
–
–
–
–
5.4
–
–
–
–
–

L3
Lt

Rt

17.9
19.7
20.6
23.0
–
(9.9)
–
–
–
4.6
–
–
–
–
–

The centrum of L1 is relatively well preserved, and it is more or less in anatomical
position, although its left side is somewhat
more caudal in position than its right. Its
superior margin is hidden by the inferior
margin of T12. Its inferior surface is visible;
recall that the right pedicle had invaded it. It
preserves cortical bone on the anterior half
of its body. Cancellous bone is visible along
its posterior half, except for the region
immediately ventral to the neural arch —
here there is matrix present, most likely dirt
filling the remnants of the neural canal.
There are two circular pits, each ca.4.0 mm
in diameter, visible on the posterior inferior
surface of the centrum. The first is just
anteromedial to the right pedicle; the second
is anterior to midline; both are evidence of
postmortem damage to the specimen. There
are other, smaller areas of exposed trabecular bone more anterior to these — one is
along the right anterior margin just to the
right of midline. Cancellous bone is also visible in anterior view, where one can see that
most of the right side of the body’s anterior
face is eroded away, exposing trabeculae.
The left side of the body’s anterior face is in
fairly good condition, with minor erosion of
the left inferior margin, and some crushing

–
7.2
–
(7.7)
5.5
7.3
4.4
12.6
3.2
–

Lt

18.2
21.8
23.0
27.2
–
–
7.8
(6.2)
8.3
5.9
7.8
4.2
12.4
3.2
–

–
8.7
6.5
7.0
5.9
6.8
4.9
11.0
3.6
–

–
8.4
(6.9)
7.2
5.1
6.8
5.2
9.7
3.4
5.8

FIG. 26-6 – Dorsal view of the Lagar Velho 1 neural arches of
the four caudal-most lumbar vertebrae, beginning in
sequence cranially with L2 (top) and continuing caudally
through L5 (bottom). Only the right portion of the L4
neural arch is shown. Scale is in centimeters.
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of the superior margin into the anteroinferior edge of T12. The left side of the body disappears into the medial side of the left pedicle.
In terms of the neural canal, it appears to have been relatively large and pentagonal in
its cross-sectional shape (although one cannot rule out the possibility that the orientation of
the pedicles has been altered postmortem). In posterior view the root of the spinous process,
with its exposed trabecular bone, is tall (superoinferiorly) and narrow (mediolaterally), and
the inferior articular processes are also superoinferiorly extended. Posteriorly, the margin
between the left inferior articular process and the root of the left transverse process is more
curved than the equivalent junction on the right, which evinces more of a “squared-off” morphology. In other words, in posterior view, as the left inferior articular process rises up to
meet the superior articular facet and transverse process, its lateral margin is medially concave, whereas the right side evinces a relatively straight superoinferiorly-oriented margin.
The morphology of the superior articular processes is difficult to discern, as both are covered
by the inferior articular processes of T12. In lateral view, the superior margin of the right
pedicle is visible as it disappears into matrix; one cannot discern the pedicle’s inferior margin, as it remains embedded in matrix. The slope made from the right superior articular
facet anteroinferiorly onto the cranial margin of the right pedicle is a gentle one, but the posterolateral portion of the right pedicle has suffered damage, such that trabecular bone is
exposed. The inferior articular facets face anterolaterally. Both are slightly anteroposteriorly
convex, and ovoid in shape. The right is larger than the left. Both evince damage to their inferior and posterior margins, where trabecular bone is exposed.

L2
Lumbar vertebra 2 (L2) is the first vertebra in the series since T4 that is not attached
to any other vertebral element (Table 26-6). It is represented by a neural arch that is essentially complete and several small pieces of its centrum. The neural arch preserves the pedicles, with the right one more complete than the left one, the laminae (as with L1, fused posteriorly — fusion commences in the lower thoracic and upper lumbar vertebrae during the
first year postnatal: Scheuer and Black, 2000), and all of the articular facets. The transverse
processes are missing, and only the base of the spinous process (with exposed trabecular
bone) remains. In posterior view, on either side of the root of the spinous process, the laminae evince rounded depressions for the insertions of rotatores lumborum muscles. In lateral view, the base of the spinous process evinces a cranially convex, caudally concave,
hook-like appearance. In posterior view the spinous process deviates slightly to the right.
Also in posterior view, there is a broad, gentle “U” shape to the cranial laminar margin
between the two superior articular processes. There is, too, in posterior view a slight
depression running along the medial side of each superior articular process. The superior
articular processes themselves possess posterior extensions, forming a base for the future
mamillary processes. The left is more complete than the right, having only a small (ca.2.0
mm x 2.0 mm) area of exposed trabecular bone on its posteroinferior aspect. The right
superior articular facet has a much larger (6.0 mm superoinferior x 3.5 mm anteroposterior) area of exposed trabecular bone along its posterolateral margin. However, the right
superior articular facet appears to have been larger than the left, at least with regard to its
non-articular portion. Neither of the superior articular facets has an articular area with a
discrete boundary. Both articular surfaces face posteromedially, and both facets are anteroposteriorly concave.
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The inferior articular facets, on the other hand, are slightly convex and teardrop shaped,
with the left possessing a broader base than the right. Both have sustained damage to their
inferior margins such that trabecular bone is visible. There is a fresh break on the lateral
margin of the left inferior articular process such that a rectangular area of cortical bone
ca.6.6 mm superoinferior x 1.7 mm mediolateral has been removed. The internal surfaces
of the laminae evince some relief in that two depressions are evident, each medial to the
inferior articular facet. The laminae themselves are superoinferiorly tall and thick in their
external-internal dimensions. In superior view, the neural canal has a pentagonal shape with
its peak at its dorsal-most point, and the junction of the two laminae evinces a mediolaterally broad triangular region just superoanterior to the spinous process. The L2 centrum is
represented by several small pieces, the largest of which is the most interesting. This piece
is 19.2 mm long x 9.7 mm high, and presents one symphyseal surface, likely its cranial one.
It also preserves some of the cortical bone from its lateral walls. Its height of 9.7 mm is
almost certainly less than its ventral body height, since its “inferior” surface lacks cortical
bone.

L3
The third lumbar vertebra (L3) is represented by most of its neural arch and several
small pieces of its centrum (Table 26-6). Its laminae are fused to each other to form the root
of the spinous process. Only the base of the superoinferiorly tall and mediolaterally thin
spinous process is preserved, but it appears to have been somewhat more inferior in its inclination than might be expected for a third lumbar vertebra. Just cranial to the base of the
spinous process, at the junction of the two laminae, is a small depression akin to a triangle
some 4.0 mm at its base, with the top of the spinous process as its apex. The ridges that form
the “sides” of the triangle run superolaterally to form the medial margins of the superior
articular processes. Also evident in posterior view are two depressions, lateral to these
ridges, which run from the medial face of each superior articular process onto the laminae.
The right lamina appears mediolaterally wider than the left, and its inferior margin is more
horizontal compared to the more steeply angled (peak at midline) left. Both laminae have
curved lateral margins in posterior view, but that on the right appears to be more superior
and has a smaller radius of curvature than that on the left. Also in posterior view, the superior margin at the laminar junction forms a broad “U” shape, with the left superior articular facet exhibiting a more superior orientation than the right.
Both superior articular surfaces face posteromedially, and both evince an anteroposterior concavity. The nonarticular portion of the right superior articular facet appears larger
than that of the left; neither facet’s articular surface bears a discrete margin. The inferior
articular processes are teardrop shaped, with the right larger than the left. As with L2, there
is relief on the internal surface of the arch, with a depression separating the inferior articular processes from the neural arch proper. The boundaries of the inferior articular facets are
discrete, much more so than those of the superior articular facets. However, their inferior
margins are damaged such that trabeculae are visible. The inferior bases of both transverse
processes remain, and the left preserves some of its superior margin, as well. Both appear
to have been horizontal in inclination, and the holes at their roots suggest an ovoid shape,
anteroposteriorly broader than superoinferiorly tall.
Both pedicles are present, although the right one is glued to its lamina due to a fresh
break. In terms of their preservation, more of the body is found attached to the right pedicle
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than to the left. Both pedicles are relatively square in cross-section, with the left somewhat
transversely thicker than the right. In superior view, the neural canal appears mediolaterally broad and seemingly less anteroposteriorly deep than that of the first two lumbar vertebrae. There are seven small pieces of the L3 centrum preserved, all of which have at least
some cortical bone remaining on them. The largest piece measures 13.8 mm mediolaterally
x 10.6 mm superoinferiorly, while the smallest piece measures 7.2 mm x 6.0 mm (orientation unknown). Two of the pieces have beveled sides reflective of either the superior or inferior surface, and a non-beveled side reflecting the centrum’s lateral, anterior, or posterior
faces. Two pieces preserve both a superior and inferior surface, and each yields a height of
10.6 mm — this therefore approximates the body height of L3.

L4
The fourth lumbar vertebra (L4) is represented by two incompletely fused halves of the
neural arch and a large, but damaged, piece of its centrum (Table 26-7). The fact that the two
laminae are not completely fused is not unexpected — the posterior synchondroses of the
lower lumbar vertebrae may not fuse until age 5 (Scheuer and Black, 2000). The left pedicle
and the lateral portion of the left lamina are compressed into the dorsal margin of the centrum of L5. Due to a recent break, the right pedicle and lamina, and medial portion of the
left lamina are preserved as a separate piece. Also preserved are the articular facets and the
bases of the two transverse processes. The laminae are relatively smooth and featureless in
posterior view. The inferior margin of the right lamina is heavily damaged. Where the laminae meet at midline there is a thin, incompletely ossified synchondrosis running from the
midline along the cranial margin inferolaterally to the left. There is no development of a
spinous process.

Table 26-7
Measurements of Lagar Velho 1 fourth and fifth lumbar vertebrae (L4-L5).
L4
Rt

Ventral Body Height

L5
Lt

Rt

–

Lt

(12.0)

Superior Facet Height

8.1

7.2

7.7

8.1

Superior Facet Breadth

6.2

6.1

6.7

(6.5)

Inferior Facet Height

9.0

–

9.4

8.9

Inferior Facet Breadth

6.1

–

6.5

6.3

Pedicle Height

6.6

6.3

–

5.0

Pedicle Breadth

8.2

6.4

–

8.9

Laminar Height

–

–

5.7

5.6

Laminar Thickness

2.2

–

3.5

3.6

Transverse Process Root Height

4.3

4.2

–

–

Both superior articular facets are anteroposteriorly concave, and the right exhibits
damage to its posterior margin, whereas the left has sustained posterior and lateral damage. The borders of the articular portions of the superior articular facets are not discrete.
Only the right inferior articular facet is visible (the left is hidden behind the L5 centrum).
It is teardrop shaped and anteroposteriorly convex. There is a depression on the internal
surface of the lamina just medial to the inferior articular facet, such that the facet’s medi-
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al border is raised up to form a distinct ridge. The pedicles are ovoid in cross-section with
mediolateral cross-sectional long axes. The right pedicle is larger than the left, and the left
is more damaged along its lateral margin than the right. It is unlikely that the pedicles
were fused to the centrum, since the posterior synchondrosis (which is here unfused)
generally undergoes synostosis before the neurocentral synchondroses (Grant, 1972). The
roots of the transverse processes indicate that they were small in cross-section. The relatively broad centrum of L4 is represented by a single piece 35.4 mm wide, with a maximum height of 10.2 mm, and preserves perhaps one-third of its beveled inferior surface.
Much of the cranial surface of the centrum has been cleaved off; there is only one anterolateral spot to the right of midline where there is cortical bone preserved from a region
cranial to the superior lip. The maximum body height for the piece is 10.2 mm, but this
is almost certainly less than its living ventral height, as so little of the cranial surface is
preserved. The inferior surface is somewhat compressed (most likely postmortem) near
its center.

L5
The fifth lumbar vertebra (L5) is represented by a virtually complete centrum and right
and left portions of the neural arch (Table 26-7). As with L4, the posterior synchondrosis
had not yet undergone synostosis — a phenomenon that in L5 can occur as late as the end
of the fifth year postnatal (Scheuer and Black, 2000). The left lamina is complete; the right
is damaged along its medial margin. The laminae are superoinferiorly short (as is common
for lumbar vertebrae) and evince posterior surfaces that are relatively smooth and featureless. The internal surfaces of the laminae have a caudal groove running the length of each
lamina to its inferior articular facet. Both inferior articular facets are preserved, but the
right has matrix adhered to its inferomedial surface, and evinces some porosity in the center of its articular surface. Both articular areas are planar and ovoid in shape, with superoinferiorly oriented long axes. The superior articular facets are also preserved. Each has
matrix adhered to its lateral face, and the left is slightly damaged along its lateral margin,
such that trabecular bone is exposed. Both are circular in shape, and anteroposteriorly concave. The pedicles are also preserved, although the right is missing most of its inferior margin, and it evinces a hole where the transverse process used to be. The left pedicle is complete. It is internally to externally much broader than superoinferiorly high and is somewhat rectangular in cross-section. The root of the left transverse process is preserved, but
measurement would be unwise, since the hole marking its location extends anteriorly onto
the pedicle.
A partial centrum of L5, 28.5 mm wide and 12.3 mm tall, is preserved. It evinces beveled
cranial and caudal surfaces, as well as its superior and inferior lips. Its posterior face is either
missing (right) or crushed against the lamina of L4 (left). Inferiorly, there is a small (5.2
mm) crevice just to the right of midline, running anterolaterally to posteromedially from a
spot ca.2.0 mm posterior to the anterior surface of the centrum to its preserved posterior
margin. The crack is approximately 1.5 mm wide, and was likely caused by a rootlet. Overall,
its caudal surface is better preserved than the cranial surface, which evinces small pockets
of exposed trabeculae. The cranial surface is also smaller than the inferior surface in terms
of preserved area.
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FIG. 26-7

– Ventral view of the Lagar Velho 1 sacrum. Scale is in centimeters.

Sacrum
The sacrum of Lagar Velho 1 is remarkably complete for such a young specimen (Table
26-8; Fig. 26-7). It preserves portions of all five sacral segments in approximately anatomical position. Sacral segments 1 through 3 (S1-S3) are preserved in a single bloc, as are S4 and
S5. The alae, or lateral/costal elements, of S1 are preserved as separate pieces. All of the preserved pieces can, however, be articulated with each other to form a nearly complete sacrum
with an in situ ventral height of approximately 55.4 mm, and a sacral maximum breadth of
perhaps 75.0 mm. The right ala of S1 is more complete than the left, which is heavily eroded along its caudal margin. The left ala of S1 preserves most of its medial articular surface
(for the centrum of S1), but it is lacking most of its iliac surface (except for a small posterosuperior portion). The right ala is missing only its inferior margin, and it preserves much of
its articular surface with both the body of S1 and the ilium. Both spool-shaped alae have
beveled ends, and both evince deep curves, such that the radii of curvature of their medial
and lateral ends are much larger than their radius of curvature in their midsections. In this
sense, they bear some resemblance to the humeral trochleae of human adults. The alae were
not yet fused to either the centrum or the neural arch piece. According to Scheuer and Black
(2000), each half neural arch of the sacrum unites with its lateral element sometime during
the ages 2-5, usually prior to its neurocentral (and costocentral) ossification, which generally occurs sometime later (ages 2-6).
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Table 26-8
Measurements of Lagar Velho 1 sacral elements.
S1
Rt

S2
Lt

Rt

S3
Lt

Rt

S4
Lt

Rt

Lt

Ventral Height (of segment)

(12.0)

(11.3)

9.8

7.5

Cranial Body Breadth

27.4

–

–

–

Superior Articular Facet Ht.

7.5

6.6

–

–

–

Superior Articular Facet Br.
Laminar Height

(6.4)
–

7.0
5.8

–

–

–

9.2

8.5

–

6.7

–

–

S1
The centrum and neural arches of the first sacral segment (S1) are virtually complete
(Table 26-8). S1 preserves the anterior face of the centrum, both superior articular facets,
and both laminae, which were unfused at the time of death. This is expected, since the posterior synchondroses of the sacrum are the last in the vertebral column to ossify — beginning at ages 6 to 8, and often continuing into puberty (Scheuer and Black, 2000). The laminae themselves are crushed into the posterior face of the S1 centrum. The left lamina is
complete; the right is missing its medial half. The cranial surface of the centrum is beveled,
except along its posterior aspect, where the cortical bone is missing and trabeculae are clearly visible. The anterior surface of the centrum is inwardly crushed, and there is a superoinferior crack in the anterior body, just to the left of midline, running from the inferior margin of S1 to within a few millimeters of the promontory. The inferior anterior face of the
body is posteriorly displaced, and the more lateral portions of the S1 centrum evince exposed
trabecular bone. In posterior view, the laminae appear superoinferiorly short, and each
tapers toward midline. Both superior articular facets are large, circular in shape, and relatively planar in morphology. The right evinces damage along its posterior margin, as does
the left, although unlike the right, the damage on the left does not affect the articular surface. Due to the displacement of the neural arches, the orientation of the facets is not readily apparent, although they almost certainly faced posteriorly.

S2
The second sacral segment (S2) is represented by a complete neural arch and centrum
(Table 26-8). The centrum of S2 is displaced in such a way that its anterior face is oriented
superiorly, and its inferior surface faces somewhat anteriorly. Its body is heavily damaged
laterally along the left side, and its lateral elements are damaged — only the left inferior margin of the left ala remains intact; elsewhere the lateral elements are either missing (right),
or are represented by amorphous pieces of exposed cancellous bone (left). The inferior surface of the S2 centrum retains its cortical bone, except on the right, where perhaps one-fifth
of its lateral surface area has been eroded away. The inferior surface of the S2 centrum is
beautifully concave in both an anteroposterior direction, and mediolateral direction. Its anterior face is mediolaterally convex, but laterally it is missing perhaps one-fifth of its area on
either side, where it is heavily eroded. In posterior view, both laminae are complete, and
articulate with each other in a well-formed synchondrosis. The laminae for S2 are craniocaudally taller than those of S1, but taper much more dramatically toward midline.
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S3
The third sacral segment, S3, is much smaller than S2, and it is more heavily damaged
(Table 26-8). Its superior surface is heavily eroded on its left side, and it is therefore only
preserved on the right, where it disappears into the posterior end of the caudal margin of
S2’s centrum. The preserved portion of its cranial surface is beveled and anteroposteriorly
convex. Its anterior face (also better preserved on the right) is slightly superoinferiorly concave. Its laminae are also present and are crushed against the posterior centrum. The laminae, while not as superoinferiorly tall as those of S2, are tall relative to the size of the S3 centrum. Of the superior articular facets, which were not visible in S2, only the relatively amorphous right facet is visible, as the left is hidden by matrix. If the lateral (costal) elements are
preserved, they cannot be recognized.

S4
The fourth sacral segment (S4) is found at the cranial end of a piece that preserves S4
and S5 (Table 26-8). It consists of a fragmentary cranial margin and approximately the right
half of the flat anterior surface of a centrum. The anterior surface of the centrum evinces
clear superior and inferior lips. Posteriorly, a small portion of the right lamina is present;
the left lamina is preserved as a separate piece, due to a recent break. The laminae are small
and both taper toward midline.

S5
All that remains of the fifth sacral element (S5) is a hint of cortical bone on the anterior surface of the S4-S5 piece measuring some 8.6 mm in mediolateral diameter and 5.5 mm
in its superoinferior dimension. In posterior view, none of S5 is visible: only matrix is seen.
Finally, although it is likely that the first (and perhaps second) coccygeal elements were present in Lagar Velho 1 due to the age-at-death of the specimen, none of the specimen’s coccygeal elements was recovered.
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chapter 27

| The Costal Skeleton

❚ TRENTON W. HOLLIDAY ❚

Costae, or ribs, as curved, elongated, arc-like bones with thin cortical bone and (in
humans) a high degree of torsion, are easily distorted, broken, and/or crushed during normal taphonomic processes. As a result, these bones are considered by some to be all but
absent from the human fossil record (Brain, 1981), although they may be preserved in extraordinary circumstances [e.g., KNM-WT 15000, the “Nariokotome boy” (Walker and Leakey,
1993)]. The ribs of juveniles, such as Lagar Velho 1, typically evince only the thinnest of cortical bone, and as a result, both pre- and postmortem factors may cause them to be misidentified and/or lost (Scheuer and Black, 2000). Given these observations, the fact that the
Lagar Velho 1 skeleton retains most of its ribs (albeit in a wide range of states of preservation) is all the more remarkable. Nonetheless, comparative data on Late Pleistocene juvenile
ribs are virtually non-existent. As a result, what follows is a detailed description of the preserved identifiable Lagar Velho 1 rib elements.
Along with the thoracic vertebrae, the ribs were removed from the burial site en bloc (by
CD), and were later excavated from the matrix in the laboratory (by TWH). The method used
to remove the bones was to use a syringe to apply acetone to dissolve away surrounding sediments, which were then removed with a soft-bristled brush. Care was taken to note the position of each rib fragment removed, and photographs were taken every few hours to ensure
that the elements would not be misidentified upon removal from the matrix. Many of the
ribs were broken during normal taphonomic processes; where possible, pieces were glued
together, often with the aid of small dowels to strengthen these fragile bones. In order to aid
in their preservation, the bones were also sealed with a mixture of acetone and Duco cement.
The Lagar Velho 1 skeleton preserves most of its left ribs, in that portions of ribs 2
through 11 are present. The first ribs were not recovered, and the specimen apparently
lacked twelfth ribs. The right ribs were severely crushed to the point that they cannot be separated, and they remain preserved as a single unit such that most cannot be identified as to
number. The proximal ends of right ribs 8, 9, 10, and 11 can be identified by determining
where they articulated with the thoracic vertebral skeleton. On the left side, ribs 2 through 8
are preserved as individual bones, but ribs 9, 10, and 11 were deemed too fragile to remove
from the matrix, and are thus preserved en bloc.
As a whole, the Lagar Velho 1 ribs are fragile, incomplete, and evince few discernable
landmarks, making quantitative analysis of their morphology difficult. It is impossible, for
example, to perform an analysis of series of instantaneous radii of curvature for the Lagar
Velho 1 ribs, as was done for the Nariokotome specimen by Jellema, Latimer and Walker
(1993). Their method requires complete ribs, and of the Lagar Velho 1 ribs, the one virtually complete rib (left rib 8) unfortunately evinces clear postmortem distortion, such that it has
lost most of its primary curvature (see below). The primary rib curvature of the Lagar Velho
1 ribs can, however, be qualitatively examined by comparing lines digitally drawn onto an
image of the left ribs. In terms of primary curvature of the ribs, what this method reveals is
that (as expected) there is a clear decrease in rib curvature as one moves caudally from the
third to sixth ribs. However, the left seventh rib appears to be slightly more curved than the
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left sixth rib. This would be unusual, but it should be noted that the left seventh rib is less
complete than the sixth, and postmortem distortion of this rib’s curvature remains a distinct
possibility.
Another feature difficult to quantify in the Lagar Velho 1 specimen is torsion along the
ribs’ long axes. Human ribs, especially those that decline heavily toward their distal ends,
evince torsion as a consequence of human thoracic shape, which is expanded in the upper
thoracic region, yet relatively transversely narrower in the lower thoracic region (Jellema et
al., 1993). While no measurement of such torsion is offered here, qualitative examination of
the costal remains indicates that many of the Lagar Velho 1 ribs show clear signs of torsion
along their long axes (see below). Indeed, the Lagar Velho 1 ribs are expected to evince this
characteristic — torsion will be present in all human ribs except in ribs 1, 2, 11 and 12 by the
end of the second or third year of life (Scheuer and Black, 2000).

Second Ribs
No portion of the right second rib was recovered. The left second rib is represented by
a small mid-proximal piece some 29.9 mm long (Table 27-1). As is characteristic of second
ribs, it is superoinferiorly flattened. It is also more internally to externally narrow at its proximal end, while broader towards its distal end. Given that even the most proximal portion of
the rib is superoinferiorly flattened, the piece likely preserves the very distal edge of the iliocostalis line (i.e., the attachment of the lateral-most fibers of M. iliocostalis thoracis) and
ca.17.7 mm of shaft distal to it. There is little relief evident on any of its preserved surfaces,
and the superior and inferior surfaces are particularly smooth. However, matrix remains
adhered to the bone in the area of the angle, and may obscure any rugosity present. Four
small pieces have been glued together at its proximal end, and there is a small (3.4 mm internal-external x 4.9 mm proximodistal) area of missing cortical bone on the proximal inferior
margin, ca.10.2 mm distal to the preserved proximal end. Also on its inferior surface is a Zshaped crack beginning approximately 10.0 mm from the preserved distal end, and running
to the rib’s distal posterior (external) margin.

Table 27-1
Measurements of Lagar Velho 1 left ribs 2-7.
Rib 2

Rib 4

Rib 5

Rib 6

Rib 7

Tubercle-Iliocostal Line Distance

–

–

–

–

–

(28.2)

Posterior Angle Chord

–

–

–

–

–

(50.3)

Max. Shaft Diameter at Angle

6.8

(6.6)

–

–

–

–

Min. Shaft Diameter at Angle

3.7

4.3

(4.5)

–

–

–

Articular Tubercle Height

–

–

–

–

–

4.0

Articular Tubercle Breadth

–

–

–

–

–

(5.5)

Midshaft Maximum Diameter

–

–

(7.7)

7.7

7.5

8.6
4.4

Midshaft Minimum Diameter

–

–

–

4.6

5.3

Neck Length

–

–

–

(15.2)

–

–

Neck S-I Diameter

–

4.8

4.7

(5.2)

–

6.4

–

3.3

4.0

(4.0)

–

(3.6)

Neck D-V Diameter
1

Proximal Shaft S-I Diameter

–

4.3

4.5

–

–

5.7

Proximal Shaft D-V Diameter1

–

5.0

5.2

–

–

4.5

1

Measured just distal to the articular tubercle.
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Third Ribs
No portion of the right third rib, if recovered, was recognized, due to the crushing of
the right half of the rib cage. The left third rib is represented by a proximal segment with
a preserved length of 62.2 mm that includes perhaps one-half its total length (Table 27-1;
Fig. 27-1). The rib is pieced together from three major segments, the distal-most part of
which is pieced together from even smaller pieces. There are therefore two major breaks in
the rib. The first, a nearly vertical, clean break, is located ca.30.2 mm from the proximal
end. The second, located some 21.7 mm distal to the first, runs in a superodistal to inferoproximal direction. On the rib’s proximal end, flaring for the head is evident, indicating
that most of the neck is preserved. The neck itself is narrow in its external-internal dimension and superoinferiorly tall (Table 27-1). Beyond the neck the rib preserves a portion of
the tubercle, the angle, and the shaft to approximately midshaft. One of the most prominent features of the rib is the broad attachment superiorly for the intercostal muscles, ca.
3.3 mm wide at its midpoint and ca.27.0 mm long, beginning in the region of the tubercle.
Distal to this point, the rib’s shaft becomes thinner and more bladelike in morphology.
Also, the superior margin of this distal, more “blade-like” section of shaft (beginning some
39.6 mm from the distal end) is convex, not flat like its more proximal portion. Only the
medial edge of the articular tubercle is preserved; beyond this an area of the rib’s inferior
margin some 10.5 mm long and 2.8 mm
wide is missing. This missing area includes
the location of the iliocostalis point, the
inferiorly projecting point at the angle corresponding to the inferior-most attachment
of the lateral-most fibers of the iliocostalis
muscle. In the region approximating the
iliocostalis line the rib’s cross-section goes
from being circular to ovoid/oblong. For
example, just distal to the presumed location of the tubercle, the rib measures 4.3
mm superoinferior x 5.0 mm internal-external, while at a point just distal to the angle,
the maximum shaft cross-sectional dimension is 6.9 mm while the minimum shaft
cross-sectional dimension is 3.3 mm. No
true costal groove is evident. It is important
to note that due to torsion along the rib’s
long axis, the maximum cross-sectional
dimension in the midshaft region is not
vertically oriented when the rib is laid flat
on the table. Rather, it is somewhat horizontally oriented, with its cross-sectional
long axis running inferoanteriorly to superoposteriorly, as would be expected for a
third rib. While difficult to assess due to its
incomplete state of preservation, there does FIG. 27-1 – Cranial views of Lagar Velho 1 left ribs (from top to
not appear to have been much declination bottom) 2, 3, 4 and 5. Vertebral ends are left, sternal ends
are right.
in this rib.
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Fourth Ribs
No right fourth rib was recognized, due to the crushing of the right ribs. The left fourth
rib is represented by a proximal portion some 82.5 mm long preserving perhaps 60% of the
rib’s length (Table 27-1; Fig. 27-1). The rib is missing its head, although it does preserve most
of the neck. Distal to the neck the rib preserves the tubercle, the angle, and a portion of the
shaft extending beyond midshaft. The neck is more circular in cross-section than that of rib 3.
It evinces a small, transverse ridge on its posterior/external margin corresponding to the
attachment of the costotransverse ligament (proper). The crest terminates at a point just
superior to the articular tubercle. Much of the articular tubercle is present, although the
articular portion is eroded along its distal aspect, with trabecular bone exposed. On the external face of the rib, just distal to the articular portion of the tubercle, on its nonarticular
aspect, is a small depression some 2.4 mm superoinferior x 3.4 mm proximodistal corresponding to the attachment of the lateral costotransverse ligament. The superior margin of
the rib is flat and internally to externally broad up to around midshaft, distal to which it
becomes more bladelike. The inferior margin of the rib is heavily damaged, especially in the
region of the angle. Where preserved it is quite sharp, with little evidence for a costal groove
(along the proximal shaft, there is a very slight external/inferior ridge). The rib’s superficial
and deep surfaces are smooth and therefore evince little relief, such that the iliocostalis line
is impossible to discern. This, coupled with the absence of the iliocostalis point, makes it
impossible to take reliable arc measurements. In terms of torsion along the rib’s long axis,
the orientation of the cross-sectional long axis of the distal portion of the rib is more vertical
than that of rib 3, and seemingly less vertical than that of rib 5. In terms of its primary curvature, the rib neck does not appear to evince a high degree of flexion toward the rib corpus,
a characteristically human trait. However, this apparent absence of posterior flexion may in
fact be due to postmortem distortion. There is very little evidence for declination in this rib;
in fact, the distal end of the rib appears to rise somewhat when the rib lies on a flat surface.
However, this phenomenon is almost certainly due to the missing inferior margin along its
distal end.

Fifth Ribs
The right fifth rib of Lagar Velho 1, while most likely present, cannot be recognized as
to number, due to the crushed state of the right half of the rib cage. However, most of the
left fifth rib is preserved, including a small, fragmentary portion of its head (Table 27-1; Fig.
27-1). The preserved length of the rib is 116.9 mm; it is missing approximately one-fifth of
its distal end. The neck is relatively superoinferiorly expanded, but adhered matrix along its
inferior margin makes this difficult to quantify. The external margin of the neck evinces a
proximodistal ridge corresponding to the attachment of the costotransverse ligament (proper). More distally, within the nonarticular portion of the tubercle, is a small furrow corresponding to the attachment of the lateral costotransverse ligament. It measures some 2.6
mm superoinferior x 4.6 mm proximodistal, and its center is located approximately 20.0
mm from the proximal end. The articular portion of the tubercle is not evident. However,
it likely underlies an area bisected by a superoinferior fissure and covered with adhered
matrix that could not be removed without risking further damage to the bone. The area in
the vicinity of the iliocostalis line is too damaged to allow measurements; it is comprised
of broken pieces of cortical bone held together by matrix, glue, and dowels. The rib thus
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evinces heavy damage in the vicinity of its angle, where the inferior and posterior surfaces
are heavily eroded, and the remaining bone in the region is fractured and somewhat disarticulated.
The contact between the shaft beyond the angle and the angle itself is very poor, and
it is represented by only a small, superior connection that is displaced such that the distal piece seems to “ride up” on the proximal piece, producing a “kink” at this join. The
angle’s heaviest damage is on its posterior aspect, although its inferior and superior margins are also damaged. For most of the rib’s length, its inferior margin is also damaged.
For example, beginning some 16.5 mm from the proximal end, for ca.29.0 mm the inferior margin is crushed into the diploë, and beyond this point, much of the inferior margin is missing. Only in a few places does the cortical bone of the inferior margin remain,
primarily near midshaft, where it evinces a marked costal groove measuring some 4.4
mm superoinferior proximally, reducing to ca.3.8 mm superoinferior more distally. Also
near midshaft the superior margin of the rib is flat, and evinces a broad area for intercostal muscle attachment. At its widest external-internal dimension it is 3.4 mm. Distal to
midshaft (some 85.4 mm from the preserved proximal end), the superior margin becomes
more smoothly rounded. The distal end of the rib has also suffered heavy damage — only
its external surface is preserved for the distal-most 23.5 mm of its length, and this piece
is held to the proximal portion via glue and a dowel. In terms of curvature, the posterior
angle of rib 5 is more open than that of rib 4. The rib has a high degree of torsion along
its long axis, such that distally, the rib’s anatomically superior margin is facing in a posterosuperior direction when the rib lies flat on a table. The rib also evinces the classic “S”
shape often noted in human ribs, where in lateral view, one notes a “dip” in the midshaft
region, such that midshaft is somewhat more caudal in position relative to points either
distal or proximal to it.

Sixth Ribs
The right sixth rib is likely present in the crushed right rib cage, but it cannot be
identified as to number. The left sixth rib is made up of a combination of pieces some
126.0 mm long representing the proximal seven-eighths or so of its length (Table 27-1;
Fig. 27-2). It also retains some of the T6 vertebral body along with concreted matrix on its
proximal end. It therefore remains difficult to determine where vertebra, matrix, and/or
the rib begin or end, and unfortunately, the removal of more matrix risks further damage
to the specimen. The rib has a deep posterior curvature. The external and internal tables
are separated from each other by a fissure along much of the rib’s length, with the inferior margin being particularly affected. Despite the damage to the inferior margin, there
is evidence for a slight costal groove measuring some 3.6 mm superoinferior, albeit only
along one small section of shaft some 27.5 mm long, just distal to midshaft. Distal to this
point, the groove appears to flatten out. The rib also remains relatively narrow in crosssection until midshaft, when its external/internal dimension increases, only to decrease
again toward the distal end. At midshaft it has the largest cross-section of any of the Lagar
Velho 1 ribs. At its proximal end the rib evinces a fissure along its superior margin such
that its superior margin is missing cortical bone along its external surface. In places
where the superior margin is preserved proximal to midshaft, it appears to have been relatively planar. The external table along the entire neck is also missing — the proximalmost portion of cortical bone of the rib’s external table is a depression within the tubercle
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some 3.3 mm superoinferior by 4.3 mm
proximodistal corresponding to the attachment site for the lateral costotransverse ligament. The articular portion of the tubercle
is missing. Beyond the tubercle, the external table of the rib is missing in several
locations along the rib’s length. The first,
located some 39.2 mm distal to the proximal end, is some 7.1 mm superoinferior x
5.0 mm proximodistal. The second is found
just proximal to midshaft, where the damage to the inferior margin is even more
extensive than that to the external margin.
More distally, beginning some 20.0 mm
from the distal end, the external table is
missing from an area 17.0 mm proximodistal x 7.5 mm superoinferior. The distal end
of the rib is represented by a small (14.0
mm proximodistal) piece glued along a
clean break. The distal end is quite thin in
its external to internal dimension, and the
superior margin at the distal end is roundFIG. 27-2 – Cranial views of Lagar Velho 1 left ribs 6 (top), 7
(middle) and 8 (bottom). Vertebral ends are left, sternal
ed. In general, the surfaces of the rib are
ends are right.
relatively smooth and featureless, aside
from “faux relief” due to adhesions of
matrix. It therefore remains difficult to discern the iliocostalis line. The rib does not
appear to evince much declination, nor does there appear to have been as much torsion
as in the fifth rib. This is both unusual and unexpected, and is likely due to postmortem
distortion.

Seventh Ribs
The right seventh rib of Lagar Velho 1 is almost certainly present in the mass of right
ribs that remain crushed together. It is, however, the caudal-most of the right ribs that cannot be identified as to number. The left seventh rib is represented by perhaps 60% of its
length, and has a preserved length of 93.0 mm (Table 27-1; Fig. 27-2). It preserves most of
its neck (including the flared-out region for the head), the angle, and the shaft distally to a
point somewhat beyond midshaft. The neck retains matrix on its deep surface, and gives way
distally to a broad depression corresponding to the articular surface of the tubercle. The cortical bone on the distal margin of the tubercle was so thin that it is now perforated. Distal to
the articular portion of the tubercle is a small depression corresponding to the attachment
of the lateral costotransverse ligament. The superior margin in the tubercle region evinces a
flattened area some 6.9 mm proximodistal by 1.5 mm superoinferior. Beyond the angle, the
superior margin of the rib is damaged until midshaft; however, in areas where it is preserved, it is smooth and convex. The inferior margin is also damaged along much of its
length — only two-thirds of the mid-distal shaft and the proximal-most portion of the shaft
preserve it in its entirety.
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Despite these damaged areas, what can be ascertained is that the neck and proximal
shaft are relatively round in cross-section, while more distally the shaft becomes more bladelike, very tall and narrow in cross-section, with only the slightest costal groove evident along
its distal course. In fact, the distal shaft is markedly planar on its inferior aspect, and, as
such, the costal groove is manifest as a flat area some 2.9 mm in its internal-external dimension, facing inferiorly, and deep to a subtle external/inferior ridge. The external/inferior
ridge appears to become more prominent as one moves proximally toward midshaft, but
damage to the bone precludes evaluating its proximal extent. As with the more cranial ribs,
the rib’s external and internal surfaces evince little relief, and as a result, the exact location
of the iliocostalis line is difficult to ascertain. This rib, like rib 6, has a deep posterior angle.
It also appears to have been characterized by a steeply declined shaft. The rib exhibits much
torsion, and the shaft evinces a superiorly convex cranial margin just proximal to midshaft,
suggestive of the “S” shape often found in human ribs.

Eighth Ribs
The proximal end of the right eighth rib is present and identifiable as to number in the
large compressed section of right ribs (Table 27-2). The portion of the rib identifiable as
belonging to rib 8 includes a heavily damaged partial neck, tubercle, and a small portion of
the body proximal to the angle, with a preserved length of 30.4 mm. Distal to this point, the
rib shaft disappears into the crushed rib mass. The determination of number for the right
eighth rib was assessed via its articulation with the vertebral column. Proximally, the neck
shows extensive damage, especially along its superior margin. Its inferior margin does, however, preserve the area where the neck flares out to form the head. None of the articular surface of the head is preserved. Posteriorly, the articular portion of the articular tubercle is preserved as a small ovoid depression. Distal to the tubercle, the superior margin of the rib
evinces an external shelf, or ridge, which runs proximodistally along the superoinferior midline of the posterior shaft. Just cranial to this ridge, slightly distal to the articular portion of
the tubercle, is a small depression. The shelf and depression correspond at least in part to
the attachment site for the lateral costotransverse ligament. Matrix remains adhered to the
cortical bone along the internal surface of the rib, especially at its preserved distal end. The
shaft of the rib is relatively circular in cross-section.

Table 27-2
Measurements of Lagar Velho 1 ribs 8-10.
Rt

Rib 8
Lt

Rib 9
Rt

Rib 10
Rt

Midshaft Maximum Diameter

–

(10.1)

–

–

Midshaft Minimum Diameter

–

(4.2)

–

–

Neck S-I Diameter

–

–

(5.7)

–

Neck D-V Diameter

(3.7)

–

(4.2)

–

Proximal Shaft S-I Diameter1

5.8

–

5.6

(4.7)

Proximal Shaft D-V Diameter1

4.9

–

5.4

(3.6)

Distal End Height

–

(8.9)

–

–

Distal End Breadth

–

5.2

–

–

1

Measured just distal to the articular tubercle.
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The left eighth rib is virtually complete — it preserves a slightly expanded sternal end,
and only the proximal-most portion of the rib is missing (Table 27-2; Fig. 27-2). Its preserved
length is 147.0 mm. However, the rib is distorted in the sense that it has been flattened to
such a degree that its posterior angle is much more open; i.e., the rib is relatively straight,
evincing little of its primary curvature. The inferior margin of the rib is damaged along most
of its length; it is missing for around 49.0 mm of its proximal-most length. Therefore evidence of the articular tubercle, including any features associated with it, no longer exists.
Also, as a result of this damage, it is impossible to discern neck from proximal shaft, and
damage to the external surface makes taking even internal-external measurements unwise.
In fact, the inferior margin is only preserved at midshaft and in the region just proximal to
midshaft. One feature in the region does stand out, however; like its counterpart on the
right, left rib 8 evinces a shelf along its midline just superodistal to the region of the articular tubercle. This shelf may at least in part represent the attachment site for the lateral costotransverse ligament. Here in the left eighth rib, only a suggestion of this shelf remains,
due to the erosion of the rib’s external table. The most heavily damaged portion of the rib is
ca.45.0 mm from its preserved proximal end, in the angle region, where the only preserved
section of the rib is a small portion of the external table — the inferior, superior, and internal faces of the rib are missing in this region. The left eighth rib appears to be externally to
internally narrower in cross-section than more cranial ribs, having a very tall (albeit hard to
measure, due to inferior margin damage), thin profile. A shallow (2.5 mm superoinferior)
costal groove is evident mid-distally. Its presence more proximally may be masked by the
extensive amount of matrix that remains adhered to the bone. All surfaces on this rib appear
relatively smooth and featureless. Due to distortion, it is not possible to evaluate declination
or torsion of this rib.

Ninth Ribs
The right ninth rib is represented by its proximal end that extends into the right ribs’
crushed mass, leaving only 26.2 mm of its proximal neck and shaft exposed (Table 27-2).
The region of the angle remains hidden within the compressed ribs, and even large areas of
the exposed portion of the rib retain matrix. The rib presents a very poorly preserved neck
evincing extensive damage, particularly along its superior margin. Externally, it also preserves a damaged ovoid area with a proximodistal long axis corresponding to the location of
the articular tubercle. Extending distally from the tubercle is a “shelf,” or ridge of bone running down the long axis midline of the rib along its external surface, likely representing, at
least in part, the attachment site for the lateral costotransverse ligament. However, this shelf
of bone is not as pronounced as that of rib 8. As with the right eighth rib, the cross-section
of the rib’s corpus (proximally) is relatively circular.
The left ninth rib remains in situ within a block of matrix, because it was feared that
removing it would cause too much damage to the bone. It is represented by four separate
sections, with a combined length (including intervening matrix) of 108.4 mm. Its largest
piece, some 45.3 mm long, is the most proximal, and it is the only piece of the rib to preserve portions of its superior and anterior margins (its posterior surface remains hidden
within the block). At its proximal end is found an amalgam of rib, vertebra, and matrix.
The piece evinces a superoinferior break some 28.5 mm from its proximal end. Distal to
this break, the superior margin of the rib is missing. The piece’s internal surface is preserved, and although it remains covered with some adhesions of matrix, enough of the
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surface is present to indicate that it, too, was smooth and relatively featureless. Located
10.7 mm from the distal end of the proximal piece is the second, smaller, more distal
piece of left rib 9. It is separated from the proximal piece by a section of matrix lacking
bone. This second, rectangular piece is 21.3 mm in length, 6.2 mm high (superoinferior),
and preserves the external table of bone, on which only the endosteal surface is visible.
Distal to this piece, there is an actual break in the matrix, with a fault within the block
lying between the more proximal and more distal pieces. This small piece, also rectangular, is only 12.9 mm long (proximodistal) and 6.5 mm high (superoinferior). It is represented solely by the endosteal surface of the rib’s external table. The piece is bisected by
a superoinferior break. The distal-most piece of the rib emerges from the matrix some
10.3 mm from the distal end of the third piece, and some 102.0 mm from the preserved
proximal end. It, too, preserves only the external table. As with the third piece, the fourth,
distal-most piece is bisected by a superoinferior break. It is 9.8 mm in length (proximodistally).

Tenth Ribs
The right tenth rib is the most amorphous of the identifiable right ribs — it is little
more than a rectangular piece of bone protruding from the right rib mass (Table 27-2). Its
inferior surface is planar, and its superior surface is only slightly convex, giving it an almost
rectangular cross-section. Its cross-sectional measurements are 4.7 mm superoinferior x 3.6
mm external-internal at its proximal end, and 5.3 mm superoinferior x 3.4 internal-external
at its exposed distal end. The rib is bisected by a break running inferodistally to superoproximally. There is a glued fresh break at its base (the junction with the crushed rib mass).
The posterior/external margin of the rib evinces damage (eroded cortical bone) near its junction with the compressed ribs. There are no discernable landmarks on the exposed portion
of this rib. Also, less of this rib is visible than is the case in the other exposed right ribs; only
20.0 mm of shaft is exposed. It appears that rib 10 preserves a more distal section of the
bone than the more cranial right ribs, and that the preserved piece begins at a point somewhat distal to the tubercle.
The left tenth rib, like the left ninth rib, is represented by four sections that remain
embedded in matrix. The most proximal piece is 37.2 mm long, and preserves a rounded
superior margin. It retains its internal face for 28.7 mm. Distal to this point, the internal
table is missing, leaving only the endosteal surface of the external table exposed. The second preserved piece begins ca.43.0 mm from the rib’s preserved proximal end, and it is
represented by the endosteal surface of the rib’s posterior face. The piece is 29.7 mm long
and ca.6.3 mm in its superoinferior dimension. It is bisected by a superoinferior crack.
The third piece is a small piece that begins after the same fault within the matrix mentioned in the rib 9 description. This piece is only 12.0 mm long and 6.7 mm superoinferior, but it does preserve the cortical bone of the rib’s internal face. The fourth, most distal piece is 23.3 mm long, and it begins some 84.3 mm from the rib’s proximal end. Its
distal-most point is some 103.3 mm from the proximal end. At its midpoint, the piece is
4.4 mm superoinferiorly. This piece also preserves the internal surface’s cortical bone.
While examination using the naked eye suggests that the piece tapers to a point distally,
under microscopic examination there is no evidence that this piece preserves the distal
end of the rib; rather, the distal end of the rib was more distal to the fourth piece but was
not recovered.
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Eleventh Ribs
The right eleventh rib is the most complete of the right ribs (Table 27-3). It preserves
some of its head, and, if a second piece that appears to belong to the rib is in fact a portion of it, then the rib preserves most of its shaft to perhaps within a centimeter of its distal end. Most of the rib is preserved at its proximal end, with 32.0 mm emerging from the
compressed rib mass. Beyond this piece, there is an extremely small (10.3 mm proximodistal x 5.6 mm superoinferior) piece of eroded shaft that appears to be a continuation
of rib 11; it begins ca.12.2 mm distally from the end of the proximal piece. As it is an
eleventh rib, there is no neck, nor angle in this rib, only a slight superior “kink” or dip
just distal to the region corresponding anatomically to the rib’s neck (i.e., the proximalmost portion of the rib corpus). The “neck” flares out to form the head, which is ovoid in
cross-section, and retains much of its articular surface. It does, however, evince missing
cortical bone along its superior one-third, and inferiorly, along the inferior one-half of its
posterior margin. The maximum breadth of the head is superior to the transverse midline
of the rib; i.e., the articular surface of the head is somewhat asymmetrical, with a larger
inferior than superior articular area. The inferior margin of the shaft is sharp. The internal face of the rib is smooth, without a hint of a costal groove. The proximal external surface evinces a series of ovoid depressions (with proximodistal long axes) along its posteroinferior margin, corresponding proximally to the insertions of longissimus thoracis and
iliocostalis lumborum, and distally to the insertion of serratus posterior inferior. The rib is
gently concave in both a transverse plane (i.e., anteriorly concave) and a sagittal plane (i.e.,
superiorly convex).

Table 27-3
Measurements of Lagar Velho 1 eleventh ribs.
Rib 11

Neck S-I Diameter
Neck D-V Diameter
Proximal (Head) Height

Rt

Lt

5.1

–

3.5

–

(7.0)

–

Proximal (Head) Breadth

5.0

–

Proximal Shaft S-I Diameter1

4.8

4.7

Proximal Shaft D-V Diameter1

3.2

–

1

Measured just distal to the articular tubercle.

The left eleventh rib is preserved in three small sections, the combined length of
which (including intervening matrix) is 58.9 mm (Table 27-3). The most proximal piece is
a small, square piece, which remains attached to the largest vertebral column piece, just
inferior to the left pedicle of T11. This portion of the rib measures only 3.3 mm proximodistally, and 4.5 mm superoinferiorly, and it articulates via a recent break with the proximal-most piece of rib 11 on the left rib bloc. The proximal-most piece on the three-rib (9,
10, 11) piece measures 9.9 mm proximodistally by 4.7 mm superoinferiorly. It is a small,
flat (internal-external) rectangular piece with its internal face visible. There is a large gap
(34.8 mm) between this piece and the most distal piece. The most distal piece is also a
small (11.5 mm proximodistal x 5.8 mm superoinferior) rectangular piece that preserves the
rib’s anterior face. Given its location in the matrix, it likely comes from a point just distal
to the rib’s midshaft.
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Absence of the Twelfth Ribs
The regions immediately lateral to the twelfth thoracic vertebra of Lagar Velho 1, both
on the right and left sides of the vertebral column, were carefully excavated, and no sign of
a twelfth rib was found. The state of preservation of the proximal ends of the caudal-most
right ribs exceeds that of the left, with necks and proximal shafts (and even the head of rib
11) found in close association with their corresponding thoracic vertebrae (T8-T11). Yet
despite this excellent state of preservation, no evidence for the presence of a right twelfth rib
was recovered. Likewise, on the left side, the three caudal-most ribs remain embedded in
matrix, yet inferior to them there was no trace of bone that could be attributed to a left
twelfth rib. Had Lagar Velho 1 possessed a pair of twelfth ribs, they should have begun ossification during the fetal period, likely prior to the ossification of their associated thoracic vertebrae, perhaps even as early as the eleventh or twelfth week in utero (Scheuer and Black,
2000). Thus, since there is no evidence for twelfth ribs, it is reasonable to assume that they
were not present in the specimen. This condition is considered to be rare among recent
humans (Steele and Bramblett, 1988), but not so rare as to be clinically unimportant — clinicians may encounter such patients on occasion (Hollinshead and Rosse, 1985).
It is intriguing that Lagar Velho 1 seems to have a cranial shift in vertebral-costal anatomy, such that there are no twelfth ribs, since the frequency of this morphological pattern
tends to vary among recent human groups. Specifically, Ogilvie et al. (1998) noted that while
recent east African populations present a higher number of individuals who show similar
cranial shifts, the opposite pattern, a caudal shift, where lumbar ribs are present, seems to
be more common among Neandertals as well as Native American populations. They suggest
that this pattern may be correlated with ecogeographical rules related to the alteration of the
body’s surface area:volume ratio. These rules, discussed in detail elsewhere (Trinkaus, 1981;
Ruff, 1994; Holliday, 1997a, 1997b; see Chapter 25) are based on the empirical observation
that homeothermic animals show an increase in body mass and a decrease in relative
appendage length with increasing latitude and/or decreasing temperature. Therefore, in
colder climates (such as those experienced by the Neandertals and the ancestors of Native
Americans) there is likely selection to maximize the size of the trunk, thereby decreasing the
body’s relative surface area. Conversely, in warmer climates, there may be selection to
reduce the size of the trunk in order to increase the body’s relative surface area. Whether
lacking twelfth ribs truly decreases the overall size of the trunk is uncertain. Yet even if this
explanation for the pattern is not correct, it is interesting that at least for this feature, the
Lagar Velho 1 individual evinces a pattern associated with recent sub-Saharan Africans, and
not with Neandertals or recent cold-adapted groups. In a Late Pleistocene European context,
this may align it more closely to the relatively linear early modern human samples than to
the Neandertals, although no cases of twelfth rib agenesis have been documented in
European early modern human remains.

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

426

chapter 28

| The Pelvic Morphology
0

❚ JAROSLAV BRUŽEK ❚ ERIK TRINKAUS ❚

The pelvic remains of Lagar Velho 1 consist of five elements of the two hipbones prior
to their fusion through the acetabulum, plus major portions of the sacrum (Figs. 28-1 and
28-2). All are damaged to some degree. The sacrum is described in Chapter 26, and the
right and left ilia, both ischia and right pubic bone are discussed here. The pelvis in situ
gave the impression of being more complete, but it was full of small fissures in the cortical surface bone and the internal trabecular bone. Moreover, the position of the skeleton
only a few centimeters below the land surface for four years (between the time of the earth
removal and the excavation) (Chapters 2 and 11) led to innumerable fine rootlets penetrating the pelvic bones. The slightest tension on these rootlets led to further fragmentation of
the bones (especially the ilia), resulting in the current incomplete state of the pelvic
remains.
The degree of formation and the lack of fusion of the three elements of each os coxae
are in agreement with its probable age in the fifth year postnatal (Chapter 15). The sex of
the individual is considered as indeterminate, since “despite a wealth of literature concerning sex differences in the fetal and juvenile pelvis, it is still generally held that while
dimorphism may exist from an early age, it does not reach a sufficiently high level to permit reliable discrimination of sex until after the extensive skeletal modifications of puberty have arisen” (Scheuer and Black, 2000, p.342-343).

FIG. 28-1

– Internal views of the Lagar Velho 1 right and left ilia. Scale in centimeters.
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FIG. 28-2

– External (left) and internal (right) views of the Lagar Velho 1 right pubis and ischium. Scale in centimeters.

Comparative Framework
The comparisons with other fossil pelvic remains are limited to those with specimens
whose ages-at-death were approximately that of Lagar Velho 1, that is between approximately 2 and 6 years postnatal. There are few Neandertal specimens of this developmental
age with pelvic remains. They consist of Roc de Marsal 1 (Madre-Dupouy, 1992), whose
pelvic bones are insufficiently preserved to permit accurate measurement (Majó, 2000),
the remains of Dederiyeh 1 and 2 (Akazawa et al., 1995, 1999), which were not yet adequately published for comparison, and those of La Ferrassie 8 (ca.2 years old) and La
Ferrassie 6 (3-5 years old) (Heim, 1982b).
Pelvic remains of early modern human immature specimens are also rare, and in
some cases the pelves have been lost without proper study [e.g., the ilium of the 4 year old
Předmostí 8 (Matiegka, 1938)]. The pelvic remains of the two children (ages ca.2 years and
3-5 years) from Fanciulli (Grotte-des-Enfants) (Henry-Gambier, 2001) are quite complete
but they derive from the late Upper Paleolithic levels at the site (Mussi, 1996; HenryGambier, 2001). Immature pelvic remains are available from the Qafzeh-Skhul Near
Eastern Middle Paleolithic early modern human sample, principally from Skhul 1 and
Qafzeh 10 and 21 (McCown and Keith, 1939; Tillier, 1999), and data are available for the
last two specimens.
To complete the comparative framework for the study of the Lagar Velho 1 pelvis, data
from modern European children of known age and sex (Tillier, 1999; Majó, 2000) and
those from a central European archeological collection (Florkowski and Kozlowski, 1994)
are employed. In addition, a single recent individual (No. 357) with a complete pelvis and a
dental calcification age similar to Lagar Velho 1 from the 15th to 18th cemetery at CognacSaint Martin (Charente, France) (Hervouet-Mawer, 1992) has been used for visual comparisons.
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Preservation and Descriptive Pelvic Morphology
The Right Ilium (Figs. 28-1 and 28-3)
The primary piece of the right ilium retains a portion of the iliac crest for 38 mm dorsally from the anterior superior iliac spine. In superior view, the crest exhibits a very strong
sinusoid curve with a distinct angulation at the location of the future iliac tubercle. The morphology of the iliac blade results from a skeletal remodelling associated with the transfer of
body mass through the pelvis and the associated pull of the gluteal abductor muscles, and it
normally starts its formation after two years of age (Scheuer and Black, 2000), during which
time children are normally acquiring full bipedal posture and locomotion (Scoles, 1988; Le
Métayer, 1992). The presence of this configuration is rare among young recent human children; Majó (2000) observed it in only 2.9% (N = 70) of pre-adolescent specimens and then
among most children older than 12 years. However, Tillier (1999) found a marked sinusoidal
curve to the iliac crest with two locations of mediolateral thickening in the ilia of both Qafzeh
21 and Qafzeh 10. The La Ferrassie 6 iliac crest is too incomplete to assess its curvature.
The anterior margin of the Lagar Velho 1 right ilium is damaged, and the preserved portion measures only 12 mm long. At the opposite end, the posterior border is lacking. On the
internal surface of the ilium, there is a well-preserved iliac fossa that is very deep, especially in
its posterior portion near the sacroiliac (auricular) surface. In this area, alongside the auricular
surface, there is a vertical ridge or
crest. However, the auricular surface
is badly damaged, and only a section
24 mm long and 7 mm wide remains.
A clear separation between the iliac
fossa and the auricular surface, due to
the hypertrophy of the sacroiliac ligaments, has also been described by
Tillier (1999) for the Qafzeh 10 ilium.
The greater sciatic notch is lacking, as
is the acetabular subchondral surface.
The dorsal (or gluteal) surface is
very damaged, and there is only a
section of surface bone 37 by 15 mm
preserved. The thickness of the Lagar
Velho 1 ilium varies between 8 and 9
mm; this contrasts with a value of 6
mm for the comparative specimen
from Cognac-Saint Martin.
The other fragment of the right
ilium, which preserves the posterior
cornua of the auricular surface, is
massive. Its dimensions (17.2 x 15.3
mm) suggest a marked hypertrophy
not habitually seen in recent children
FIG. 28-3 –Comparison of the internal (pelvic) surfaces of the right ilium
of the same age. Its hypertrophy is of
Lagar Velho 1 with the right ilium of a recent child of a similar
linked to the general hypertrophy of developmental age. Above: Cognac Saint-Martin 357; below: Lagar
Velho 1.
the sacroiliac articulation.
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The Left Ilium (Figs. 28-1 and 28-4)
The left ilium is better preserved
than the right one, even though only the
ventral (internal) surface is intact. On its
anterior border, the anterior superior
iliac spine is lacking, but the anterior
inferior iliac spine is present. The iliac
crest is largely absent with only a section
8 mm long present, about one-third of
the length of the bone from its anterior
margin. The thickness of the preserved
crest is moderately elevated (6.7 mm),
compared to a thickness of 6.4 mm for
the developmentally older Qafzeh 10
ilium (Tillier, 1999). The posterior margin is damaged, and the posterior superior and inferior iliac spines are not preserved.
Only a narrow band 2 mm wide
remains of the auricular surface. It is sufficient to note that the internal iliac fossa
was well marked. The arcuate line is present, as is normal for children from a
young age (Majó, 2000). The greater sci- FIG. 28-4 – Comparison of the internal (pelvic) surfaces of the left
atic notch is present, although its superi- ilium of Lagar Velho 1 with the left ilium of a recent child of a
similar developmental age. Above: Lagar Velho; below: Cognac
or and acetabular ends are damaged. Its Saint-Martin 357.
state of preservation does not permit measurement, but its form is clear and its perimeter is distinct. About half of the acetabular subchondral bone is present, but it has been eroded.
A small fragment of the external iliac surface with 6.5 mm of the iliac crest is preserved,
but it cannot be positioned relative to the larger piece of the left ilium.

The Right Ischium (Fig. 28-2)
Overall the right ischium of Lagar Velho 1 is well preserved, with only the dorsal surface
being eroded. The surface of the ischial tuberosity is slightly eroded, but its damage does not
affect observations.
The acetabular portion is massive, and one can infer that the acetabulum had a large
diameter. The sub-acetabular sulcus is large and clearly delineated, as it is on the Qafzeh
10 and 21 ischia, as well as on the La Ferrassie 6 ischium (Heim, 1982b; Tillier, 1999).
Among recent children up to 6 years old, the sub-acetabular sulcus is weakly formed and
absent in three-quarters of the specimens (Majó, 2000).

The Left Ischium
The left ischium of Lagar Velho 1 is seriously damaged, consisting of four fragments
put together in anatomical position. In dorsal view, the body of the ischium is very large
despite the eroded surface bone, and this impression is accentuated by the postmortem
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deformation. The cranial extension of the ischial body consists of the acetabular subchondral bone; its surface was modified but the damage does not appear to have affected its
dimensions. The ischial tuberosity is moderately rotated laterally compared to recent human
children, a pattern seen generally in Late Pleistocene adult ischia (Matiegka, 1938; Trinkaus,
1996).The sub-acetabular sulcus is larger and shallower than the right one, as a result of the
postmortem deformation.

The Right Pubic Bone (Figs. 28-2 and 28-5)
The right pubic bone of Lagar
Velho 1 is relatively short (mediolaterally) and robust with little damage
to its superior ramus; the ischiopubic ramus portion is lacking. The
acetabular margin is partially absent.
The symphysis is well preserved
superiorly, and this permits measurements of its superior ramus
length. The obturator sulcus is wide
and has little depth. It is difficult to
compare the shape of this sulcus
with those of other Late Pleistocene
and recent immature pelves, given
the subjectivity of most categories
for its description. In any case, the
pubic bone of Lagar Velho 1 is rela- FIG. 28-5 – Caudal views of the right pubic bones of Lagar Velho 1 (above)
tively short compared to those of and Cognac-St. Martin 357 (below).
both Late Pleistocene and recent
children of similar age, especially with respect to the dimension of the similarly aged La
Ferrassie 6 Neandertal (Tompkins and Trinkaus, 1987; Majó, 1995) (see below).

Pelvic Metric Comparisons
The state of preservation of the Lagar Velho 1 pelvic remains limits the number of standard osteometrics that can be taken (Table 28-1). Metric comparisons of the pelvic data of
Lagar Velho 1 are also limited by the available data from both fossil and recent immature
pelvic remains. The fossil, as well as recent human archeological material, is constrained by
the lack of absolute ages-at-death (Nelson and Thompson, 1999). Moreover, the metrics
used are frequently non-standardized which leads to an incompatibility of results across
studies (e.g., Weaver, 1980). In addition to the analysis of Florkowski and Kozlowski (1994),
which used four overall pelvic element dimensions on a sample of over 200 immature specimens, there are a number of studies (e.g., Merchant and Ubelaker, 1977; Sundick, 1979;
Hoppa, 1992; Saunders et al., 1993; Humphrey, 1998) which provide only the breadth of the
ilium, a value which is not preserved on the Lagar Velho 1 specimen. There are other studies which provide some relevant data (e.g., Bru0 žek and Šoustal, 1984; Miles and Bulman,
1995; Majó, 2000), but the data are not always in a useable format.
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Table 28-1
Osteometrics of the Lagar Velho 1 pelvic bones, in millimeters. Measurement
definitions from Fazekas and Kosa (1980), Schutkowski (1990), Majó (1992, 2000),
Duday et al. (1995) and Tillier (2000). Estimates in parentheses.
Right

Left

(64-67)
(30-35)
(23.0)
45.9
–
–

–
–
–
–
29.2
31.2

Maximum height of the ischium
Sagittal diameter of the ischium
Maximum transverse diameter of the ischial tuberosity

40.4
26.8
9.2

–
–
–

Maximum length of the pubis
Height of the acetabular end of the pubis
Minimum height of the superior pubic ramus
Ventrolateral diameter of the superior pubic ramus

(30.0)
(15.5)
(9.0)
7.2

–
–
–
–

Ilium

ILM-01
ILM-07
ILM-08
ILM-15
ILM-17
ILM-18

Maximum height of the ilium
Anteroposterior diameter across the acetabulum
Internal-external diameter at the acetabulum
Distance from the anterior superior iliac spine to the superior auricular surface
Distance from the ant. inf. iliac spine to the maximum depth of the greater sciatic notch
Distance from the anterior inferior iliac spine to the superior auricular surface

Ischium

ISC-01
ISC-03
ISC-05
Pubis

PUB-01
PUB-02
PUB-04
PUB-05

Table 28-2 provides a comparison of the Lagar Velho 1 pelvic dimensions to those of the
two La Ferrassie Neandertal children and the two Qafzeh early modern human children, as
well as values from a couple of recent human series. With the exception of the values for the
very young La Ferrassie 8 specimen, Lagar Velho 1 falls well within the ranges of variation
of the other fossils and the reference samples.

Table 28-2
Comparative metrics for immature pelvic remains (in millimeters).

Age (yrs)

Lagar
Velho 1

La Ferr. 8

La Ferr. 6

Qafzeh 21

Qafzeh 10

Recent 1

Recent 2

Recent 2

4.5 - 5.0

ca.2

3-5

ca.3

ca.6

3-6

2-4

4-6

(64-67)
(30-35)
(23.0)
45.9
29.2
31.2

46.7
20.4
16.6
20.8
21.2
22.1

–
–
22.7
–
30.5
28.6

56.6
28.3
20.6
41.9
31.5
29.7

70.3
37.9
–
47.3
40.9
37.1

61.9 ± 5.1 (9)
28.9 ± 3.1 (8)
23.8 ± 2.8 (9)
44.7 ± 3.6 (8)
30.8 ± 2.8 (7)
33.1 ± 4.0 (6)

62.5 ± 4.3 (53)
–
–
–
–
–

73.1 ± 2.9 (39)
–
–
–
–
–

40.4
26.8
9.2

–
–
–

–
–
12.1

39.5
36.4
11.5

46.9
33.0
12.6

41.4 ± 3.6 (6)
28.3 ± 3.5 (6)
10.3 ± 1.6 (7)

39.2 ± 2.0 (30) 45.6 ± 2.5 (32)
–
–
–
–

(30.0)
(15.5)
(9.0)
7.2

–
–
5.5
4.5

36.7
–
8.7
6.6

32.2
15.5
8.9
7.1

40.0
19.0
10.6
9.0

32.0 ± 3.2 (7)
16.1 ± 2.1 (5)
8.0 ± 0.9 (7)
8.2 ± 0.7 (7)

33.9 ± 2.5 (20)
–
–
–

Ilium

ILM-01
ILM-07
ILM-08
ILM-15
ILM-17
ILM-18
Ischium

ISC-01
ISC-03
ISC-05
Pubis

PUB-01
PUB-02
PUB-04
PUB-05

38.2 ± 2.5 (19)
–
–
–

For measurement definitions, see Table 28-1. La Ferrassie, Qafzeh and Recent 1 (European) data from Tillier (1999);
Recent 2 (European) data from Florkowski and Kozlowski (1994). Mean ± standard deviation (N) provided for the recent
human samples.
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The comparisons of the pelvic element dimensions have been done using z-scores
[(fossil value — reference sample mean) / S.D.]. Comparisons with a small sample of
recent immature pelvic remains between the ages of 3 and 6 years (Tillier, 1999) (Table
28-3) shows that the Lagar Velho 1 values differ little from the recent human sample. If
one agrees that the scatter of the z-scores provides, after a fashion, a measure of the overall proportions of the pelvic remains relative to those of the reference sample, the maximum difference between the z-scores of Lagar Velho 1 (1.16 and -0.69) of 1.85 standard
deviations is little divergent from the recent human sample. In contrast, the value for
Qafzeh 21 is greater (3.50s), and the Qafzeh 10 value is between these two (2.23s). The two
Neandertal children provide values similar to those of the Qafzeh individuals, with La
Ferrassie 6 providing a value of 2.61s and La Ferrassie 8 furnishing a maximum difference of 3.90s; the latter value, however, may be affected by the relatively younger age of
that individual.

Table 28-3
Z-scores for the immature fossil pelvic remains relative to the “Recent 1” (European)
data from Tillier (1999).
Age (yrs)

Lagar Velho 1

La Ferrassie 8

La Ferrassie 6

Qafzeh 21

Qafzeh 10

4.5 - 5.0

ca.2

3-5

ca.3

ca.6

0.71
1.16
-0.29
0.33
-0.57
-0.48

-2.98
-2.74
-2.57
-6.64
-3.43
-2.75

–
–
-0.39
–
-0.11
-1.13

-1.04
-1.19
-1.14
-0.78
0.25
-0.85

1.65
2.9
–
0.72
3.61
1.00

-0.28
-0.43
-0.69

–
–
–

–
–
1.13

-0.53
2.31
0.75

1.53
1.34
1.44

-0.63
-0.29
1.11

–
–
-2.78

1.47
–
0.78

0.06
-0.29
1.00

2.50
1.38
2.89

Ilium
ILM-01
ILM-07
ILM-08
ILM-15
ILM-17
ILM-18
Ischium
ISC-01
ISC-03
ISC-05
Pubis
PUB-01
PUB-02
PUB-04

Comparisons of the overall proportions of the ilium, ischium and pubis to the larger
sample of Florkowski and Kozlowski (1994) show that the pelvic proportions of Lagar Velho
1 are closer to those of the recent children between the ages of 2 and 4 years than to those
of recent children between the ages of 4 and 6 years (Table 28-4). In particular, its pubic
length is relatively short if nonetheless within two standard deviations of the recent human
2 to 4 year old sample; in contrast all three of its overall pelvic dimensions and especially its
pubic length are below two standard deviations of the 4 to 6 year old sample. Therefore, the
Lagar Velho 1 pelvis is relatively small compared to similarly aged individuals from this
recent human reference sample, and this applies in particular to its pubic length. It is likely that this is but one reflection of its apparently overall small size relative to recent human
children of similar developmental age (Chapter 25).
The two Neandertal immature pelves appear moderately small compared to similarly
aged individuals in the recent human sample, especially the younger La Ferrassie 8 ilium.
However, the La Ferrassie 6 pubis is intermediate between what would be expected for the
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younger 2 to 4 year old recent humans and the older 4 to 6 year old recent humans. The two
Qafzeh specimens are generally similar to similarly aged recent humans.
An index of pubic to iliac proportions can be computed for Lagar Velho 1 and three of
the other fossil specimens using pubic length (PUB-01) and the distance from the anterior
inferior iliac spine to the superior auricular surface. The resultant index is 96.2 for Lagar
Velho 1. Qafzeh 21 and 10 provide indices of 108.4 and 107.8 respectively, whereas La
Ferrassie 6 provides a much higher one of 128.3. The ratio of the recent human 3 to 6 year
old means is 96.7. In addition, an index of pubic length to femoral maximum intermetaphyseal length is ca.15.1 for Lagar Velho 1, ca.16.6 for Qafzeh 10 and 22.1 for La Ferrassie 6.
Therefore, the relative elongation of the pubis in La Ferrassie 6 previously noted (Tompkins
and Trinkaus, 1987) is supported by these data, and Lagar Velho 1 has an absolute and a relative pubic length which is most similar to those of early and recent immature modern
humans. Given the mediolaterally relatively long pubic bones of Neandertals (Trinkaus,
1984b; Rosenberg, 1988) and earlier archaic Homo (Rosenberg et al., 1999; Arsuaga et al.,
1999) and the relatively shorter ones of early modern humans (especially Gravettian early
modern humans) (Trinkaus, 1984; Hublin et al., 1998; Sládek et al., 2000), these comparisons of immature Late Pleistocene pubic proportions both indicate the moderately early
appearance of these proportions during development and the affinities of Lagar Velho 1 to
the early modern humans in this feature.

Table 28-4
Z-scores for the immature fossil pelvic remains relative to the “Recent 2” (European)
data from Florkowski and Kozlowski (1994) for ages 2-4 years / for ages 4-6 years.
Lagar Velho 1

La Ferrassie 8

La Ferrassie 6

Qafzeh 21

Qafzeh 10

0.70 / -2.62

-3.67 / -9.10

–

-1.37 / -5.69

1.91 / -0.97

0.60 / -2.08

–

–

0.15 / -2.44

3.85 / 0.52

-1.56 / -3.28

–

1.12 / -0.60

-0.68 / -2.40

2.44 / 0.72

Age (yr

Ilium
ILM-01
Ischium
ISC-01
Pubis
PUB-01

Summary
The pelvis of Lagar Velho 1, despite its state of preservation, presents several features
seen in other immature fossil pelves. These consist of a general robusticity and marked
surface relief of the bones, most likely related to an elevated activity level of the individual.
The overall dimensions of the pelvis are relatively small compared to recent Europeans of
a similar developmental age, which could indicate either a generally small individual compared to the reference samples or a general relative delay in development. Given the dearth
of pathological indicators for chronic developmental stress (Chapter 31), the former seems
more likely (Chapter 25).
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The lower limb remains of Lagar Velho 1 are exceptionally complete for a Late
Pleistocene juvenile human, since almost every bone that should have been ossified by the
fifth year of life postnatal is preserved on at least one side and many of them are virtually
intact. The bones which are best preserved are the right femur, the left tibia and fibula, and
the right foot bones. The other long bones suffered some crushing and loss of small fragments, and the left foot was disturbed in situ such that only a subset of the elements was
recovered. The portions that permit assessment of bilateral asymmetry show a high degree
of symmetry, indicating that the preserved side (when only one side is available for a morphological characteristic) should be representative.
Late Pleistocene juvenile lower limb comparative data are scattered and few, and they
consist in large part of those from a few Neandertal specimens (Cova Negra 3, Dederiyeh 1
and 2, La Ferrassie 6, Roc de Marsal 1 and Teshik-Tash 1) and three Qafzeh-Skhul specimens (Qafzeh 10 and Skhul 1 and 8) (Sinel’nikov and Gremyatskij, 1949; Heim, 1982b;
Madre-Dupouy, 1992; McCown and Keith, 1939; Tillier, 1999; Arsuaga et al., 2001a; Kondo
and Dodo, 2002; Kondo and Ishida, 2002; Trinkaus, pers. observ.). Data for European early
Upper Paleolithic juvenile lower limb bones are limited to the Mladeč 102 partial femoral
diaphysis, and some data are available for the early adolescent Sunghir 2 remains
(Kozlovskaya and Mednikova, 2000) and the east Asian early modern human juvenile
Yamashita-cho 1 (Suzuki, 1983; Trinkaus and Ruff, 1996).

Cross-Sectional Geometric Measurements
In addition to qualitative morphological description and linear morphometrics, it is
appropriate to analyze long bone diaphyses in terms of their cross-sectional geometry. Such
evaluations provide not only a more comprehensive characterization of diaphyseal proportions, but also measurements that are biomechanically relevant (Ruff, 2000a). For this reason, the long bone diaphyses of Lagar Velho 1 have been analysed in terms of their cross-sectional geometric properties at several locations.
The cross-sectional geometric properties of all long bone diaphyses of Lagar Velho 1 were
determined through computed tomographic (CT) scanning, combined with image analysis software. A Picker PQ 5000 scanner, housed in the Serviço de Radiologia, Hospital de Curry Cabral
in Lisbon, was used for these scans. A scan field size of 24 cm and a bone reconstruction algorithm were employed, yielding a true resolution of 0.3 mm. Initial trial scans were carried out
on a series of cylindrical phantoms of known dimensions made of bone-equivalent epoxy resin
(Ruff and Leo, 1986), as well as adjacent to two natural transverse sections (proximal femur and
mid-ulna) of the Lagar Velho 1 specimen itself. These were used to determine optimal image display settings for the specimen, which were: window center = 300H, window width = 600H.
These settings are actually fairly low compared to fresh (autopsy) bone (Ruff and Leo, 1986), and
they are about equivalent to those for recent archeological material (Ruff, pers. observ.).
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All Lagar Velho 1 long bones were then set up in standardized (“anatomical”) orientations (Ruff, 2000c), using cut foam pieces to stabilize them, and scanned transversely from
the distal to the proximal ends at 1 mm intervals. “Biomechanical” lengths were determined
as described in detail elsewhere (Ruff, 2000c) — these are basically interarticular lengths,
except for the femur, where the proximal landmark is the superior surface of the femoral
neck (also see Ruff and Hayes, 1983). Cross-sectional images were identified at 20%, 35%,
50%, 65%, and 80% of biomechanical length (plus 40% of biomechanical length in the
humerus) and used for the present analyses. Hard copies of the images were scanned on a
flatbed scanner with a transparency adapter, and imported into NIH Image version 1.62.
A custom-modified macro (“Momentmacro”) was used to calculate cross-sectional properties from these images, including areas and second moments of area (see Table 29-4 for a
full list of properties).
Percent cortical area (%CA) was calculated as ((cortical area / total periosteal area) x 100).
Section moduli, which measure bending and torsional strength, were calculated as second
moments of area divided by maximum perpendicular distance from the relevant neutral
axis to the outermost edge of the section (Ruff, 2000c). For comparative analyses, section
moduli were re-calculated as second moments of area divided by half the relevant diameter; this was done because comparative data, which were derived from several sources (see
below), did not include the maximum perpendicular distances. The latter distances averaged about 4% greater than the half diameters in comparisons between Lagar Velho 1 sections where both were measured (thus, section moduli averaged about 4% greater using
the half diameters). Section moduli were calculated in anteroposterior and mediolateral
planes, and for the polar second moment of area (J) (using the average of anteroposterior
and mediolateral half diameters); this last parameter measures torsional strength or twice
the average bending strength in all planes. These three parameters are referred to as Zx, Zy,
and Zp, respectively. Properties were averaged for all sections where both right and left
sides could be measured. Data for the femora are listed in Table 29-4, and for the tibiae in
Table 29-7; additional data for the fibulae, which are presented but not analyzed, are provided in Table 29-9.
Comparative cross-sectional data were obtained for several Late Pleistocene juvenile
specimens, including four Neandertals: La Ferrassie 6 (femur, tibia; 3-5 yrs), Teshik-Tash 1
(femur; 8-10 yrs.), Dederiyeh 1 (femur, tibia, humerus; 2 yrs.), and Dederiyeh 2 (femur, tibia;
2 yrs.); and five early moderns: Qafzeh 10 (femur; 6 yrs.), Skhul 1 (femur, tibia, humerus; 45 yrs.), Skhul 8 (femur, tibia, 8-10 yrs.), Mladeč 102 (femur; 3-5 yrs.), and Yamashita-cho 1
(femur, tibia; 6 yrs.). Some of these specimens have been included in previous analyses (La
Ferrassie 6, Teshik-Tash 1, Skhul 8, Yamashita-cho 1) (Ruff et al., 1994; Trinkaus and Ruff,
1996). The data for Dederiyeh 1 and 2 were kindly provided by Dr. Osamu Kondo (Kondo
and Dodo, 2002; Kondo and Ishida, 2002). When properties had been measured on both
right and left sides, they were averaged for comparisons.
In addition, cross-sectional data were available for three modern juvenile samples:
Pecos Pueblo Amerindians (femur, tibia, humerus; only 5-9 yrs used here, N = 8) and a late
19th century French sample (femur; 2.7-7 yrs, N = 11) (Ruff et al., 1994; Trinkaus and Ruff,
1996), as well as the Denver Growth Study sample described in Chapter 25 (femur,
humerus; only 4-5 yrs or 3-4 yrs used here [see below], N =20). Data for the femoral and tibial midshafts (of biomechanical length) are compared here. Data for the humerus are compared in Chapter 30. Comparative cross-sectional images were obtained using a variety of
methods, including CT scanning, multiplane radiography combined with external molding,
and photographing of natural sections (see above references for details). Cross-sectional data
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for the Denver sample were obtained from anteroposterior radiographs, as described in
Chapter 25. A circular cross section was thus assumed for calculation of areas and the polar
second moment of area and section modulus in this sample (using geometric formulae —
see Runestad et al., 1993). This assumption is justified in that midshaft regions of femora
(and humeri) in this age range are almost circular on average, as shown below and in
Chapter 30. The Denver sample could not, therefore, be included in comparisons of anteroposterior to mediolateral bending strengths. Only the Pecos sample was available for tibial
comparisons.

The Femora
The femora preserve portions of all six elements (Figs. 29-1 to 29-3; Tables 29-1 and
29-2). The two intermetaphyseal bones are largely complete, with both having sustained
damage to the distal portions and the right one lacking portions of the midshaft posterior
surface. All four epiphyses are present, and the right proximal one and the left distal one
are present with only minor damage. There is no apparent distortion except for the trivial
amounts associated with the reassembly of the distal intermetaphyseal regions.

– Anterior view of the femora, with the epiphyses
adjacent to the metaphyses. Scale in centimeters.
FIG. 29-1
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– Posterior view of the femoral diaphyses and
metaphyses. Scale in centimeters.
FIG. 29-2

FIG. 29-3

– Medial and lateral views of the femoral diaphyses and metaphyses. Scale in centimeters.

The Proximal Epiphyses
The head epiphyses are unremarkable for a juvenile (Fig. 29-1). They are both superiorly bulbous, the right one being more irregular along its subchondral bone. The epiphyseal
surface of the right one is flat to concave, whereas the left one is largely flat.

The Proximal Metaphyses
The head metaphyseal surface is preserved best on the right femur (Fig.. 29-4). It is
deeply sculpted for the head epiphyseal cartilage, and it curves around and projects anteriorly and anteromedially.

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

438

– Proximal view of the right femoral metaphyseal surface (left), and proximal and distal views of the left distal femoral
epiphysis. Scale in centimeters.
FIG. 29-4

The surfaces of the necks are primarily cortical bone, with subchondral bone present only
on the proximal surface, narrowing where the capitular and greater trochanteric epiphyseal cartilages approached each other. The neck cross section is strongly convex inferomedially, flat to
trivially concave anteriorly, and superiorly and posteriorly convex with a rounded angle between
them. The diameters of the necks (Table 29-1) indicate that they are slightly higher than deep.

Table 29-1
Metaphyseal and epiphyseal osteometrics of the Lagar Velho 1 femora, in
millimeters and degrees.
Right

Left

Proximal (head) epiphysis maximum thickness
Proximal (head) epiphysis maximum diameter
Head metaphysis anteroposterior diameter
Head metaphysis mediolateral breadth
Neck anteroposterior diameter
Neck proximodistal diameter
Greater trochanter metaphysis anteroposterior diameter

10.5
20.2
(21.5)
22.0
14.7
16.4
23.5

10.3
–
–
–
14.2
16.3
–

Neck-shaft angle, relative to proximal diaphysis:
Metaphyseal surface
Neck midline

124°
133°

123°
134°

Neck-shaft angle, relative to whole diaphysis:
Metaphyseal surface
Neck midline
Metaphyseal anteversion angle
Distal metaphysis anteroposterior diameter (lateral)
Distal metaphysis mediolateral diameter
Metaphyseal bicondylar angle
Distal (condylar) epiphysis medial anteroposterior diameter
Distal (condylar) epiphysis lateral anteroposterior diameter
Distal (condylar) epiphysis maximum breadth
Distal (condylar) epiphysis medial proximodistal thickness
Distal (condylar) epiphysis lateral proximodistal thickness

128°
137°
(0°)
–
–
8°
–
21.9
–
–
12.5

125°
136°
(5°)
(23.0)
(44.0)
8°
19.6
22.4
40.6
12.6
12.3

The neck-shaft angles, depending upon what technique is employed for measurement,
vary around 130° (Table 29-1). This value is close to those for the Neandertal juvenile La
Ferrassie 6 (125° for the metaphysis and 128° for the mid-neck), Roc de Marsal 1 (130°) and
Cova Negra 3 (ca.125°-130°), and slightly above those for the older Teshik-Tash 1 (mid-neck:
128°; metaphysis: 124°). It is also close to the mid-neck value of 131° for Skhul 1, but it is well
below the mid-neck value of 140° for Qafzeh 10. There are no European early modern
human juvenile femora which provide this angle, but the east Asian early modern human
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– Posteroanterior radiograph of the proximal femoral metaphyses, taken perpendicular to the plane of the proximal
diaphysis and neck.
FIG. 29-5

Yamashita-cho 1 juvenile femur provides a mid-neck angle of 136°. These values are therefore generally similar to each other, with the exception of Qafzeh 10, and Lagar Velho 1 is
unremarkable among these Late Pleistocene juveniles. This is not surprising, since most late
archaic and early modern human adult femora have generally similar femoral neck-shaft
angles, the one exception being the Qafzeh-Skhul sample with its abnormally high values
(Trinkaus, 1993b, 2000c).
Given that neck-shaft angles normally decrease during the first decade of life to reach
adult values during adolescence, and that their degree of decrease reflects overall activity patterns (or lower limb loading levels) [Anderson and Trinkaus (1998) and references therein],
the neck-shaft angles of Lagar Velho 1 indicate two things. First, they demonstrate that loading levels at the hip were well within normal levels for an early Upper Paleolithic juvenile
human as a result of normal locomotor development, and second, that the level of activity of
this juvenile was similar to that of other earlier Upper Paleolithic juveniles.
The posteroanterior radiograph of the proximal femoral metaphyses (Fig. 29-5) reveals
(especially on the better preserved right femur) the clear formation of the standard trabecular bundles, including the medial trabecular bundle running tangentially to the inferior neck
cortical bone and across the head metaphyses to meet the metaphyseal surface perpendicularly, as well as the arching trabeculae from the lateral greater trochanter to the medial head
metaphysis. Since these trabeculae form in this regular pattern only in response to normal
locomotor loading of the hip region (Townsley, 1948), this provides further indication of the
locomotor health of this individual.
The greater trochanter metaphyses are moderately rugose, concave posterolaterally and
convex anteromedially. They project anteriorly to form a shelf over the proximal shaft but are

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

440

rounded onto the surface. The left lesser trochanter metaphyseal surface is abraded and the
right one is damaged, but sufficient portions of the right one remain to indicate that it was largely flat and formed a distinct raised lip extending ca.2.5 mm along the medial and distal edges.
The degree of anteversion has been estimated at 0° and 5° relative to the distal metaphyseal surface. These are relatively modest values compared to those of recent human juveniles (Fabry et al., 1973).

The Diaphyses
The femora present a symmetrical diaphyseal curvature which appears (Figs. 29-1 to 293 and Figs. 29-6 and 29-7; Table 29-2) as an anterior curvature with the maximum point near
midshaft and an associated medial curvature. The curvature is in reality a single one that is
anteromedially convex in a plane about 30° from the coronal plane of the bone. The anterior
curvature subtenses (4.5 and 6.0 mm) are similar to that of Roc de Marsal 1 (5.0 mm), above
that of La Ferrassie 6 (2.5 mm), and well above that of Skhul 1 (1.0 mm).

– Posteroanterior radiograph of the femoral
diaphyses and metaphyses.
FIG. 29-6
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– Mediolateral radiograph of the
femoral diaphyses and metaphyses.
FIG. 29-7

Table 29-2
Length and diaphyseal osteometrics of the Lagar Velho 1 femora, in millimeters.
Intermetaphyseal lengths:
Maximum
To greater trochanter at diaphyseal axis
Bicondylar
To greater trochanter at diaphyseal axis
Maximum length, including epiphyses
Biomechanical length1
Anterior diaphyseal curvature chord
Anterior diaphyseal curvature maximum subtense
Anterior diaphyseal curvature position (to proximal)
Subtrochanteric anteroposterior diameter2
Subtrochanteric mediolateral diameter
Subtrochanteric circumference
Midshaft anteroposterior diameter
Midshaft mediolateral diameter
Midshaft circumference
Gluteal tuberosity breadth3

Right

Left

198.0
189.0
197.0
188.0
–
–
148.0
4.6
67.0
13.0
15.6
49.0
13.8
14.1
44.5
5.4

199.0
186.0
198.0
184.0
222.0
202.0
148.0
6.0
78.0
12.9
15.6
48.0
(13.5)
14.8
45.0
5.3

Notes:
1
Length parallel to the diaphysis from the average distal projection of the condyles to the superior surface of the neck.
2
Subtrochanteric diameters taken at the maximum protrusion of the gluteal buttress.
3
Maximum diameter of the rugosity for the gluteus maximus muscle.

The anterior surfaces of the diaphyses are flat distal to the
trochanters and even slightly concave on the right side. They
are then evenly rounded mediolaterally through midshaft, leading onto the anteromedially flattened distal diaphyses in the
suprapatellar regions. There are two small pits in the right
suprapatellar fossa. The medial surfaces remain evenly rounded throughout the lengths of the diaphyses, neither one exhibiting a spiral line proximally. The lateral diaphyseal surfaces have
a hint of a gluteal buttress proximally, but they even out to a
rounded lateral surface by the mid-proximal diaphysis and
remain that way to the distal end. The posterior surfaces, as preserved, are evenly rounded except for the raised linea aspera on
each one, flattening out without concavity in the popliteal areas.
The gluteal tuberosities are distinct muscle attachment
areas, each one evident as a long sulcus with raised medial
and lateral margins with a moderately rugose sulcal floor
(Fig. 29-8). Proximally the bone is raised up from the shaft
surface, but then becomes a sulcus below the level of the
lesser trochanter. There is no tubercle at the distal end, such
as is present on the La Ferrassie 6 and Roc de Marsal 1 femora. The breadths of the tuberosities (5.3 and 5.4 mm) are similar to that for the La Ferrassie 6 femur (5.8 mm) and the
Skhul 1 femora (4.5 and 5.7 mm), but below the higher value
(8.8 mm) for the younger Roc de Marsal 1 femur.
– Posterior view of the right proximal femoral diaphysis with the gluteal
tuberosity. Scale in centimeters.
FIG. 29-8
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On the posteroproximal diaphyses of Lagar Velho 1, there is a raised line descending
from each lesser trochanter, rounded on the left but a small crest on the right. The linea
aspera on each side is formed of three lines proximally, which converge into a single broad
muscle attachment line near midshaft. Through midshaft, the linea aspera is little more than
a raised line with a shallow lateral sulcus and a smooth transition to the medial surface. The
lines then fade out distally. Each linea aspera is therefore a clear and prominent line, but there
is no indication of the formation of a pilaster, which is normal in a juvenile of this age.
The absence of a pilaster on the Lagar Velho 1 femora is indicated by its pilastric (midshaft anteroposterior versus mediolateral diameters) indices of 97.8 and ca.91.2, for an average of 94.5. These values are similar to those of 93.5, 93.9 and 96.2 for Cova Negra 3, La
Ferrassie 6 and Roc de Marsal 1 respectively and the value of 94.7 for the older (8-10 year
old) Skhul 8 femur. The younger (ca.2 year old) Dederiyeh 1 and 2 femora provide indices
of 100.0 and 96.2 for the former and 103.0 for the latter. However, Qafzeh 10 (105.6) and
Skhul 1 (112.9) provide somewhat higher values. The older Teshik-Tash 1 femur has an index
of 100.0, and the east Asian Yamashito-cho 1 juvenile has one of 100.6. Given the marked
contrast between Neandertal and early modern human adults in the development of the
pilaster, with the latter generally presenting marked development of the bony ridge
(Trinkaus, 1976; Trinkaus and Ruff, 1999), it is of interest to determine when during development this contrast may have emerged. These variable values for Neandertal and early
modern human pre-adolescent pilastric indices, most of them close to 100, suggest that the
adult patterns emerged during adolescence.
Log-log plots of femoral midshaft anteroposterior versus mediolateral section moduli
(bending strengths) are plotted in Fig. 29-9 (see also Table 29-4). Also shown is a theoretical line indicating equal anteroposterior and mediolateral bending strengths. All of the specimens — Late Pleistocene and recent — fall close to this line, indicating almost equivalent
strengths in the two planes (In comparisons of least squares regressions, all groups are nonsignificantly different in elevation.) Thus, the characteristically more mediolaterally buttressed femoral midshaft lacking a pilaster of
adult Neandertals (Trinkaus and Ruff, 1989,
1999; Trinkaus et al., 1998) does not appear
to be developed by 2-10 years of age. Lagar
Velho 1 falls in the middle of the data scatter.
On the distal portion of the posteromedial right diaphysis, there is a shallow longitudinal sulcus, ca.21 mm long and with its proximodistal middle located ca.53 mm from the
distal metaphysis. There is no evidence for a
similar sulcus on the left diaphysis. The sulcus is 3.0 mm wide and ca.1 mm deep. The
floor of it is smooth, there is a clear but
smooth medial margin, and a slightly rugose
but rounded lateral margin is present. It is
not clear whether this irregularity in the diaFIG. 29-9 – Femoral midshaft anteroposterior (A-P) relative
physeal surface is the secondary consequence to mediolateral (M-L) bending strengths (section moduli)
of a lesion or merely a morphological irregu- in Lagar Velho 1 and other Late Pleistocene and recent
Star: Lagar Velho 1; large squares: Neandertals;
larity in the diaphysis; it is therefore consid- juveniles.
circles: early moderns; small squares: recent (Pecos and
ered as a morphological variant rather than a French samples). Theoretical line with slope of 1.0 and
intercept of 0 is plotted.
diagnosable lesion.
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Robusticity comparisons of the femoral midshaft can be approximated using an index of
midshaft circumference to diaphyseal length. The average value for Lagar Velho 1 (23.9) is similar to those of Qafzeh 10 (22.6) and Skhul 1 (23.7), but well below those of Roc de Marsal 1 (26.4)
and La Ferrassie 6 (29.3). The developmentally older, and therefore more linear (Ruff et al.,
1994), Teshik-Tash 1 femur has an index of 22.2. A temperate zone recent human sample provides indices of 22.0 ± 2.8 (N = 44). However, appropriate assessment of femoral diaphyseal
robusticity requires consideration of cross-sectional geometric parameters scaled against bone
length and body mass (Ruff et al., 1993; Ruff, 2000c). This is especially relevant since the Lagar
Velho 1 femora appear to have relatively thin cortical bone (Figs. 29-6 and 29-7; Table 29-3).

Table 29-3
Midshaft cortical thicknesses of the Lagar Velho 1 femora, parallax corrected from
anteroposterior and mediolateral radiographs (in millimeters).
Anterior
Posterior
Medial
Lateral

Right

Left

2.2
3.0
2.6
2.7

2.0
3.1
(2.7)
2.9

Table 29-4
Cross-sectional geometric parameters of the Lagar Velho 1 femoral diaphyses. Areas
in mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.
Right

Left

20%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

336.7
73.6
263.1
2313.0
5206.3
5206.9
2312.4
7519.3
0.8
256.5
369.2

–
–
–
–
–
–
–
–
–
–
–

35%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

212.0
83.6
128.5
1920.2
2640.9
2640.9
1920.2
4561.1
-0.4
245.4
273.4

–
–
–
–
–
–
–
–
–
–
–

50%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)

163.5
86.9
76.5
1556.7
1790.7
1894.6

–
–
–
–
–
–
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Table 29-4 [cont.]
Right

Left

50%

Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

1452.8
3347.5
-29.0
219.8
225.4

–
–
–
–
–

65%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

148.4
148.9
88.1
90.0
60.3
58.9
1356.6 1401.8
1589.9 1584.6
1683.9 1710.9
1262.6 1275.6
2946.5 2986.5
-28.2
-32.6
198.9
203.4
218.7
221.9

80%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

161.2
161.7
91.0
88.7
70.2
73.0
1447.0 1454.0
1908.0 1902.3
1972.0 2010.1
1383.0 1346.3
3355.0 3356.3
-19.3
-23.8
208.4 209.6
239.6
241.5

This cortical thinness is demonstrated in Fig. 29-10, which shows percent cortical area
(%CA) of the femoral midshaft in Lagar Velho 1, the eight other Late Pleistocene juveniles,
and the three recent human samples. Lagar Velho 1 is below the range of the other Late
Pleistocene specimens and just at the lower limit of the ranges of two of the three recent
samples. The Neandertals tend to have relatively thick cortices, as noted previously (Ruff et
al., 1994; see also Arsuaga et al., 2001a), except for Dederiyeh 2 (lowest Neandertal data
point in Fig. 29-10; also see Kondo and Ishida, 2001), which is relatively close to Lagar Velho
1. The mean for the five early modern juveniles is almost identical to that for Neandertals,
which parallels the similarity in percent cortical area for adult femora from the same samples (Trinkaus and Ruff, 1999). Both groups are near-significantly larger (P < 0.10) in %CA
than the pooled recent sample (t tests). Both groups also show a relatively wide range of values. Percent cortical area reaches a minimum between 4 and 5 years of age in the Denver
sample, being slightly larger in infants and progressively increasing in older children and
adolescents, eventually reaching a mean of 80% in Denver “adults” (17 - 21 years). The two
highest points in Fig. 29-10 belong to the Neandertal Teshik-Tash 1 and the early modern
Skhul 8, the two oldest individuals in the Late Pleistocene sample (8-10 years); thus,
increased age may partly account for their high values relative to the other specimens.
Average femoral midshaft strength (polar section modulus) is plotted against femoral
intermetaphyseal length in Fig. 29-11 (Mladeč 102 and Skhul 8 are not included here
because their femoral length estimates are approximate). Both least squares (LS) and
reduced major axis (RMA) regression lines are fitted through the pooled recent sample.
Almost all of the Late Pleistocene specimens, including Lagar Velho 1, fall above the recent

chapter 29

445

| THE LOWER LIMB REMAINS

regressions, although generally within the
modern data scatter. Dederiyeh 2 is the one
exception, falling below all but one of the
modern specimens (from Pecos Pueblo).
Thus, these Late Pleistocene juvenile femora
are generally “robust” by the criterion of
strength versus bone length. However, as discussed elsewhere (Ruff et al., 1993; Trinkaus
et al., 1999; Ruff, 2000c), such comparisons
confound relative bone strength with relative
limb length to body mass proportions. Body
masses are available for the Denver sample,
and they can be calculated for a few of the Late
Pleistocene specimens from distal femoral
metaphyseal breadth and femoral length,
based on a multiple regression derived from
the Denver sample, as described in Chapter FIG. 29-10 – Femoral midshaft percent cortical area in Lagar
25. Fig. 29-12 compares average femoral mid- Velho 1 and other Late Pleistocene and recent juveniles
(see text for list of specimens included). Horizontal lines
shaft strength with body mass x femoral indicate sample means.
length, the mechanically appropriate “size”
parameter for bending/torsional strength comparisons (see Ruff, 2000c), in the Denver
sample, Lagar Velho 1, La Ferrassie 6, and Qafzeh 10. Because the Denver sample tends to
be of a larger body size than Late Pleistocene specimens of similar age, a slightly younger
sample of Denver 3.5-5 year-olds was used here (as was done in Chapter 25 for certain comparisons), although this sample is still above the size range for La Ferrassie 6. Both LS and
RMA regression lines are plotted through the Denver sample. However, the RMA line is
probably the more appropriate basis for comparison here, since: a) evaluation of La Ferrassie
6 involves extrapolation beyond the reference sample, for which RMA is much better suited
than LS (Aiello, 1992), and b) the RMA line has a slope nonsignificantly different from 1.0,
which is the theoretically expected line of equivalent bone strength relative to body size
(Ruff, 2000c). Relative to the RMA line, all three Late Pleistocene specimens are slightly
above average in strength compared to the Denver sample. This confirms results presented
earlier based on a different sample and slightly different method of analysis (Ruff et al.,
1994); they also conform to the pattern seen in Late Pleistocene mature femora, which are
similar across late archaic and early modern human samples and generally more robust, on
average, than recent human femora (Ruff et al., 2000). Lagar Velho 1 and La Ferrassie 6 are
almost perfectly “isometric” in strength, i.e., fall along a line with a slope of 1.0, while
Qafzeh 10 falls somewhat below this same line. Thus, the Lagar Velho 1 femora, despite
their relatively thin cortices (Fig. 29-10), appear to be as strong relative to body size as those
of other Late Pleistocene juveniles.
Bilateral asymmetry in cross-sectional properties of the Lagar Velho 1 femora, where
both sides could be measured (the proximal two sections — see Table 29-4), is minimal,
with all differences between sides less than 3%. Data for recent and Late Pleistocene adults
(Ruff and Jones, 1981; Trinkaus et al., 1994) indicate somewhat greater lower limb asymmetry on average, which could reflect the cumulative effects of bilaterally asymmetric use of
the limbs during particular behaviors (although not preferentially right or left “dominant” in
the lower limbs); any such effect might not be as apparent in young juveniles. This possibility needs to be explored further in age series from the same populations.

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

446

– Femoral midshaft average strength (polar section
modulus) relative to femoral intermetaphyseal length in
Lagar Velho 1 and other Late Pleistocene and recent
juveniles (see text for list of specimens). Star: Lagar Velho
1; large squares: Neandertals; circles: early moderns; small
squares: recent (Pecos and French samples). Reduced
major axis and least squares lines are plotted through the
pooled recent sample (Pecos, French, and Denver).
FIG. 29-11

– Femoral midshaft average strength (polar section
modulus) relative to the product of body mass and femoral
intermetaphyseal length in Lagar Velho 1 and other Late
Pleistocene and recent juveniles (see text for list of
specimens). Star: Lagar Velho 1; large squares: Neandertals;
circles: early moderns; small squares: recent (Pecos and
French samples). Reduced major axis and least squares
lines are plotted through the pooled recent sample (Denver).
FIG. 29-12

The Distal Metaphyses
The distal metaphyses have both been damaged and reassembled, but the right one is
largely present and undistorted (Figs. 29-1 and 29-2). The metaphyseal surfaces are irregular
with bulbous lateral condylar areas. There is no rounding anteriorly for the patellar surface.
There is a modest rugosity of the posterior cortical bone just above the metaphyseal margin.
Both distal femora present a metaphyseal bicondylar angle of 8°, measured between the
tangent to the distal metaphysis and the distal diaphyseal axis (Tardieu and Trinkaus, 1994).
Such a value is well within the ranges of variation of articular bicondylar angles for adult
recent and Late Pleistocene humans (none of whom differ significantly between samples),
is matched by the early adolescent KNM-WT 15000 H. erectus (8°) and above the values of 4°
and 5° for La Ferrassie 6 (Tardieu and Trinkaus, 1994). The Qafzeh 10 distal femur is distorted, but it clearly had a bicondylar angle in the same range as these other immature Late
Pleistocene femora (Tillier, 1999).
Since the bicondylar angle (metaphyseal and articular) develops normally from 0° at
birth to adult values about 4-5 years of age, and only develops with normal human bipedal
locomotor loading of the lower limb (Tardieu and Trinkaus, 1994), the presence of a clear
mature bicondylar angle in Lagar Velho 1 indicates age-appropriate normal development of
this region.

The Distal Epiphyses
The right distal epiphysis retains only the lateral condyle and the anterior margin,
whereas the left one is more complete (Fig. 29-4). The proximal surface of the right lateral
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distal epiphysis is largely planar, whereas the left one is modestly concave above the condyles
and has a raised intercondylar area. There is no evidence of a concavity for the patellar surface on the left side, but there is a hint of one on the right. The condylar surfaces are evenly bulbous with a clear intercondylar sulcus distally and, especially, dorsally. The left medial
thickness is minimally greater than the lateral thickness.

The Patellae
No trace of either patella was recovered in situ. Since the modern human patella normally begins ossification between 2 and 6 years postnatal (Scheuer and Black, 2000), either
the ossification was relatively late in Lagar Velho 1 or the small amount of ossified bone was
not sufficiently well preserved to be recognized as such during or after excavation. Given the
exceptional level of preservation of Lagar Velho 1, including that of the left proximal tibial
metaphysis and of the distal femoral and proximal tibial epiphyses, it is likely that the patellae were not more than minimally ossified at the time of death.

The Tibiae
Lagar Velho 1 preserves one exceptionally intact intermetaphyseal bone (the left one)
and most of the right one with bone loss to the metaphyseal regions, plus one proximal and
two distal epiphyses (Figs. 29-13 to 29-16; Table 29-5).

– Anterior view of the tibiae and fibulae, with the
epiphyses adjacent to the metaphyses. Scale in centimeters.
FIG. 29-13

– Posterior view of the tibial and fibular diaphyses
and metaphyses. Scale in centimeters.
FIG. 29-14
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– Medial view of the tibial diaphyses and
metaphyses. Scale in centimeters.
FIG. 29-15

– Lateral view of the tibial and fibular diaphyses and
metaphyses. Scale in centimeters.
FIG. 29-16

Table 29-5
Osteometrics of the Lagar Velho 1 tibiae, in millimeters and degrees.
1

Medial intermetaphyseal length
Lateral intermetaphyseal length1
Biomechanical length2
Midshaft anteroposterior diameter
Midshaft mediolateral diameter
Midshaft circumference
Distal minimum circumference
Proximal mediolateral diameter
Proximal anteroposterior diameter
Proximal metaphyseal surface anteroposterior diameter
Proximal metaphyseal mediolateral horizontal angle
Medial metaphyseal retroversion angle
Lateral metaphyseal retroversion angle
Condylar displacement3
Anteroposterior diameter at tibial tuberosity4
Tibial tuberosity proximodistal length5
Tibial tuberosity proximal breadth6

chapter 29

449

| THE LOWER LIMB REMAINS

Right

Left

153.6
156.1
–
15.4
13.4
45.0
44.0
–
–
–
–
–
–
–
20.1
–
–

155.8
156.1
170.0
15.3
13.1
44.0
44.0
38.6
23.0
20.0
90°
11°
8°
19.8
18.9
24.0
15.5

Table 29-5 [cont.]
7

Tibial tuberosity distal breadth
Distal metaphyseal mediolateral diameter
Distal metaphyseal mediolateral horizontal angle8
Proximal epiphysis maximum mediolateral diameter
Proximal epiphysis maximum thickness
Distal epiphysis maximum anteroposterior diameter
Distal epiphysis maximum mediolateral diameter
Distal epiphysis medial maximum thickness
Distal epiphysis lateral minimum thickness

Right

Left

–
–
–
–
–
–
23.7
6.9
4.6

5.8
(25.0)
82°
28.2
(12.0)
18.1
23.2
6.3
5.0

Notes:
1
Medial and lateral intermetaphyseal lengths taken from the middle of each condylar metaphyseal surface to the middle
of the distal metaphyseal surface, parallel to the diaphyseal axis.
2
Length parallel to longitudinal axis of the diaphysis from average proximal projection of plateau centers to center of
talar articular surface.
3
The anteroposterior distance, in the plane perpendicular to the diaphyseal axis, between the anterior tibial tuberosity and
the anteroposterior middle of the condylar metaphyseal surface. Adapted from the equivalent measurement (Trinkaus
and Rhoads, 1999) on mature tibiae between the tibial tuberosity and the anteroposterior middles of the condyles.
4
Maximum anteroposterior diameter between the tibial tuberosity and the dorsal diaphysis at the same proximodistal level.
5
Maximum length of the rugosity for the tibial tuberosity and its epiphysis.
6
Proximal maximum breadth of the rugosity for the tibial tuberosity.
7
Distal minimum breadth of the rugosity for the tibial tuberosity.
8
Angle in the coronal plane of the tibia between the distal metaphysis and the diaphyseal axis, in which an angle less
than 90° indicates a medial deviation of the metaphysis.

The Proximal Epiphysis
The left proximal epiphysis has an undulating but largely flat metaphyseal surface, with
a raised mid-posterior portion to conform with the shape of the metaphysis. The articular
surface is largely flat.

The Proximal Metaphyses
The left proximal metaphysis is complete, but the right one retains only the posterior margin. However, in its preserved portions. the right metaphysis is symmetrical with the left one.
The left metaphysis is gently undulating, largely in one plane, rising slightly anteromedially and rounding distally posteromedially and laterally. There is a modest depression
along the posterior midline, ca.6 mm wide by ca.8 mm deep. Anteriorly along the midline,
the metaphysis slopes ca.30° anterodistally towards the tibial tuberosity. The medial side is
strongly projecting medially, and there is a modest posterolateral projection of the surface
with a slight distal lip to the margin.
The metaphyseal surface is at a right angle (90°) to the diaphyseal axis in the coronal
plane of the bone, indicating that the knee articulation was close to horizontal, and that the
femoral orientation is accurately indicated by its bicondylar angle. The medial metaphyseal
retroversion angle is 11°, which is within the range of variation of the articular retroversion
angles known for Late Pleistocene humans and non-industrial recent humans, albeit at the
low end of that range (Trinkaus, 1975a; Trinkaus and Rhoads, 1999). Since the development
of the angle reflects loading levels and patterns, and especially the former, its clear presence
in Lagar Velho 1 indicates normal metaphyseal development and reasonably elevated force
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levels across the knee. The only other Late Pleistocene juvenile preserving the tibial plateau,
the Yamashita-cho 1 early modern human, preserves only the lateral condylar metaphysis
which shows little retroversion.
The tibial tuberosities are bilaterally preserved and similar. They are transversely largely flat
(the right one is slightly more convex), vertically concave proximally and vertically convex distally. The more proximal portions are rugose, whereas the more distal portions are smooth with
fine vertical striae. The left one tapers distally (Table 29-5). The Lagar Velho 1 tibial tuberosities
are notable primarily for their projection anteriorly relative to the condylar metaphysis, or more
appropriately, the combination of a projecting tuberosity and the posterior displacement of the
condylar metaphysis (Figs. 29-15 and 29-16). This degree of condylar displacement, which would
augment the power arm for quadriceps femoris, parallels that seen in more robust recent
human, Late Pleistocene early modern human and especially Neandertal adult tibiae (Trinkaus
and Rhoads, 1999). Unfortunately, European early modern human juvenile tibiae are unavailable for comparison, but the Yamashito-cho 1 juvenile tibia shows little of the condylar displacement evident in Lagar Velho 1. It is therefore not possible to assess whether this condylar displacement distinguishes Lagar Velho 1 relative to one or the other of the Late Pleistocene comparative samples, but it nonetheless indicates an elevated level of robusticity.

The Diaphyses
The diaphyses are highly symmetrical, except for minor metrical differences. The anterior crest is a clear open angle, which extends from the distal tuberosity to the distal minimum
circumference level, 115 mm distal of the proximal metaphysis on the left bone. The anteromedial surface is gently convex the entire length of the diaphysis. The anterolateral and lateral
surfaces are also gently convex, and there is no trace of either interosseus line. The posterolateral angle is very rounded except at the level of the tuberosity, where it forms a rounded right
angle. The posteromedial margin forms an
acute angle, but it too remains rounded for the
length of the bone. The posterior surface is
transversely flat proximally and then convex
through the middle and distal shaft.
The left soleal line is evident as a slight
excavation of the surface up to 1.4 mm wide
for a distance of ca.22 mm, with its distal end
41.5 mm distal of the proximal metaphyseal
surface. It does not reach the medial side, and
there is no trace of it along the posteromedial
margin. There is a single nutrient foramen on
the left tibia (the right one is insufficiently
preserved in the same region), which is just
posterior of the posterolateral corner, located
38.5 mm distal of the proximal metaphyseal
FIG. 29-17 – Tibial midshaft anteroposterior (A-P) relative
surface. It forms a deep sulcus 1.7 mm wide to mediolateral (M-L) bending strengths (section moduli)
in Lagar Velho 1 and other Late Pleistocene and recent
and 4.2 mm long.
Star: Lagar Velho 1; large squares: Neandertals;
The midshaft diameters of the Lagar juveniles.
circles: early moderns; small squares: recent (Pecos and
Velho 1 tibiae provide indices (anteroposterior French samples). Theoretical line with slope of 1.0 and
versus mediolateral diameters) of 114.9 and intercept of 0 plotted.
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116.8. These are similar to those of the similarly aged La Ferrassie 6 (113.3) and Skhul 1
(112.9) but below those of the older Skhul 8 (131.3) and Sunghir 2 (142.1). It is 113.5 for
Yamashita-cho 1.
Fig. 29-17 presents tibial midshaft anteroposterior to mediolateral bending strengths
for Lagar Velho 1, six Late Pleistocene juveniles and the Pecos juvenile sample, along with a
theoretical line representing equivalent strengths in the two planes (see Table 29-7). All
specimens fall slightly above the line, indicating increased anteroposterior relative to mediolateral bending strength. Dederiyeh 2 is somewhat of a high outlier in this regard, but on
the whole there is no apparent difference in tibial midshaft cross-sectional shape between
Neandertals, early moderns, and the recent Pecos sample. Lagar Velho 1 is slightly on the
low side but falls within the same general distribution.
An index of robusticity (midshaft circumference versus mean intermetaphyseal
length) is 28.6 for Lagar Velho 1, which approaches that of La Ferrassie 6 (31.8) and is above
that of Skhul 1 (24.7). The last is close to the mean of a temperate zone recent human sample (24.9 ± 2.8, N = 43). However, as with the femora, the Lagar Velho 1 tibial diaphyseal
cortical bone appears relatively thin (Figs. 29-18 and 29-19; Table 29-6), and appropriate
assessment of its tibial diaphyseal robusticity should employ scaled diaphyseal cross-sectional properties.

– Anteroposterior radiograph of the tibial diaphyses and
metaphyses.
FIG. 29-18

– Lateromedial radiograph of the tibial
diaphyses and metaphyses.
FIG. 29-19
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Table 29-6
Midshaft cortical thicknesses of the Lagar Velho 1 tibiae, parallax corrected from
anteroposterior and mediolateral radiographs (in millimeters).
Right

Left

Anterior

3.4

4.0

Posterior

2.8

3.1

Medial

1.7

1.8

Lateral

2.2

2.9

Tibial midshaft %CA in Lagar Velho 1, the
six other available Late Pleistocene specimens,
and the Pecos juvenile sample are shown in
Fig. 29-20 (see Table 29-7). Comparative data
are more limited than for the femur, so conclusions are more tentative and no statistical
comparisons were carried out. As in the femur,
on the whole the Neandertal and early modern
samples, except again for Dederiyeh 2 (the lowest point), lie in the upper range or above the
range of the recent Pecos sample. The oldest
Late Pleistocene specimen — Skhul 8 — is
again the highest data point. Lagar Velho 1 is
lower than any other Late Pleistocene specimen except Dederiyeh 2. However, relative to
these specimens and the recent Pecos sample, FIG. 29-20 – Tibial midshaft percent cortical area in Lagar
the position of the Lagar Velho 1 tibiae is some- Velho 1 and other Late Pleistocene and recent juveniles
(see text for list of specimens). Horizontal lines indicate
what less extreme than with its femora (com- sample means.
pare with Fig. 29-10); it falls not far from the
Pecos mean value.
Average tibial midshaft strength (polar section modulus) is plotted against tibial intermetaphyseal length in Fig. 29-21, with LS and RMA lines fit through the recent Pecos sample (Yamashita-cho 1 was not included here because the tibial length estimate is approximate). Several of the Late Pleistocene specimens are outside the tibial length range of the
recent sample, but except for Dederiyeh 2, it is apparent that the Neandertals and Lagar
Velho 1 all have relatively robust tibiae by this criterion, while the two early modern specimens have less robust tibiae. However, it is clear from other analyses (see Chapter 25),
that the distribution of points in Fig. 29-21 is largely driven by differences in relative tibial length to body size proportions, with Neandertals and Lagar Velho 1 having relatively
short tibiae and early moderns having relatively longer tibiae. Body mass estimates are
only available for two of these individuals — Lagar Velho 1 and La Ferrassie 6 — and no
recent comparative sample (other individuals either do not have a preserved femur, or in
the case of the Pecos sample, distal femoral mediolateral metaphyseal breadth was not
measured). Therefore, no graphical comparison of the appropriate (body mass x bone
length) “size” parameter could be carried out as in femora. However, in terms of biomechanical equivalence relative to this “size” parameter (isometry in log-log space), the Lagar
Velho 1 tibiae, despite their thinner cortices, are actually somewhat more robust than the
La Ferrassie 6 tibia.

chapter 29

453

| THE LOWER LIMB REMAINS

Viewed in the opposite direction, the
high tibial robusticity values for Lagar Velho 1
and the Neandertals, as opposed to the more
moderate ones when femoral midshaft
strength is compared to length (Fig. 29-11),
confirm what was documented in Chapter 25.
Given that the general level of lower limb
robusticity, when appropriately scaled to bone
length times body mass, should be the same
for the proximal and distal limb segments,
these femoral and tibial values of midshaft
strength versus bone length only make sense
if both Lagar Velho 1 and the juvenile
Neandertals have relatively short tibiae.
As in the femur, bilateral asymmetry in
cross-sectional properties is relatively small in
the Lagar Velho 1 tibiae. Asymmetry in average bending/torsional strength is less than 5%
in the three sections where it can be assessed
(Table 29-7).

– Tibial midshaft average strength (polar section
modulus) relative to tibial intermetaphyseal length in
Lagar Velho 1 and other Late Pleistocene and recent
juveniles (see text for list of specimens). Star: Lagar Velho
1; large squares: Neandertals; circles: early moderns;
small squares: recent (Pecos and French samples).
Reduced major axis and least squares lines plotted
through pooled recent sample (Pecos).
FIG. 29-21

Table 29-7
Cross-sectional geometric parameters of the Lagar Velho 1 tibial diaphyses. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.
Right

Left

20%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

192.4
184.4
56.8
57.5
135.7
126.9
1274.4 1297.0
1720.1 1569.5
1736.2 1641.9
1258.3 1224.6
2994.5 2866.6
10.6
24.6
175.9
178.5
197.4
181.7

35%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

155.4
73.4
82.1
1343.0
1470.3
1602.5
1210.8
2813.2
35.5
182.2
195.8

152.1
73.8
78.4
1406.7
1324.8
1503.8
1227.7
2731.6
53.6
181.9
183.3

50%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)

160.8
89.1
71.7
1773.6
1569.9

156.4
88.5
67.9
1812.2
1420.4
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Table 29-7 [cont.]
Right

Left

1918.3
1425.2
3343.5
57.2
224.8
216.2

1910.9
1321.7
3232.5
65.8
226.0
202.6

50%

Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

65%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

–
–
–
–
–
–
–
–
–
–
–

193.6
85.9
107.6
2343.1
1881.2
2523.4
1700.9
4224.3
62.1
272.9
232.9

80%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

–
–
–
–
–
–
–
–
–
–
–

280.5
76.0
204.4
3103.4
2964.1
3589.0
2478.5
6067.5
48.6
316.8
290.1

The Distal Metaphyses
The distal metaphyses (especially the better preserved left one) are angled (82°) medially, flare medially relative to the diaphyseal axis, and are relatively flat across their surfaces.

The Distal Epiphyses
The distal epiphyses are slightly concave proximally and slightly convex distally, and
modestly thicker medially (thereby in part compensating for the medial angulation of the
distal metaphysis). In this, they resemble recent human distal tibial epiphyses.

The Fibulae
The Lagar Velho 1 fibulae (Figs. 29-13, 29-14 and 29-16; Tables 29-8 and 29-9) preserve
almost all of the left intermetaphyseal bone, most of the right one lacking portions of the
mid-proximal diaphysis, and most of both distal epiphyses. The proximal epiphysis does not
normally begin ossification until 3-5 years postnatal (Scheuer and Black, 2000); if it was present, it was represented only by tiny spicules of bone not readily recovered archeologically.
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Table 29-8
Osteometrics of the Lagar Velho 1 fibulae, in millimeters and degrees.
Intermetaphyseal length
Medial diaphyseal curvature chord1
Medial diaphyseal curvature maximum subtense
Medial diaphyseal curvature position (to proximal)
Midshaft anteroposterior diameter
Midshaft mediolateral diameter
Proximal metaphyseal anteroposterior diameter
Proximal metaphyseal mediolateral diameter
Distal metaphyseal anteroposterior diameter
Distal metaphyseal mediolateral diameter
Distal metaphyseal angle2
Distal epiphysis proximodistal diameter
Distal epiphysis anteroposterior diameter
Distal epiphysis mediolateral diameter

Right

Left

153.7
119.0
4.0
63.0
8.1
–
10.5
12.1
13.0
10.1
3°
–
–
–

155.7
126.0
3.5
84.0
8.6
7.8
–
–
13.5
9.7
7°
8.2
10.8
8.9

Notes:
1
Medial curvature chord from the neck to the distal suprametaphyseal concavity.
2
Angle from the horizontal to which the distal metaphyseal surface slopes proximally anteriorly.

Table 29-9
Cross-sectional geometric parameters of the Lagar Velho 1 fibular diaphyses. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.
Right

Left

20%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

39.3
23.9
15.4
117.2
91.6
117.3
91.5
208.8
86.9
29.3
28.0

39.9
23.4
16.5
119.6
91.2
119.9
91.0
210.8
-84.5
30.9
25.9

35%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)

44.1
27.3
16.8
139.7

45.1
28.7
16.4
151.4

Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

127.1
140.2
126.7
266.8
-79.5
32.7
34.8

133.8
152.5
132.7
285.2
-76.3
34.0
35.3

–
–
–
–
–
–

47.2
29.1
18.2
166.3
136.1
166.8

50%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
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Table 29-9 [cont.]
Right

Left

50%

Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

–
–
–
–
–

135.6
302.4
-82.5
36.0
36.9

65%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

–
–
–
–
–
–
–
–
–
–
–

43.4
26.5
16.8
134.7
117.4
134.8
117.3
252.0
-85.1
31.9
32.7

80%

Total area
Cortical area
Medullary area
Anteroposterior second moment of area (Ix)
Mediolateral second moment of area (Iy)
Maximum second moment of area (Imax)
Minimum second moment of area (Imin)
Polar moment of area (J)
Orientation of Imax (Theta)
Anteroposterior section modulus (Zx)
Mediolateral section modulus (Zy)

28.0
20.0
8.0
53.5
61.4
63.2
51.7
114.9
-23.4
17.9
19.8

31.8
20.4
11.5
73.4
67.8
79.3
61.9
141.2
-54.3
22.3
21.9

The right proximal metaphysis is trapezoidal in outline, slightly convex proximally, with
flat anterior and lateral margins. It flares out from a relatively unconstricted neck.
The diaphyses present sets of crests and intervening surfaces, such as will develop into
clear crests in the adult. Since these divisions of the diaphyseal surfaces form during development, it is not apparent from the morphology of the Lagar Velho 1 fibular diaphyses what
its adult morphology would have been had it survived to adulthood. This is relevant, since
Neandertals and early modern humans consistently differ in the degree to which their fibulae have marked sulci between the crests, as opposed to largely flat surfaces between them
(Matiegka, 1938; Heim, 1982a; Trinkaus, 1983, pers. observ.).
On the more complete left fibular diaphysis of Lagar Velho 1, the anterior crest has a
clear angle from the neck to the distal minimum circumference, with an angle of 74° near
midshaft. The anteromedial crest is sharp but open by the neck (103°), but it then fades out
by midshaft. The medial crest is present and raised, but it is rounded along the distal half of
the shaft. The lateral crest is not actually present, but it is represented by a change from an
anterolaterally flat surface to a convex one posteriorly.
The anteromedial surface is flat to the distal rounding, as is the medial surface. The
anterolateral surface is flat to slightly concave through the middle two-thirds of the diaphysis, whereas the posterior surface is strongly convex along the entire length of the bone.
At the same time, the bones present a strong medial curvature (Fig. 29-13). It is evident
as an even concavity along the lateral surface and as a midshaft medial convexity that
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becomes straight to concave distally. Similar curvature is evident on the La Ferrassie 6 fibula, but its significance remains uncertain. Both Neandertal and European early modern
human mature fibulae exhibit varying degrees of mediolateral curvature (Heim, 1982a;
Trinkaus, 1983; Vlček, 1991).
The rugosity for the distal tibiofibular ligament is a slightly roughened area on the right
fibula, with a small raised nubbin of bone, 5.5 mm from the distal metaphysis. The left one,
in contrast, presents a raised triangular area tapering off proximally from the metaphyseal
margin, 10 mm high and 6 mm wide at the metaphysis. There is no evidence for the attachments of these ligaments on either distal tibia.
The distal metaphyses are semicircircles with rounded corners, irregularly flat, and
sloping proximally anteriorly. The distal epiphyses are flat superiorly and medially and
rounded elsewhere.

The Pedal Remains
The pedal skeletons of Lagar Velho 1 are
represented by most of the right foot (all except
some of the middle and distal phalanges) (Fig.
29-22) plus portions of the left foot. The right
foot was discovered in articulation in situ, and the
identification of anterior tarsals, phalanges and
even epiphyses is based in part on their in situ
positions.

The Tali
The right talus exhibits a modest trochlea, little lateral malleolar flare, and an apparently long
neck (Table 29-10). The proportions between the
trochlea and neck can be assessed by a comparison of trochlear length to talar length. The resultant index is 56.0 for Lagar Velho 1, which is very
similar to that of La Ferrassie 6 (58.8), as well as
that of the older Skhul 8 (59.0). The anterior
trochlear margin runs posteromedial to anterolateral, but it is unclear whether this represents a true
lateral extension of the anterior trochlea. The
medial malleolar process anterior extension is pronounced, and the dorsal neck is concave, possibly
indicating an incipient squatting facet. The sulcus
tali is broad, and a sulcus tali facet is absent [see
Trinkaus (1975a) for talar articular variations].
– Dorsal view of the right pedal remains, with the
metatarsal 1 and phalangeal epiphyses adjacent to their
metaphyses. Scale in centimeters.
FIG. 29-22
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Table 29-10
Osteometrics of the Lagar Velho 1 tali, in millimeters and degrees.
Right

Left

Length

27.5

–

Trochlear length

15.4

–

Trochlear breadth

16.5

–

Lateral malleolar oblique height

13.8

(13.0)

Head and neck length

14.0

–

Neck angle

(13°)

–

Posterior calcaneal facet length

16.6

–

Posterior calcaneal facet breadth

12.9

–

Sulcus tali minimum breadth
Body height (trochlear to posterior calcaneal minimum)

7.3

–

14.9

14.9

The Calcanei
The calcanei exhibit steep posterior talar facets with a transverse notch across the
anteroplantar edge of the facet. Both calcanei have distinct concavities distal of the tuberosity on the plantar surface.

Table 29-11
Osteometrics of the Lagar Velho 1 calcanei, in millimeters.
Maximum length

Right

Left

38.8

38.6

Body length1

24.6

22.5
Posterior talar facet breadth

–

(16.5)

Note:
1
Length from the anterior posterior talar facet to the posterior tuberosity.

The Anterior Tarsal Bones
The anterior tarsal bones are variably preserved, and all of them present articular facets
and orientations appropriate for human juvenile pedal bones.

Table 29-12
Osteometrics of the Lagar Velho 1 right anterior tarsal bones, in millimeters.
Medial
Cuneiform

Intermedial
Cuneiform

Lateral
Cuneiform

Cuboid

Proximodistal length

9.4

9.0

13.2

17.1

Mediolateral breadth

–

6.5

–

–

–

8.0

–

Navicular facet breadth
Intermedial cuneiform facet breadth

–

–

6.3

–

Cuboid facet length

–

–

4.5

–

Cuboid facet breadth

–

–

5.4

–

Metatarsal facet breadth

–

–

7.0

–
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The Metatarsal Bones
The hallucal metatarsal bones preserve
both intermetaphyseal bones plus one proximal epiphysis. The epiphysis is round and
markedly thicker on one margin than on the
other (Table 29-13). The proximal metatarsal 1
metaphysis is largely flat, with edges that flare
out (Figs. 29-23 and 29-24). The diaphyses
taper distally, reaching their minimum diameters about two-thirds of the distance distally.
The diaphyses are flat laterally and rounded
medially. The distal end presents two strong
lips, one dorsal and the other plantar, which
frame a bulbous articular subchondral middle. The lips, especially the dorsal one, are
separated from the bulbous middle by distinct
transverse grooves.

FIG. 29-23

– Plantar view of the halluces. Scale in centimeters.

FIG. 29-24

– Medial view of the right (above) and left (below) metatarsal bones. Scale in centimeters.
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Table 29-13
Diameters of the Lagar Velho 1 hallucal epiphyses, in millimeters.
Maximum thickness

Metatarsal

Proximal

Distal

3.4

1.7

2.7

Minimum thickness

1.8

–

–

Maximum diameter

9.8

8.0

7.9

Perpendicular diameter1

9.1

7.3

4.3

Note:
Diameter of the epiphysis perpendicular to the maximum diameter.

1

The lateral metatarsal bones present horizontal base angles and torsion angles which
increase progressively from the second to the fifth digits (Fig. 29-24; Tables 29-14 and 2915). The horizontal angles measure the degree to which the tarsal facets face proximomedially, and the torsion angles measure the degree of medial rotation of the dorsal heads. Both
of these features are essential elements of the formation of an arched human subtalar skeleton with an adducted hallux and a raised medial arch, and they are clear reflections of the
formation of such an anatomical feature (Trinkaus, 1975b). The configuration of these
angles in the Lagar Velho 1 metatarsals indicates the definite presence of normal human
pedal arches, loaded in a manner commensurate with a normal striding bipedal gait.

Table 29-14
Osteometrics of the Lagar Velho 1 right metatarsal bones, in millimeters and
degrees unless otherwise noted.
MT-1

MT-2

MT-3

MT-4

MT-5

28.1

31.6

31.5

30.3

28.2

Midshaft dorsoplantar height

8.7

4.8

5.1

6.3

6.2

Midshaft mediolateral breadth

7.9

4.3

4.5

4.9

5.2

Diaphyseal minimum height

7.8

4.7

4.9

5.8

5.7

Intermetaphyseal length

2

Midshaft total area (mm )

54.7

18.4

19.6

26.2

31.7

Midshaft cortical area (mm2)

39.4

16.6

16.9

21.4

26.1

15.3

1.8

2.6

4.8

5.6

Midshaft dorsoplantar second moment of area (mm )

172.0

28.0

31.0

53.3

68.7

Midshaft mediolateral second moment of area (mm4)

155.4

23.8

25.6

41.3

70.5

Midshaft polar moment of area (mm4)

327.4

51.8

56.5

94.6

139.2

Proximal maximum height

13.7

9.5

–

–

7.9

Proximal maximum breadth

10.5

Midshaft medullary area (mm2)
4

7.5

6.5

6.7

8.7

Proximal articular height1

–

–

–

7.9

Proximal articular breadth

6.3

6.3

6.7

8.7

2

Distal maximum height

11.6

–

8.1

7.7

7.0

Distal maximum breadth2

10.2

5.7

5.1

5.6

5.7

Distal ‘bulb’ height3

7.8

Distal ‘bulb’ breadth3

8.7

Torsion angle4

12°

7°

17°

27°

38°

10°

11°

–

(62°)

Base mediolateral angle5
Metatarsal 3 facet height
Metatarsal 3 facet length

6.7

Metatarsal 5 facet height

6.2

Metatarsal 5 facet length

5.1
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Notes:
1
The maximum diameters of the subchondral bone for the tarsal facet. For metatarsals 3, 4 and 5, they are equivalent to
the maximum proximal diameters.
2 For the first metatarsal, these are the maximum diameters at the base of the distal subchondral bone. For metatarsals 2
to 5, these are the diameters of the metaphysis.
3 The diameters of the central bulbous projection of the distal metatarsal 1.
4 A positive torsion angle indicates a medial rotation of the dorsal distal metaphysis.
5 A positive angle indicates a medial deviation of the tarsal facet relative to the diaphysis. It is not provided for the fourth
metatarsals given the mediolaterally rounded nature of the immature subchondral bone, and it is indicated as estimated
for the fifth metatarsal given the mediolaterally rounded facet present on that bone.

Table 29-15
Osteometrics of the Lagar Velho 1 left metatarsal bones, in millimeters and degrees,
unless otherwise noted. See notes to Table 29-14.
MT-1

MT-2

MT-3

MT-4

Intermetaphyseal length

28.1

31.5

31.8

30.2

Midshaft dorsoplantar height

8.0

4.8

4.9

5.9

Midshaft mediolateral breadth

7.9

4.2

4.2

4.7

Diaphyseal minimum height

7.6

4.6

4.9

5.5

Midshaft total area (mm2)

53.4

17.7

18.4

23.6

Midshaft cortical area (mm2)

38.1

15.8

16.0

20.2

Midshaft medullary area (mm2)

15.3

1.9

2.4

3.4

Midshaft dorsoplantar second moment
of area (mm4)

154.8

26.2

28.4

46.6

Midshaft mediolateral second moment
of area (mm4)

150.2

21.5

22.1

34.8

Midshaft polar moment of area (mm4)

305.0

47.7

50.5

81.4

Proximal maximum height

–

9.6

10.7

(9.0)

Proximal maximum breadth

–

7.0

6.6

7.2

Proximal articular height

8.8

10.7

–

Proximal articular breadth

6.1

6.6

7.2

Distal maximum height

12.2

7.8

7.9

7.7

Distal maximum breadth

(10.1)

5.6

5.2

5.6

0°

16°

33°

11°

10°

–

Distal ‘bulb’ height

7.7

Distal ‘bulb’ breadth

8.2

Torsion angle

12°

Base mediolateral angle
Metatarsal 3 facet height

7.1

Metatarsal 3 facet length

6.0

Metatarsal 5 facet height

absent

Metatarsal 5 facet length

absent

Table 29-16
Midshaft cortical thicknesses of the Lagar Velho 1 right metatarsals, measured from
radiographs, in millimeters.
Dorsal

MT-1

MT-2

MT-3

MT-4

MT-5

1.0

1.1

0.9

1.0

1.2

Plantar

1.1

1.1

1.2

0.9

1.0

Medial

1.2

1.6

1.3

1.4

1.4

Lateral

0.9

1.4

1.3

1.1

1.5

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

462

Table 29-17
Midshaft cortical thicknesses of the Lagar Velho 1 left metatarsals, measured from
radiographs, in millimeters.
MT-1

MT-2

MT-3

MT-4

Dorsal

0.8

1.3

1.1

1.0

Plantar

1.1

1.2

1.1

1.1

Medial

1.3

1.5

1.3

1.4

Lateral

0.8

1.1

1.2

1.4

In addition, the metatarsal bones present several features. The second metatarsals
exhibit a pit in the middle of each flared distal metaphysis. The third metatarsals have large
plantar proximal tuberosities with medial and lateral concavities alongside of them. The
right fourth metatarsal has distinct medial and lateral facets for the third and fifth
metatarsals, but the left one lacks a facet for the fifth metatarsal and exhibits a rugosity and
tubercle measuring 4.0 mm anteroposterior by 1.7 mm dorsoplantar in its place.

The Pedal Phalanges
The proximal hallucal phalanges have distal subchondral bone which presents a
trochlea on the medial two-thirds of the bone and then a concavity on the lateral third. This
is accompanied by a distal hallucal phalanx with a marked (21°) metaphyseal horizontal
angle, indicating a strong hallux valgus to this digit. This is a normal product of human locomotion with toe-off combined with a toeing out of the anterior foot (Barnicot and Hardy,
1955; Trinkaus, 1975b), and it is evident in adult Neandertal and early modern human halluces (Trinkaus, 1975b; Sládek et al., 2000). The curve of the proximal epiphysis would only
reduce the degree of hallux valgus slightly.

Table 29-18
Osteometrics of the Lagar Velho 1 right proximal pedal phalanges, in millimeters
and degrees.
PP-1

PP-2

PP-3

PP-4

PP-5

Intermetaphyseal length

13.5

12.7

12.0

11.5

9.3

Midshaft dorsoplantar height

4.8

3.4

3.2

3.0

3.1

Midshaft mediolateral breadth

8.3

4.0

3.9

4.3

4.0

Proximal maximum height

7.9

5.5

5.5

5.5

5.1

Proximal maximum breadth

10.3

6.0

5.6

5.8

6.0

Distal maximum height

4.9

3.1

3.0

3.4

3.4

Distal maximum breadth

8.6

5.5

4.8

4.7

4.5

Distal trochlear breadth1

6.2

4.5

3.7

3.7

3.8

Torsion angle

2°

Note:
1
The mediolateral breadth of the distal projection for the trochlea.
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Table 29-19
Osteometrics of the Lagar Velho 1 left proximal pedal phalanges, in millimeters
and degrees.
Intermetaphyseal length

PP-1

PP-2

PP-3

PP-5

13.6

12.8

12.0

9.3
3.2

Midshaft dorsoplantar height

4.7

3.2

3.2

Midshaft mediolateral breadth

7.9

4.0

3.8

4.1

Proximal maximum height

7.7

5.5

5.6

5.2

Proximal maximum breadth

9.4

6.0

5.2

5.8

Distal maximum height

4.8

3.0

3.0

3.3

Distal maximum breadth

7.9

5.3

4.6

4.4

Distal trochlear breadth

6.3

4.5

3.7

3.5

Torsion angle

2°

Table 29-20
Diameters of the Lagar Velho 1 right pedal phalangeal proximal epiphyses, plus a
right middle phalanx epiphysis, in millimeters.
PP-2

PP-3

PP-4

PP-5

MP-?

Maximum thickness

1.6

1.6

1.1

1.6

1.6

Maximum diameter

4.6

4.0

3.8

4.4

4.4

Perpendicular diameter1

4.2

3.6

3.5

4.3

4.0

Note:
1
Diameter of the epiphysis perpendicular to the maximum diameter.

Table 29-21
Osteometrics of the Lagar Velho 1 right pedal middle and distal phalanges, in
millimeters and degrees.
MP-2/3

MP-4/5

DP-1

MP/DP-?

Intermetaphyseal length

5.1

3.8

10.8

–

Midshaft dorsoplantar height

3.1

2.5

3.3

–

Midshaft mediolateral breadth

4.5

3.4

7.5

–

Proximal dorsoplantar height

3.3

3.2

5.4

3.1

Proximal mediolateral breadth

5.4

4.3

8.9

3.4

Distal dorsoplantar height

3.0

2.7

3.4

–

Distal mediolateral breadth

3.5

3.2

6.5

–

21°

–

Base mediolateral angle

The distal hallucal phalanx also exhibits a broad apical tuft and no clear flexor hallucis
longus tendon pit or tubercle, but there is a distinct plantar pit just proximal of the apical
tuft. The lateral proximal phalanges all have proximally (rather than dorsoproximally) oriented proximal metaphyses, and distal trochleae, which turn markedly plantarly. The middle phalanges are all stubby little bones.
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Summary
These considerations of the Lagar Velho 1 lower limb remains indicate a moderately
robust leg and foot that engaged in normal age-appropriate postural and locomotor behavior. The degree of robusticity, which is similar to that of other Late Pleistocene juveniles, is
reflected in the femoral neck-shaft angle, the proximal femoral muscle markings, the scaled
strength measures of the femoral and tibial diaphyses, the dorsal displacement of the tibial
plateau and musculoligamentous markings of the pedal bones. The assumption of normal
postural and locomotor behavior, in addition to those indicating the overall level of robusticity, is reflected in the femoral and tibial trabecular patterns, the femoral bicondylar angles,
the base horizontal angles and torsion angles of the metatarsals, and the hallux valgus.
The one unusual feature of the lower limb remains for a Late Pleistocene juvenile is the
relatively thin cortical bone of the femoral and tibial diaphyses, which is exceeded among the
Late Pleistocene specimens only by the Dederiyeh 2 Neandertal specimen. Yet, the subperiosteal expansion of these Lagar Velho 1 diaphyses more than adequately compensates biomechanically and provides measures of strength similar to those of other Late Pleistocene
juveniles.
In addition, the pattern of tibial versus femoral midshaft strength relative to bone
length confirms biomechanically what has been documented using bone lengths alone;
Lagar Velho 1 had relatively short tibiae similar to those of the Neandertals.
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❚ ERIK TRINKAUS ❚ CHRISTOPHER B. RUFF ❚ FRANCISCO ESTEVES ❚
❚ JOSÉ MANUEL SANTOS COELHO ❚ MANUELA SILVA ❚ MANUELA MENDONÇA ❚

The upper limb remains of Lagar Velho 1 consist principally of the left shoulder and
arm bones plus remains of both of the hand skeletons. The shoulder and arm remains of
the right arm, being the portion of the skeleton protruding furthest from the shelter wall,
were crushed into either small diaphyseal fragments or into unrecognizable pieces.
The diaphyses of the left humerus, radius and ulna were the first bones of the skeleton
discovered, in loose earth along the shelter face, and they are remarkably well preserved. The
radial proximal metaphyseal surface was lost, but otherwise the three bones have sustained
only trivial damage. The cubital epiphyses were not recovered, but the proximal humeral one
and the distal radial one (the distal ulnar one should not have been ossified yet) are preserved. The left clavicle and scapula were recovered adjacent to the upper left thorax, the latter pressed against the ribs and largely crushed.
The left hand was originally also very well preserved, but it was recovered in disturbed
deposits. The bones have been sorted on the basis of relative size and morphology, especially
in comparison with the right hand discovered in situ, even though the right hand bones
(especially the metacarpals) are far less complete.

Cross-Sectional Geometric Measurements
As noted in Chapter 29 with reference to the Lagar Velho lower limb remains, functional
assessment of long bone morphology can be enhanced through biomechanical analysis of diaphyseal cross sections. For this reason, the upper limb long bone diaphyses of Lagar Velho 1
have been analysed in terms of their cross-sectional geometric properties at several locations.
Cross-sectional geometric measurements of the left humerus, radius and ulna were
determined using computed tomographic scanning as described in Chapter 29, and they are
listed in Tables 30-4, 30-6, and 30-8, respectively (see Chapter 29 for further description of
methods). Cross section locations are determined as percentages of the “biomechanical”
length of each bone. Since these are interarticular lengths (see Ruff, 2000c for detailed
descriptions), and since the distal epiphysis of the humerus and both epiphyses of the ulna
were not yet developed, and only the distal epiphysis of one radius was recovered, it was necessary to estimate these dimensions. For the humerus, this was done using the Denver
Growth Study sample (see Chapter 25), where both biomechanical and intermetaphyseal
lengths had been measured for 4-5 year olds. The average ratio of the two lengths in this
sample is 1.0685, giving an estimated biomechanical length (with rounding) of 153 mm,
based on its intermetaphyseal length of 143 mm. No similar appropriate reference sample
was available for the radius or ulna. These bones are measured together, articulated as in
“anatomical position”, with the biomechanical length the distance from the middle of the
distal articular surface of the radius to the middle of the radial head. If the Lagar Velho 1
radius and ulna are positioned in this way, a 3 mm effective thickness for the distal radial
epiphysis is assumed (given a maximum thickness of the epiphysis of 3.5 mm), and the prox-
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imal edge of the radial notch on the ulna is used to locate the proximal surface of the radial
head, a biomechanical length estimate for the radius and ulna of 112 mm is obtained. Crosssectional properties were determined at 20%, 35%, 50%, 65%, and 80% of biomechanical
length, measured from the distal end, as well as at 40% of biomechanical length in the
humerus. This last section was included because it avoids the deltoid tuberosity and has
become a common site for intra- and interspecies comparisons (Ruff, 2000c, 2001).
Cross-sectional data for only two other Late Pleistocene humeri in the general age range
of Lagar Velho 1 are currently available — Dederiyeh 1 (2 years) and Skhul 1 (4-5 years), both
for the 40% section. Thus, possible comparisons are very limited and are confined to the
humerus. Recent juvenile samples include the Denver Growth Study sample (4-5 years, N =
20; see Chapter 25) and the Pecos Pueblo Amerindian sample (5-9 years, N = 8) (Ruff et al.,
1994).

The Left Clavicle
The left clavicle is largely
complete from the distal (acromial) surface almost to the sternal
metaphyseal surface. The proximal end was broken off obliquely
(Fig. 30-1; Table 30-1), but the
most proximal anterior edge
retains ca.1 mm of rugosity for
the proximal ligamentous attachments. The preserved length
is 70 mm, and on the basis of
this, the original intermetaphyseal length has been reconstructed to be ca.72 mm. If it was
longer originally, it is unlikely
to have been more than one or
two millimeters longer than reconstructed.
The estimated length of
the Lagar Velho 1 clavicle is similar to those of recent European samples for children of a
comparable developmental age
(Madre-Dupouy, 1992; Black
and Scheuer, 1996). It is about
FIG. 30-1 – From left to right, superior, inferior and anterior views of the left
the same length as that of the clavicle. Scale in centimeters.
slightly younger Skhul 1 (73 mm),
but much shorter than those of
the slightly older Qafzeh 10 (88 and ca.86 mm) and the younger Roc de Marsal 1 (81.8 mm)
(Madre-Dupouy, 1992; Tillier, 1999). There is clearly considerable variability in clavicular
length among these juvenile Late Pleistocene humans, although the Lagar Velho 1 clavicle is
among the shorter ones sufficiently complete to provide a length measurement.
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Table 30-1
Osteometrics of the Lagar Velho 1 left clavicle, in millimeters.
Intermetaphyseal length1
Conoid length2
Proximal anterior curvature subtense3
Mid-proximal curvature maximum diameter4
Mid-proximal curvature minimum diameter
Midclavicular maximum diameter5
Midclavicular minimum diameter
Mid-distal curvature maximum diameter6
Mid-distal curvature minimum diameter
Acromial anteroposterior diameter7
Acromial craniocaudal diameter

(72.0)
(56.0)
(4.5)
8.2
4.6
7.4
4.5
8.2
4.5
12.7
5.6

Notes:
1
Estimate based on reconstruction of the sternal metaphysis (see text).
2
The estimated distance between the conoid tubercle and the sternal end, based on reconstruction of the sternal
metaphysis.
3
Maximum subtense to the diaphyseal midpoint from the conoid length chord, following Olivier (1951-56). Estimation
due to reconstruction of sternal end.
4
Diameters taken at the estimated midpoint of the conoid length.
5
Diameters taken at the middle of the intermetaphyseal length.
6
Diameters taken between the conoid tubercle and the acromial end.
Diameters of the acromial end of the clavicle.

The Proximal Diaphysis
The Lagar Velho 1 clavicular diaphysis has a clear, if not very pronounced, anteroposterior ‘S’ curve. As with adult clavicles, this needs to be considered in terms of the anterior curvature of the proximal portion (the section between the costosternal articulation and the
conoid tubercle), since that represents the true diaphysis of the bone (Ljunggren, 1979). The
modest degree of anterior curvature of the conoid length portion is indicated by an index
(subtense/chord) of 8.0. The modest curvature is combined with a strong torsion of the
bone, ca.60° between the maximum diameter of the proximal end and the acromial end.
The surfaces of the clavicular diaphysis are clearly delineated by angles or crests.
Proximally, the superior surface is divided into anterior and posterior planes, each being
largely flat. The posterior one is smaller, and it diminishes distally to disappear by midshaft.
There is a clear line between these two surfaces. Inferiorly, there are anterior and inferior surfaces that have a rounded edge between them and remain symmetrical along the diaphysis.
The anterosuperior and anteroinferior planes of the proximal diaphysis are slightly concave, accentuating a raised pectoralis major muscle ridge. The edge is not rugose; it remains
smooth except for a slightly raised area just distal of the flare for the sternal end. Yet, the edge
is distinctly anteriorly directed along ca.32 mm and has a measurable craniocaudal thickness
of 2.2 mm. Posteriorly, there is a slightly raised edge inferiorly adjacent to the postmortem
break, which may be what remains of the costoclavicular facet. The posterosuperior edge has
a modest rugosity, which may have been for the sternocleidomastoideus muscle.
As the diaphysis goes distally toward the region of the conoid tubercle, the superior surface becomes gently convex, whereas the inferior surface remains divided into distinct anterior and posterior planes. There is a small nutrient foramen entering the bone in a distal
direction in the middle of the caudal surface, about two-thirds of the distance along the diaphysis to the conoid tubercle.
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The distal portion of the diaphysis is notable for an extra foramen on the posterosuperior corner of the bone (Figs. 30-1 and 30-2). It is located 27.5 mm from the distal (acromial) end, and it passes between the superior and posterior surfaces of the bone, resulting in a
raised edge along the border. This almost certainly represents a canal for the supraclavicular nerve, which has been noted as an uncommon but not exceptional variant in recent
human adult clavicles (Parsons, 1917; dos Santos, 1927). In two pooled samples of recent
European adult right and left clavicles, it occurred in 2.4% (N = 286) and 6.2% (N = 259).
Data are unavailable for its occurrence in juveniles, but since ossification of the clavicle
occurs relatively early, it is likely that frequencies in juvenile and adult samples would be
similar.

FIG. 30-2

– Detail of the clavicular foramen, probably for the supraclavicular nerve.

The Distal Portion
Distally, from the conoid tubercle to the acromial end, the superior surface is generally smooth and gently convex anteroposteriorly. There is a small lip of bone for the deltoideus muscle near the middle of the distal portion. Inferiorly, there is a ridge of bone
along the posteroinferior corner, which becomes a downward turned edge between the
conoid tubercle and the acromial end. This posteroinferior edge produces an anteroposterior concavity, which is 0.7 mm deep across a distance of 6.9 mm adjacent to the conoid
tubercle.
The conoid tubercle itself is minimally projecting and can be discerned principally by
the curvature of the posteroinferior border and a slight swelling along the inferior surface of
the bone. There is no trace of the trapezoid ligament line.
The acromial surface thickens inferiorly and broadens anteriorly, but otherwise it is
unremarkable, being minimally rugose.
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The Left Scapula
The left scapula was crushed up against the
left thorax, and it was separated from the adjacent
ribs during fossil preparation in the laboratory. The
resultant pieces are the lateral portion of the spine,
lacking the acromion, and most of the axillary border with adjacent areas of the infraspinatus/subscapularis bone (Fig. 30-3). The axillary border and
the immediately adjacent infraspinatus surface
bone up to ca.25 mm from the lateral edge are reasonably intact. The remainder of the piece, however, consists of small fragments preserved in consolidated matrix, held in place in their approximate in
situ position by preservative. Since the joins
between the more medial fragments are not readily
apparent and the bone is eroded, it was decided to
leave it partially clean rather than risk complete loss
of that portion of the scapula.

The Lateral Spine
The lateral spine exhibits a distinct cranial
concavity, and it has little rugosity of its muscular
surfaces. The minimum thickness across the lateral edge of the spine, dorsal of the glenoid fossa, is
5.0 mm, and the craniocaudal dimension of the
spine directly above the glenoid fossa area is 8.2
mm.

The Axillary Border
The axillary border is straight, and then it
curves sharply laterally for the teres major muscle
origin. Its maximum thickness is ca.4.5 mm. The
dorsal surface of the border is evenly convex mediFIG. 30-3 – Dorsal (top) and ventral (bottom) views of
olaterally along the lateral 6.6 mm of the edge. It
the left scapula. The axillary border is undeformed,
then becomes mediolaterally flat as one goes medi- but the remainder of the infraspinatus piece
ally. In turn, it is bordered medially by a sulcus is crushed and distorted. The lateral spine piece
between it and the infraspinatus surface. There is is positioned approximately relative to the
remainder of the scapula. Scale in centimeters.
no evidence for a dorsal sulcus or slight concavity.
The ventral surface of the border is more strongly
convex than the dorsal one, along ca.10 mm of the lateral edge. The most prominent portion
of the convexity is in the middle of that convexity superiorly, ca.6 mm from the lateral edge.
As it goes inferiorly, the most prominent ventral ridge moves gently laterally, to be ca.4 mm
from the edge at the cranial end of the teres major area.
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There is no mediolateral concavity to the axillary border either dorsally or ventrally, a
concavity which could be seen as a precursor of a sulcus. The dorsal side is flatter, and the
ventral side is rounder and more projecting. The lateral edge is more dorsal when the scapula is viewed laterally. This morphology makes it unlikely that the individual would have
developed the strictly dorsal sulcus morphology such as is seen in most of the Neandertals
(Trinkaus, 1983; Churchill, 1994). However, it is not possible to determine whether it would
have developed into the ventral sulcus pattern most common among recent humans
(Trinkaus, 1977; Churchill, 1994) or into a variety of the bisulcate pattern largely present
among early modern humans (including European Gravettian specimens) (Matiegka, 1938;
Churchill, 1994; Trinkaus, 2000b) but also found among the Neandertals (Trinkaus, 1983).

The Left Humerus
The Lagar Velho 1 left humerus
preserves a remarkably complete diaphysis, which sustained only trivial
edge damage postmortem (Figs. 30-4
to 30-6; Tables 30-2 to 30-4). There is
no trace of the distal epiphysis (or its
portions), given the disturbance of
the sediment in that region of the
burial. The proximal head epiphysis
was identified adjacent to the scapula,
and it exhibits a largely formed capitular portion. There is no trace of the
greater tubercle center of ossification;
it may have been crushed and/or not
appropriately identified, it may have
been partially fused to the head along
the now damaged border and subsequently eroded away postmortem, or
it may have been about to fuse along
one of the margins. By the age-atdeath of Lagar Velho 1, both the capitular and greater tubercle epiphyses
should have been partially ossified,
although fusion between them may
not have commenced (they normally
fused between 5 and 7 years postnatal) (Scheuer and Black, 2000).

– Anterior (left) and posterior (right) views
of the left humerus, with the proximal epiphysis
in proximal view positioned next to the proximal
metaphysis in the anterior view. Scale in
centimeters.
FIG. 30-4
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– Medial (left) and lateral (right) views
of the left humerus. Scale in centimeters.
FIG. 30-5

– Anteroposterior radiographs of, from right to left, the left
humerus, radius and ulna.
FIG. 30-6

Table 30-2
Osteometrics of the Lagar Velho 1 left humerus, in millimeters and degrees.
Intermetaphyseal length
Biomechanical length1
Proximal metaphyseal anteroposterior diameter (minimum)
Proximal metaphyseal mediolateral diameter (maximum)
Mid-proximal (pectoralis major) diaphyseal maximum diameter2
Mid-proximal (pectoralis major) diaphyseal minimum diameter
Midshaft maximum diameter
Midshaft minimum diameter
Mid-distal minimum circumference3
Mid-distal maximum diameter
Mid-distal minimum diameter
Olecranon fossa breadth
Olecranon fossa depth (from breadth)
Olecranon fossa perforation
Coronoid fossa breadth
Radial fossa breadth
Medial pillar thickness
Lateral pillar thickness
Metaphyseal cubital angle4
Metaphyseal torsion angle
Proximal epiphyseal proximodistal thickness
Proximal epiphyseal maximum transverse diameter

143.0
(153.0)
16.2
24.9
12.8
8.1
11.4
9.2
33.0
10.7
10.5
16.8
6.2
absent
9.0
(8.4)
3.7
6.6
(90°)
151°
8.7
16.3
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Notes:
1
Length parallel to diaphysis from proximal surface of humeral head to distal projection of lateral lip of trochlea
(estimated — see text).
2
Taken at 75% of the intermetaphyseal length (0% is distal).
3
Taken at 31% of the intermetaphyseal length (0% is distal).
4
Estimation due to anterior erosion of the distal metaphysis.

The Proximal Epiphysis
The preserved proximal epiphysis is evenly convex superiorly and flat along the epiphyseal cartilage surface. Its form is age-appropriate for an early juvenile (Scheuer and
Black, 2000).

The Proximal Metaphysis
The metaphyseal surface is elongated in an anterolateral to posteromedial direction.
The minimum diameter is 65.1% of the maximum metaphyseal diameter. This reflects a
posteromedial diaplacement of the head relative to the diaphysis, one that may have been
associated with an apparent projection of the greater and lesser tubercles (or their partly ossified and largely cartilagenous precursors) for the rotator cuff muscles. There is a strong
proximally directed peak near the middle of the metaphysis, in line proximodistally with the
medial cortical bone of the diaphysis. The peak extends ca.8.5 mm above the metaphyseal
edge. The contained trabeculae show a modest degree of organization in the several millimeters just below the metaphyseal surface (Fig. 30-6).
There is also a clear but moderate torsion of the head metaphysis relative to the distal
one (151°). Torsion angles are unavailable for immature Late Pleistocene humeri, but adult
samples (assuming consistent patterns from juvenile to adult years) provide lower but variable values for Neandertal adults [135.8° ± 8.2°, N = 6 (Heim, 1982a; Vandermeersch and
Trinkaus, 1995)] than for Gravettian adults [144.8° ± 12.9°, N = 8 (Matiegka, 1938; Sládek et
al., 2000; Trinkaus, 2000b)], despite considerable overlap between the samples.

The Diaphysis
The diaphysis is essentially straight mediolaterally (in anteroposterior view). The bone
exhibits a straight proximal diaphysis anteroposteriorly (in mediolateral view), with a moderate anterior curving distally.
Dorsally, the diaphysis is gently convex from the surgical neck to the supraolecranon flattening. There is no trace of a ridge for the medial head of the triceps brachii muscle or of a “radial nerve” sulcus. The medial surface presents a narrow convexity from distal of the head metaphysis to the medial supracondylar pillar. Laterally, the diaphysis is evenly convex, rotating from
posterolateral proximally to anterolateral distally. There is a small nutrient foramen on the lateral surface, located 21 to 25 mm distal of the lateral proximal metaphyseal edge, entering the
cortical bone distally, and 0.9 mm wide. The deltoid tuberosity is present as a slightly rugose
surface irregularity entirely within the convex contour of the lateral diaphysis. The rugosity
remains on the lateral surface, and it does not curve to the anterior edge of the diaphysis. It is
ca.23 mm long and 3-4 mm maximally wide; the estimates are due to slight surface erosion
combined with the minimal distinction between it and the adjacent subperiosteal bone.
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The anteromedial diaphyseal surface presents several features of interest. Proximally,
extending ca.40 mm from the proximal metaphyseal margin, there is a strong concavity along
the anterior half of the surface. It has a maximum breadth of 6 mm and a depth of 0.6 mm.
It corresponds to the intertubercular sulcus, but there is no corresponding notch in the adjacent metaphysis. This sulcus is bordered laterally by a marked rugosity along the medial side
of the anterior ridge (or anterior edge of the anteromedial surface) (Fig. 30-7). The rugosity is
51 mm long, starting 16 mm distal of the proximal metaphyseal edge. Its maximum breadth
is 5.4 mm, occurring ca.27 mm below the anterior metaphyseal margin. The rugosity is clearly for the pectoralis major muscle, and the pronounced sulcus medial of it may have been
formed in part by a raising of the ridge of bone under the pectoralis major tuberosity. Indeed,
in the region of the rugosity, the index of maximum to minimum diameters is 158.0, indicating the degree to which the diaphysis is expanded anteromedially in this region.
Pectoralis major tuberosities are consistently pronounced among adult Neandertals,
but are much less evident among early modern humans, with only a little overlap between the samples in relative tuberosity size
(Churchill and Smith, 2000a; Trinkaus,
2000c). They are also relatively pronounced
in immature archaic humans, including the
juvenile La Ferrassie 6 and Roc de Marsal 1
and the adolescent La Crouzade 1 specimens
(de Lumley, 1973; Heim, 1982b; MadreDupouy, 1992), as well as the late Middle
Pleistocene late archaic Irhoud 4 juvenile
(Hublin et al., 1987). The La Ferrassie 6 juvenile humerus provides a maximum to
minimum index across the pectoralis major
tuberosity of 163.0, similar to that of Lagar
Velho 1.
The Qafzeh 10 juvenile humerus and
(probably, due to damage) the Skhul 1 humeri
present little development of either the sulcus
or the rugosity seen on the Lagar Velho 1
humerus (McCown and Keith, 1939; Tillier,
1999). Data on Gravettian juvenile humeri
are lacking, but some rugosity of the pectoralis major tuberosity is seen in late Upper
Paleolithic juvenile humeri [e.g., Fanciulli
(Grotte-des-Enfants) 2 but not Fanciulli 1
(Henry-Gambier, 2001)], possibly associated
with generally greater robusticity of late
Upper Paleolithic humeri relative to earlier
Upper Paleolithic ones (Churchill, 1994; Holt
et al., 2000).
There are two nutrient foramina on
the anterior surface. One is between 41 and
FIG. 30-7 – Proximoanterior view of the left humerus. Scale in
centimeters.
47 mm from the anterior metaphyseal mar-
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gin, 0.9 mm wide, and located on the posterior half of the anteromedial surface. The other
is further distal, between 76.5 and 80.5 mm from the anterior proximal metaphyseal margin, 1.0 mm wide, and located in the middle of the anteromedial surface.
Metrically, there is little to separate the few juvenile Late Pleistocene humeri that
provide measurements. A midshaft minimum to maximum diameter index of 80.7
places Lagar Velho 1 close to Roc de Marsal 1 (80.4) and slightly below the value (82.2)
for Qafzeh 10. A robusticity index [(midshaft max. x min.)1/2 / intermetaphyseal length]
provides a value of 7.16 for Lagar Velho 1 which is close to a Skhul 1 estimated value
(7.09), above that of Qafzeh 10 (6.97) and below the estimated value for Roc de Marsal 1
(7.84).
As noted earlier, comparative cross-sectional data for other Late Pleistocene juvenile
humeri are very limited. Fig. 30-8 shows percent cortical area for the 40% (mid-distal)
humeral location in Lagar Velho 1, Dederiyeh 1, Skhul 1 and the two recent comparative
samples. All three Late Pleistocene specimens are fairly close in %CA, although Lagar
Velho 1 is the lowest, and all three are close to the Pecos mean but at the lower edge of
the range for the Denver sample. Thus, Lagar Velho 1 has relatively thin humeral cortices
but not to the same extent as in the lower limb (Chapter 29). Mid-distal humeral anteroposterior to mediolateral bending strengths (section moduli) for Lagar Velho 1 and comparative specimens are shown in Fig. 30-9 (for recent specimens, only the Pecos and not
the Denver samples could be used for reasons explained in Chapter 29). A theoretical line
indicating equivalent strengths in the two planes is also plotted. Most of the data points
cluster around this line, indicating relatively circular cross sections at this diaphyseal
location (the average ratio of anteroposterior to mediolateral bending strength in the
Pecos sample is 1.08, not significantly different from 1.0). The three Pleistocene specimens are quite close to each other and on this basis are not distinguishable.

FIG. 30-8 – Humeral 40% location percent cortical area in
Lagar Velho 1 and other Late Pleistocene and recent
juveniles (see text for list of specimens included).
Horizontal lines indicate sample means.
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FIG. 30-9 – Humeral 40% location anteroposterior (A-P) relative
to mediolateral (M-L) bending strengths (section moduli) in
Lagar Velho 1 and other Late Pleistocene and recent juveniles.
Star: Lagar Velho 1; large square: Neandertal (Dederiyeh 1);
circle: early modern (Skhul 1); small squares: recent (Pecos).
Theoretical line with slope of 1.0 and intercept of 0 plotted.

Given the very small samples available, questions regarding the most biomechanically appropriate “size” measure to use for upper limb bones (Ruff et al., 1993; Churchill,
1994; Ruff, 2000c), and the lack of body mass estimates for any of the Late Pleistocene
individuals with sufficiently intact humeri except Lagar Velho 1, comparisons of humeral cross-sectional properties relative to body size measures are not presented here.
However, it can be stated that relative to either bone length or body mass times bone
length, the Lagar Velho 1 humerus falls within the general range represented by recent
and Late Pleistocene specimens, i.e., it appears neither particularly “weak”, nor “strong”
relative to body size.

Table 30-3
Midshaft cortical thicknesses of the Lagar Velho 1 left humerus, ulna and radius, in
millimeters, from radiographs.
Humerus

Ulna

Radius

1.7

1.5

1.5

Posterior

2.2

1.7

1.2

Medial

2.2

1.5

1.8

Lateral

1.5

(1.0)1

(1.7)2

Anterior

Notes:
1
Estimated due to trabecular bone along the lateral midshaft.
2
Taken at the distal end of the lateral diaphyseal minor trauma (see Chapter 31).

Table 30-4
Cross-sectional geometric parameters of the Lagar Velho 1 left humerus. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.
20%

35%

40%

50%

65%

80%

Total area

109.6

87.1

86.4

83.9

88.0

89.2

Cortical Area

48.6

44.9

45.8

46.0

46.7

40.4

Medullary Area

61.1

42.2

40.6

38.0

41.3

48.9

Anteroposterior second moment of area (Ix)

587.5

485.3

480.7

470.4

451.4

375.8

Mediolateral second moment of area (Iy)

780.9

450.4

453.8

434.2

538.9

634.0

Maximum second moment of area (Imax)

797.2

499.1

512.9

529.2

632.3

741.2

Minimum second moment of area (Imin)

571.1

436.7

421.6

375.4

358.0

268.6

Polar moment of area (J)

1368.3

935.7

934.5

904.6

990.3

1009.8

Orientation of Imax (theta)

-15.6

62.0

53.6

51.8

35.7

28.4

Anteroposterior section modulus (Zx)

96.0

84.2

82.8

79.9

83.0

70.0

Mediolateral section modulus (Zy)

113.6

83.9

84.6

82.0

92.7

98.3

The Distal Portion
The Lagar Velho 1 humerus presents a broad and deep olecranon fossa, with a
smooth and rounded proximal margin, a largely rounded lateral margin, but an angled
medial margin. The lateral pillar is much larger than the medial one, with its minimum
breadth being 1.78 times that of the medial side. There is a distinct coronoid fossa anteriorly with clear medial, lateral and proximal margins. The radial head fossa is readily
apparent, but its margins grade into the anterior distal surface. There are no supracondylar crests formed, but a distinct line is present on the lateral side (the medial side is partly damaged).
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The Left Ulna
The left ulna retains an essentially complete diaphysis, from the proximal olecranon
surface to the distal metaphysis (Fig. 30-10; Table 30-5). Since the proximal (triceps
brachii) and distal (articular) epiphyses do not begin ossification until sometime after the
probable age-at-death of Lagar Velho 1 [5-7 years proximally and 8-10 years distally
(Scheuer and Black, 2000)], it is not surprising that neither of them has been recovered.
The diaphysis was snapped postmortem just distal of midshaft, but it has reassembled
without difficulty.

– Anterior views of the left ulna and radius (left) and medial view of the radius and lateral view of the ulna (right).
Scale in centimeters.
FIG. 30-10
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Table 30-5
Osteometrics of the Lagar Velho 1 left ulna in millimeters.
Intermetaphyseal length
Biomechanical length

1

Mid-trochlear notch to head metaphysis (biomechanical length)

122.7
(112.0)
115.0

Coronoid articulation to head metaphysis (articular length)

(110.5)

Olecranon to distal minimum dorsal curvature chord

110.0

Olecranon to distal minimum dorsal curvature subtense

3.5

Olecranon to distal minimum dorsal subtense position (to proximal)

27.0

Coronoid to distal minimum dorsal curvature chord

90.0

Coronoid to distal minimum dorsal curvature subtense

1.0

Coronoid to distal minimum dorsal subtense position (to proximal)

25.0

Midshaft anteroposterior diameter

7.5

Midshaft mediolateral diameter

6.7

Distal pronator quadratus anteroposterior diameter

6.0

Distal pronator quadratus mediolateral diameter

5.8

Mid-trochlea to dorsal proximal surface

8.9

Coronoid height

9.5

Olecranon breadth

10.1

Mid trochlear notch minimum breadth
Coronoid breadth
Radial facet anteroposterior diameter
1

8.3
(13.0)
5.6

Same as radius biomechanical length — see text and Table 30-7.

The Proximal Portion
The whole of the articular area of the proximal ulna is deviated slightly volarly and
medially. This produces a greater degree of diaphyseal curvature when the chord is taken
from the dorsal olecranon than when it goes from the dorsal coronoid process (Table 30-5).
The olecranon process rises volarly little above the floor of the trochlear notch, a pattern seen in Neandertal, early modern human and recent human juvenile ulnae (Heim,
1982b; Madre-Dupouy, 1992; Scheuer and Black, 2000) despite the contrasts in trochlear
orientation among late archaic versus early modern human mature proximal ulnae
(Churchill et al., 1996). The trochlear notch has a mediolaterally rounded proximal margin, exhibits a clear mediolateral constriction midway proximodistally, and broadens distally across the coronoid process. The distal broadening consists especially of a medial
flare of the coronoid process. The radial facet is a parallelogram that is concave dorsovolarly (Figs. 30-10 and 30-11).
Just distal of the coronoid process, there is a strong anterior crest or ridge which
extends from the middle of the coronoid process distally along the anterior diaphysis. It
fades into the anterior diaphyseal surface ca.21 mm from the coronoid process edge. The
brachialis muscle surface medial of the ridge is smooth and slightly concave. Lateral of
the ridge there is a distinct oval fossa between the supinator crest and the anterior ridge,
9 mm long and 6 mm wide. The supinator crest is clearly present from the proximal end
of the radial facet onto the proximal diaphysis. Its rugosity extends for 15.5 mm from the
proximal radial facet. The posteromedial and posterolateral surfaces are concave and convex respectively but smooth.
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FIG. 30-11

– Anterior view of the proximal left ulna (left) and anterior view of the distal left ulna (right). Scale in centimeters.

The Diaphysis
The diaphysis presents a gentle ‘S’ curve in anteroposterior view, and it is essentially
straight in mediolateral view (Fig. 30-10). The midshaft cross section is subtriangular with a
crest angulation at the interosseus crest. The anterior and posterolateral surfaces are modestly convex, whereas the posteromedial one is flat. Distally, the interosseus crest becomes
rounded but more rugose.
Anterolaterally on the distal diaphysis there is a distinct, if small, pronator quadratus
crest. It spirals across the diaphysis from anteromedial to more directly medial. The line is
ca.1.4 mm wide and is sufficiently raised to create an open angle on the anteromedial distal
diaphysis (Fig. 30-10). Among Late Pleistocene adult humans, Neandertals consistently have
pronounced pronator quadratus crests (Trinkaus, 1983), whereas they are more variably
developed among early modern humans. The early appearance of this crest on the Lagar
Velho 1 distal ulna suggests a pronounced pronator quadratus muscle for so young an individual, but it is unclear to what extent it would have developed the more prominent crest
seen in Neandertal adults and a minority of mature early modern humans. However, the
similarly aged La Ferrassie 6 Neandertal ulna has barely a trace of the pronator quadratus
attachment.
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Using the midshaft diameters [(AP x ML)1/2 / max.len.], it is possible to compute a
robusticity index of 5.8 for the Lagar Velho 1 ulna. The same index for Roc de Marsal 1 and
La Ferrassie 6 is 7.4 and 7.2 respectively and 6.6 for Qafzeh 10. The Lagar Velho 1 diaphysis
therefore appears to be gracile compared to these other Late Pleistocene juvenile ulnae.
Since no comparative cross-sectional data for other Late Pleistocene juvenile ulnae are available, the ulnar cross-sectional data for Lagar Velho 1 are only presented for future analysis
(Table 30-6)

Table 30-6
Cross-sectional geometric parameters of the Lagar Velho 1 left ulna. Areas in mm2,
second moments of area in mm4, section moduli in mm3, theta in degrees.
Total area

20%

35%

50%

65%

80%

25.5

29.0

36.1

44.1

56.6

Cortical Area

15.3

18.3

22.1

26.2

31.5

Medullary Area

10.2

10.7

14.0

17.9

25.1

Anteroposterior second moment of area (Ix)

43.7

67.3

95.0

149.0

281.9

Mediolateral second moment of area (Iy)

44.0

50.2

83.6

111.7

148.6

Maximum second moment of area (Imax)

47.2

69.7

101.0

149.0

282.2

Minimum second moment of area (Imin)

40.5

47.8

77.5

111.7

148.3

Polar moment of area (J)

87.7

117.5

178.5

260.7

430.5

Orientation of Imax (theta)

43.6

70.9

59.6

88.9

-87.1

Anteroposterior section modulus (Zx)

14.4

19.9

26.0

36.8

56.1

Mediolateral section modulus (Zy)

14.9

17.4

23.1

29.5

40.8

The Radii
The left radial diaphysis is complete except for the proximal metaphysis, which was lost
postmortem (Fig. 30-10; Table 30-7). Even though none of the proximal metaphysis is present, the medial flare and rugosity at the break indicates that it was very close to the original
surface. One millimeter has therefore been added to the preserved length to provide an estimated intermetaphyseal length of 105.5 mm. If anything, this estimate is likely to underestimate the intermetaphyseal length by a millimeter or so.

Table 30-7
Osteometrics of the Lagar Velho 1 left radius in millimeters and degrees.
Intermetaphyseal length1

(105.5)

Biomechanical length2

(112.0)

Diaphyseal curvature chord (lateral and dorsal)

80.0

Diaphyseal lateral curvature subtense

(1.2)

Diaphyseal dorsal curvature subtense
Proximal shaft anteroposterior diameter

1.5
3

7.2

Proximal shaft mediolateral diameter

7.8

Interosseus crest anteroposterior diameter

6.9

Interosseus crest mediolateral (maximum) diameter

8.6

Distal shaft minimum anteroposterior diameter

6.7

Distal shaft minimum mediolateral diameter
Head-neck length1
Neck anteroposterior diameter

7.7
(17.2)
8.1
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Table 30-7 [cont.]
Neck mediolateral diameter

8.0

Tuberosity length

12.1

Tuberosity breadth

7.3

Tuberosity position4

2

Maximum diameter across the tuberosity and shaft

9.8

Minimum diameter across the shaft at the tuberosity

7.7

Neck-shaft angle

5°

Distal metaphyseal anteroposterior diameter

10.8

Distal metaphyseal mediolateral diameter

15.7

Distal epiphyseal proximodistal maximum thickness

3.5

Distal epiphyseal anteroposterior diameter

7.8

Distal epiphyseal mediolateral diameter

10.8

Notes to Table 30-7:
1
Estimation due to absence of the proximal metaphyseal surface. Given the flare for it preserved, the original
metaphyseal surface was ca.1.0 mm from the preserved proximal end. One millimeter has therefore been added to the
preserved intermetaphyseal (105.5 mm) and head-neck (16.2 mm) lengths.
2
Length from the center of the radial head articular surface to the center of the radiocarpal articular surface (estimated
— see text).
3
Diameters taken midway between the radial tuberosity and the proximal end of the interosseus crest (Trinkaus, 1983).
4
Position of the interosseus crest relative to the dorsovolar third of the tuberosity. Position 2 indicates that the crest is in
line with the dorsal third of the tuberosity.

This diaphysis is joined by a largely complete right distal epiphysis and diaphyseal fragments of the right radius. The left radius sustained a minor traumatic injury to the lateral
midshaft, which altered slightly the lateral diaphyseal surface contour but did not affect the
rest of the bone (see Chapter 31).

The Proximal Portion
The radial neck is round, with its diameters (anteroposterior versus mediolateral) providing an index of 101.3. The two juvenile Neandertals providing data, Roc de Marsal 1 and
La Ferrassie 6, have wider necks (indices of 96.3 and 93.8 respectively), whereas two early
modern human juveniles, Qafzeh 10 and Skhul 1, provide indices of 105.1 and 112.3.
The estimated neck length of 17.2 mm for Lagar Velho 1 is moderately long. Its relative
length is indicated by its index relative to intermetaphyseal length (ca.16.3); this value is
above those of Skhul 1, Qafzeh 10 and Roc de Marsal 1, all three of which provide indices of
ca.13.3. Neandertal adults have relatively longer radial necks than early modern humans
(Trinkaus, 2000c), which are influenced by both their radial neck lengths and their short
radial lengths. Given the moderately low brachial proportions of Lagar Velho 1, it remains
unclear whether it had a long radial neck length compared to these other Late Pleistocene
juvenile specimens.
The radial tuberosity is a prominent nubbin of bone. It has clear borders with the adjacent diaphysis and neck. There is a raised ridge extending distally onto the anteromedial diaphysis, but the proximal diaphysis is otherwise rounded.
The radial tuberosity is positioned anteromedially, such that its dorsal third is in line
with the interosseus crest [position 2 (Trinkaus and Churchill, 1988)] (Figure 30-12). This is
the most common position encountered in earlier Upper Paleolithic adult radii, of whom
79.6% (N = 27) exhibit this radial tuberosity position and the other radii have it more anteriorly placed. In contrast, only 43.8% (N = 8) of European Neandertal adults (including La
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Quina 5, Spy 1, the left radius of Régourdou 1 and the
chronologically late Saint-Césaire 1) have the anteromedially oriented radial tuberosity, whereas the others have
it oriented directly medially (Churchill, 1994). For the
Near Eastern Neandertals, only one (Shanidar 4) has the
anteromedial orientation, whereas all of the others
exhibit the directly medial orientation (N = 6) (Churchill,
1994). Among immature Neandertals, four early juvenile specimens (Cova Negra 4, Dederiyeh 1, La Ferrassie
6 and Roc de Marsal 1) have the medially oriented
tuberosity, whereas among three later juvenile specimens (La Ferrassie 3, Hortus 43 and Macassargues 1)
two have the medial tuberosity orientation and one has
the anteromedial position. The Skhul 1 and Qafzeh 10
radii both have the anteromedial orientation of the tuberosity. The Lagar Velho 1 orientation therefore is more
commonly found among early modern [and recent
(Churchill, 1994)] immature and mature radii; however,
it also occurs in a significant minority of the Neandertals. Moreover, the arrangement seen in Lagar Velho
1 is also found in the one Upper Paleolithic Neandertal
radius known, that of Saint-Césaire 1.

The Diaphysis
The diaphysis presents a clear but not prominent
interosseus crest, providing a tear-dropped cross section
along the proximal and middle shaft. There is a minimal
sulcus on the anterior side of the crest for 23 mm of the
middle of the crest, but otherwise the interosseus crest
is not separated from the contours of the shaft.
The lateral curvature of the shaft is modest (the estimation of the subtense is due to correction for the minor
diaphyseal trauma). There is also a slight dorsal convexity
to the shaft. In its degree of curvature, it contrasts with the
pronounced lateral radial curvature seen in most (but not
all) mature Neandertal radii, and it resembles most adult
early modern human radii. However, the Neandertal Cova
Negra 4 and Roc de Marsal 1 radii exhibit levels of lateral
curvature similar to the Lagar Velho 1 one (MadreDupouy, 1992; Arsuaga et al., 2001a), and the degree of
lateral curvature of the La Ferrassie 6 radius is not much
greater (Heim, 1982b). It is only in the older immature
specimens, such as La Ferrassie 3, that the lateral curvature evident in the adults becomes readily apparent.
An index of robusticity [(shaft AP x ML)1/2 / max.len.]
provides a value of 7.3 for Lagar Velho 1. This value is

FIG. 30-12 – Medial view of the proximal left
radius, showing the relationship of the
interosseus crest and the radial tuberosity.
Scale in centimeters.
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above those of Skhul 1 (5.6), Cova Negra 4 (5.8), Qafzeh 10 (6.3) and Roc de Marsal 1 (6.7), in
contrast to its rather gracile ulnar robusticity index compared to two of the same Late
Pleistocene juvenile specimens. Since there are no comparative data available for juvenile radial cross sections, the cross-sectional data for the Lagar Velho 1 left radius are only presented in
tabular form (Table 30-8).

Table 30-8
Cross-sectional geometric parameters of the Lagar Velho 1 left radius. Areas in
mm2, second moments of area in mm4, section moduli in mm3, theta in degrees.
20%

35%

50%

65%

80%

45.5

39.3

39.0

44.8

54.3

Cortical Area

21.4

22.9

24.3

23.3

21.3

Medullary Area

24.0

16.4

14.7

21.5

33.0

Anteroposterior second moment of area (Ix)

90.2

94.6

96.4

101.7

148.0

Mediolateral second moment of area (Iy)

157.3

110.0

117.3

149.1

145.5

Maximum second moment of area (Imax)

159.7

114.3

121.4

153.3

163.0

Total area

Minimum second moment of area (Imin)

87.8

90.3

92.4

97.6

130.5

Polar moment of area (J)

247.5

204.6

213.8

250.9

293.5

Orientation of Imax (theta)

-10.6

-25.0

-21.9

-15.8

-47.2

Anteroposterior section modulus (Zx)

26.1

26.8

25.0

27.9

34.3

Mediolateral section modulus (Zy)

35.1

28.3

29.6

34.6

33.5

The Distal Portion
The distal metaphysis is straight across the volar edge and evenly convex around the
dorsal sides. The metaphysis flares volarly from the adjacent diaphysis, and there is a
slight rugosity 3-4 mm from the metaphyseal edge on the dorsal side. The metaphyseal
surface is largely flat, and it is turned medially 5° relative to the perpendicular to the
shaft axis.

The Hand Remains
The hand remains consist of an incomplete set of well preserved left carpals,
metacarpals and phalanges and a more complete but individually less well preserved set of
right hand bones (Chapter 13; Figs. 30-13 to 30-15; Tables 30-10 to 30-17). The metacarpals
and phalanges of the right hand were identified as to digit in situ, and those identifications
are secure. The left metacarpals and phalanges were mixed in situ, and they have been
assigned to digit based on size and morphological comparisons to the preserved right bones.
The carpal bones are all incomplete with eroded surfaces; they have been tentatively identified based on overall shape and with respect to which carpal bones are ossified in a 4 to 5
year old recent human child (Greulich and Pyle, 1959). On the basis of this, the larger ones
represent the hamate and the capitate, and the smaller ones the lunate and triquetral. The
carpal bones and their overall dimensions are listed in Chapter 13, and they are not considered further here.
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Overall Hand and Thumb Proportions
There are limited comparative data for hand proportions in Late Pleistocene juveniles
(Heim, 1982b; Madre-Dupouy, 1992; Tillier, 1999; Trinkaus, pers. observ.), but some data
exist for the Skhul 1 and Qafzeh 10 and 21 early modern humans and the La Ferrassie 6 and
Roc de Marsal 1 Neandertals. In addition, limited data exist for the older La Ferrassie 3 and
Qafzeh 11 late juveniles (Table 30-9).

Table 30-9
Length indices for metacarpals and phalanges of Late Pleistocene immature
remains. Intermetaphyseal lengths used for the younger juveniles; interarticular
lengths employed for the older La Ferrassie 3 and Qafzeh 11 remains.
MC-3 / Radius

MC-1 / MC-3

PP-1 + DP-1 / MC-1

DP-1 / PP-1

74.6

Lagar Velho 1

26.7

70.2

118.2

La Ferrassie 6

–

(67.0)

–

–

26.9

70.2

137.2

69.8
87.3

Roc de Marsal 1
Qafzeh 21

–

–

130.0

Skhul 1

22.5

(63.7)

–

–

Qafzeh 10

23.6

77.0

133.8

65.7

–

(60.6)

(134.6)

93.7

(27.3)

(109.7)

(71.9)

72.7

La Ferrassie 3
Qafzeh 11

Using metacarpal 3 length as a proxy for hand length, the index of its length relative to
radial length for Lagar Velho 1 (26.7) is close to those of Roc de Marsal 1 (26.9) and the older
Qafzeh 11 (27.3) and slightly above those of Skhul 1 (22.5) and Qafzeh 10 (23.6). Since overall hand to arm length is similar for Late Pleistocene adult humans (Trinkaus, 1983), this
similarity is not surprising. The relative thumb length of Lagar Velho 1, indicated by the
metacarpal 1 to 3-length index, also falls well within the overlapping ranges of variation of
the immature Late Pleistocene humans. As with the adult remains, neither sample exhibits
shortening of the pollex.
Neandertal adults have been shown to consistently exhibit a relative shortening of the
proximal pollical phalanx and a commensurate elongation of the distal one, in the context of
an overall thumb length similar to that of recent humans (Trinkaus and Villemeur, 1991; see
also Heim, 1982a; Trinkaus, 1983; Vandermeersch, 1991; Villemeur, 1994). Additional early
modern human data confirm the high degree of separation of Neandertal and early modern
human adult relative pollical phalangeal lengths (Sládek et al., 2000; Trinkaus, 2000c).
Among immature specimens, however, the differences are less clear (Table 30-9). The older
(ca.10 years) La Ferrassie 3 hand exhibits the subequal lengths of the pollical phalanges
found among Neandertal adults, and Qafzeh 10 and 11 possess the relatively shorter distal
phalanx of early and recent modern human adult hand remains. However, Roc de Marsal 1
also exhibits the relatively shorter distal pollical phalanx, in the context of a thumb that is
overall relatively long, and the younger (ca.3 years) Qafzeh 21 has intermediate proportions.
In the context of this, the Lagar Velho 1 pollical phalangeal relative lengths are similar to
both Neandertal and early modern human juveniles. It may well be that the more similar
lengths of these phalanges among the Neandertals only appear subsequent to the developmental period of Lagar Velho 1 and Roc de Marsal 1.
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The Pollex
The thumb remains of Lagar Velho 1 (Fig. 30-13;
Tables 30-10, 30-11 and 30-13) present several features of
note. The first metacarpal has a round and concave proximal metaphysis, a gently convex dorsal diaphysis and a
more concave palmar one, with no trace of the attachment
for the first dorsal interosseus muscle ulnarly, but a clear
line for the attachment of the opponens pollicis muscle
radially. In its minimal development of the opponens pollicis attachment and the absence of a clear crest for the
muscle, Lagar Velho 1 resembles at least the early modern
human juveniles from Qafzeh and contrasts with immature Neandertals such as La Ferrassie 3 and 6 and
Zaskalnaya 3 (Vlček, 1975; Heim, 1982b). The head presents a distinct bulbous area of subchondral bone, clearly
demarcated from the distal diaphysis.
The proximal phalanx tapers evenly from the proximal metaphysis to the distal subchondral bone; it lacks the
radioulnar waisting of the diaphysis seen in the Qafzeh 21
and 10 pollical proximal phalanges and evident to a lesser
degree in the Roc de Marsal 1 homologous phalanx.

FIG. 30-13 – Palmar view of the pollical bones,
including the right proximal and distal
phalanges and the left metacarpal and
phalanges. Scale in centimeters.

Table 30-10
Osteometrics of the Lagar Velho 1 left metacarpal bones in millimeters and degrees.
Intermetaphyseal length
Midshaft dorsopalmar height
Midshaft radioulnar breadth
Proximal dorsopalmar height
Proximal radioulnar breadth
Distal dorsopalmar height
Distal maximum radioulnar breadth
Distal ‘articular’ radioulnar breadth1
Torsion angle2

MC-1

MC-2

MC-3

MC-4

19.8
5.8
7.0
8.1
8.1
6.7
7.6
5.9
–

(29.2)
4.9
5.3
8.4
7.4
–
–
–
–

28.2
5.7
5.1
7.9
6.7
8.4
6.7
–
11°

25.7
4.4
4.2
6.2
5.5
7.8
6.1
–
3°

Notes:
Breadth across the distal rounded projection of the subchondral bone.
2
A positive torsion angle indicates a radial turning of the dorsal surface.
1

Table 30-11
Osteometrics of the Lagar Velho 1 right proximal manual phalanges, in millimeters.
Intermetaphyseal length
Midshaft dorsopalmar height
Midshaft radioulnar breadth
Proximal dorsopalmar height
Proximal radioulnar breadth
Distal dorsopalmar height
Distal maximum radioulnar breadth
Distal ‘articular’ radioulnar breadth
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PP-1

PP-2

PP-3

PP-5

13.4
3.1
6.7
5.4
7.8
3.7
6.2
5.1

20.5
3.1
6.4
5.8
8.4
4.3
6.5
5.5

21.6
3.4
5.9
5.5
8.0
4.2
6.4
5.6

15.6
2.8
4.7
(5.0)
(6.5)
3.6
5.2
3.4

Table 30-12
Osteometrics of the Lagar Velho 1 left proximal manual phalanges, in millimeters.
PP-1

PP-2

PP-3

PP-4

PP-5

Intermetaphyseal length

13.7

20.9

22.3

19.6

15.6

Midshaft dorsopalmar height

3.5

3.1

3.6

3.1

2.8

Midshaft radioulnar breadth

5.9

6.3

6.4

6.2

4.8

Proximal dorsopalmar height

5.7

5.7

6.2

6.2

5.2

Proximal radioulnar breadth

7.0

7.5

8.2

8.7

6.8

Distal dorsopalmar height

4.1

4.4

4.6

4.3

3.5

Distal maximum radioulnar breadth

5.4

6.4

7.1

6.5

5.1

Distal ‘articular’ radioulnar breadth

5.2

5.2

5.3

5.4

3.7

Table 30-13
Osteometrics of the manual distal pollical phalanges, in millimeters and degrees.
Right

Left

–

10.0

Midshaft dorsopalmar height

2.3

2.6

Midshaft radioulnar breadth

4.2

4.5

Proximal dorsopalmar height

–

4.0

Intermetaphyseal length

Distal maximum radioulnar breadth
Ulnar deviation angle

4.7

5.0

–

(5°)

The distal phalanges are of note for their clear and pronounced insertions for the tendon
of the flexor pollicis longus muscle and for the marked ulnar deviation of the diaphysis relative to the proximal (interphalangeal) metaphysis. The former feature is poorly expressed on
the younger Qafzeh specimens. The angular deviation of the distal phalanx is reflected in both
the orientation of the proximal metaphysis and in the deviation of the apical tuft toward the
ulnar side. Ulnar deviation is present on many human mature distal pollical phalanges, but
it is consistently more pronounced among the Neandertals, relative to both recent and early
modern humans (Trinkaus, 1983). The Qafzeh 21, 10 and 11 distal phalanges exhibit little of
this ulnar deviation, whereas it is clearly present on the Roc de Marsal 1 phalanx. There are
no earlier Upper Paleolithic juvenile distal pollical phalanges, but the late Upper Paleolithic
Fanciulli 2 child lacks any indication of such an ulnar deviation (Henry-Gambier, 2001).
The distal apical tuft appears to be moderately large. However, an index of distal breadth
to length (50.0 for Lagar Velho 1) is close to that of Roc de Marsal 1 (51.5), but it is between
those for Qafzeh 21 (59.4) and Qafzeh 10 (46.7). This index is undoubtedly affected strongly
by the relative growth trajectories of these two measurements, and it is not possible to differentiate these juvenile specimens on the basis of relative apical tuft development.

The Ulnar Digits
The ulnar digits primarily appear similar to the same bones of most human juveniles
(Figs. 30-14 and 30-15; Tables 30-10 to 30-12 and 30-14 to 30-17). The left metacarpal bases correspond to the configurations normally seen for each of the digits. The second and third
metacarpals have rounded subtriangular shafts, whereas the fourth one is merely elliptical in
cross-sectional shape. The proximal phalanges present clear flexor tendon sheath lines on the
second to fourth phalanges. The heads turn distinctly palmarly. The middle phalanges show
clear impressions for the insertions of the flexor digitorum superficialis tendons, decreasing
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– Palmar view of the right manual phalanges. Scale
in centimeters.
FIG. 30-15

from radial to ulnar such that they are marked
on the second and third middle phalanges,
less so on the fourth ones, and barely apparent on the fifth one. Both the proximal and
FIG. 30-14 – Palmar view of the left metacarpals and manual
the middle phalanges show little waisting
phalanges. Scale in centimeters.
between the base metaphyses and their heads.
The one left distal phalanx and the four right ones exhibit large (relative to their diaphyses) apical tufts, which are rounded and spatulate. The only published juvenile ulnar distal phalanges for the Neandertals are two from the older La Ferrassie 3 hand, and they have relatively
broad apical tufts (Heim, 1982b). However, the Qafzeh 21 and 11 early modern humans (Tillier,
1999), the Fanciulli 1 and 2 Magdalenian children (Henry-Gambier, 2001), as well as recent
human juveniles (Greulich and Pyle, 1959), exhibit similarly spatulate apical tufts.

Table 30-14
Osteometrics of the Lagar Velho 1 right middle manual phalanges, in millimeters.
Intermetaphyseal length
Midshaft dorsopalmar height
Midshaft radioulnar breadth
Proximal dorsopalmar height
Proximal radioulnar breadth
Distal dorsopalmar height
Distal maximum radioulnar breadth
Distal ‘articular’ radioulnar breadth

MP-2

MP-3

MP-4

MP-5

10.9
2.7
5.7
4.8
6.9
3.2
5.5
4.9

14.2
3.3
6.1
–
–
–
–
–

13.8
2.8
6.2
5.0
5.0
3.6
5.8
4.5

9.1
2.6
4.8
4.1
5.7
2.8
4.7
4.1

Table 30-15
Osteometrics of the Lagar Velho 1 left middle manual phalanges, in millimeters.
Intermetaphyseal length
Midshaft dorsopalmar height
Midshaft radioulnar breadth
Proximal dorsopalmar height
Proximal radioulnar breadth
Distal dorsopalmar height
Distal maximum radioulnar breadth
Distal ‘articular’ radioulnar breadth
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MP-2

MP-4

10.6
2.8
5.7
4.5
6.8
3.0
5.4
4.2

13.7
3.2
5.9
6.0
(7.2)
4.2
6.2
5.2

Table 30-16
Dimensions of the proximal and middle manual phalangeal proximal epiphyses, in
millimeters.
PP-? Left
No.321b

PP-? Left
No.367

MP-3 Right
No.111b

MP-4 Right
No.105b

Phalanx
Right?

1.2

Thickness

1.3

1.2

1.1

1.1

Maximum diameter

4.5

4.5

4.1

4.5

5.1

Perpendicular diameter1

4.2

3.8

3.4

3.6

4.0

Note:
1
Diameter of the epiphysis perpendicular to the maximum diameter.

Table 30-17
Osteometrics of the manual distal phalanges from digits 2 to 5, in millimeters.
DP-2
Right

DP-3
Right

DP-4
Right

DP-4
Left

DP-5
Right

Intermetaphyseal length

7.4

8.0

8.3

8.3

6.3

Midshaft dorsopalmar height

2.1

2.3

2.2

1.9

2.0

Midshaft radioulnar breadth

2.6

3.1

3.1

3.0

2.0

Proximal dorsopalmar height

3.1

3.5

3.0

3.1

2.4

Proximal radioulnar breadth

4.0

4.7

4.6

4.4

3.0

Distal maximum radioulnar breadth

2.9

3.6

3.7

3.7

2.6

Summary
These considerations of the Lagar Velho 1 upper limb remains provide a complex mosaic of features. There are indications for hypertrophied muscle attachments, particularly for
pectoralis major, flexor pollicis longus, brachialis and perhaps pronator quadratus, but other
muscle insertions (e.g., deltoideus, opponens pollicis) do not appear to be particularly well
developed. The humeral diaphyseal cortical bone is relatively thin, yet overall diaphyseal
hypertrophy appears to be similar to that of other Late Pleistocene juveniles. The clavicular
length is modest, indicating an absence of the broad shoulders of the Neandertals, but considerations of its intramembral long bone proportions (Chapter 25) indicate some foreshortening of the forearm. The radial tuberosity is anteromedially oriented similar to early
modern humans, but the one Upper Paleolithic Neandertal known has a similar pattern.
And even though the radial lateral curvature and the pollical phalangeal length proportions
appear to align it more with early modern humans, similar proportions are also known for
Neandertal juveniles. Yet, the marked ulnar deviation of the distal pollical phalanges contrasts with most early modern humans and appears similar to the orientation seen in the
Neandertals.
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The Lagar Velho 1 remains exhibit a limited number of pathological lesions, as might
be expected in a largely healthy, if deceased, child. These include minor dental enamel
defects, a periosteal reaction on the left anterior mandibular corpus, a minor traumatic
injury to the left lateral radial diaphysis, and transverse (Harris) lines in the metaphyses of
several of the diaphyseal bones. Careful inspection of the remainder of the skeletal elements
by CD, ET, TWH, RGF and SWH revealed no other lesions or abnormalities that can be considered pathological.

Dental Paleopathology
Dental diseases
The permanent teeth were all developing inside their bony crypts within the jaws, and
therefore show no evidence of the diseases that they might have been exposed to, had they
erupted. The deciduous teeth were exposed in the mouth, but there is no sign of dental
caries. This is not unexpected, because very few pre-Holocene fossils are affected by the condition (Trinkaus et al., 2000a). Most of the Lagar Velho 1 deciduous teeth bear traces of what
seems to have been dental calculus (or tartar) deposits. These are not uncommon on early
human teeth, although relatively few fossils from caves and rock shelters show them. This
could well be because the cleaning away of cemented matrix strips away the calculus, and
this clearly has not happened with the Lagar Velho 1 teeth.

Defects of dental enamel
The surfaces of most of the teeth are too abraded to see details of their crown surfaces.
Only really marked hypoplastic defects of dental enamel would have been apparent, and
there is no sign of them. Only on the permanent upper right canine and second incisor is it
possible to see such detail. Molds, using Coltène President dental impression material
(Hillson, 1992) were taken from these tooth crowns, and replicas were cast in the molds
using Epotek 301 epoxy resin. These were coated in gold and examined in a Philips scanning
electron microscope and under reflected light in a Leica stereomicroscope.
The main features of crown structure seen in the scanning electron microscope images
(Figs. 31-1 and 31-2) are perikymata. They are clearly at a regular spacing, reflecting a regular
rhythm of enamel matrix formation (Hillson and Bond, 1997). On the upper canine (Fig. 31-3),
it is possible to count 110 perikyma grooves, from the earliest formed at the unworn occlusal
tip of the crown down to the point at which enamel matrix formation was stopped by death.
It is not possible to reconstruct the exact timing of crown formation just from an examination of the surface, but enough is known about the factors involved to arrive at an approx-
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imation. Studies of recent human teeth
have suggested that the first perikymata at
the occlusal tip of upper canines are formed
around 1.7 years of age (Reid and Dean,
2000). It is assumed here that this is a reasonable starting point for the Lagar Velho 1
upper canine, although it is accepted that
there may have been slightly different timings. Similarly, in modern humans the
average time (Reid and Dean, 2000) taken
to form each perikyma is around 9 days (i.e.
the count of days between perikyma
grooves). From this, the 110 perikyma
grooves would represent 990 days of crown
FIG. 31-1 – Perikymata running across the middle of the upper
formation, or about 2.7 years. If this is
right second incisor crown. Scanning electron microscope
image (scale bar represents 500 micrometers) of epoxy
added to 1.7 years, when it is assumed the
replica, sputter coated with gold (Figs. 31-2 and 31-3 were
first perikyma groove was formed, then the
produced in the same way). The rough area is a deposit of
sediment cemented into a slight depression in the crown
last enamel matrix layers would have been
surface.
laid down at around 4.4 years. This corresponds not too badly to the age-at-death suggested by other means (Chapter 14),
although it is a bit short compared with
some. This could be because delicate newly
formed enamel matrix is missing from the
developing crown edge, or it may be that
some of the assumptions are not correct. In
particular, the “repeat interval” for perikymata varies between individuals and it is
perfectly possible that a 10 day repeat interval was characteristic for Lagar Velho 1,
which would give 4.7 years as the estimate
for the last enamel matrix formed. That
FIG. 31-2 – Detail of perikymata from the center of Fig. 31-1.
would be closer to the other age estimates
The irregular shallow steps running across the image are
the perikyma grooves, from which the counts are derived.
but, as all are based on untestable assumpThe surface of the crown is also decorated with many small
tions, this does not necessarily imply that
depressions, around 4 micrometers across. These are called
the 10 day repeat interval is correct.
Tomes’ process pits and each one represents the position
of a single enamel matrix secreting cell (ameloblast). Most
In the context of this, two minor
of the isolated teeth in the Lagar Velho 1 dentition do not
defects
disturb the regular progression of
show these details so clearly, due to abrasion following the
exposure of the site.
perikymata in the lower third of the crown
side (Fig. 31-3). They are only just visible
with the naked eye, but are of the most common “furrow-form” type (Hillson and Bond,
1997). Both defects involve only 3 perikymata and the intervals between them, and therefore they represent disruption to growth over only 18 to 20 days or so. The highest defect
(labeled “a” in Fig. 31-3) is at perikyma grooves numbers 92, 93 and 94, numbered from
the first perikyma groove on the crown surface. The lower defect (labeled “b”) is at perikyma grooves numbers 103, 104 and 105. Applying the previous methods, using a 9-day interval, they would be at 4 years and 4.2 years of age respectively. Using a 10-day repeat interval would make a little difference (4.2 years and 4.5 years). Whichever way it is calculated,
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– Perikymata and small defects showing near the
base of the crown of the upper right canine. The higher
defect (see text) is marked with a white “a” and the lower
defect with a white “b”.
FIG. 31-3

the lower defect represents a disturbance to
growth around 2 months before the child
died, if it is assumed that not too much
immature enamel was lost after death at the
growing crown edge. Both defects represent
minor disturbances. They seem more likely
to have been a bout of some childhood
fever, rather than a nutritional deficiency,
because it seems reasonable to suggest that
the latter would be likely to last over a
longer period. By and large, however, the
tooth crowns preserve little evidence to suggest that the development of this child was
greatly disturbed during its life.

Mandibular Corpus Periosteal Reaction
On the left anterolateral external corporeal surface of the mandible there is an area that
is covered by a thin layer of woven bone, distinct from the denser bone of the external
mandible (Fig. 31-4). The area is approximately 9 mm high and 12 mm anteroposterior. It
begins mesially at the level of the di2-dc1 interdental septum and continues distally to the
level of the distal dm2 root. Superiorly it is about 4 mm below the level of the dc1 alveolar
margin, and it ends inferiorly at the level of the mental foramen. There is no evidence for
bony reactions or lesions outside of this area on the external mandibular corpus, and the
adjacent deciduous dental alveoli all appear normal.

FIG. 31-4

– Anterolateral detail view of the left mandibular corpus, illustrating the lesion in the vicinity of the mental foramen.
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The surface is an irregular, slightly raised area of poorly organized woven bone, which
has distinct boundaries with the adjacent cortical subperiosteal bone. The woven bone has a
thickness of 0.1 to 0.2 mm. There is a superoinferior groove running across the raised area,
which appears slightly remodeled but is nonetheless covered by a thin layer of woven bone.
The precise etiology of the lesion is uncertain, since a variety of factors can produce a
periosteal reaction and the laying down of new bone. However, given the localized nature
of the response and the lack of evidence of significant remodeling of the woven bone, it is
likely that it resulted from an insult to the adjacent soft tissue of the left lower face. It is
unlikely to be related to dentoalveolar abnormalities, since there is no evidence for such
lesions in the adjacent alveoli or teeth. It is more likely to have resulted from a localized
trauma to the overlying soft tissue that did not directly affect the bone; radiographically
there is no evidence for trauma in the mandible. Such a superficial trauma could then have
led to inflammation of the underlying periosteum and the resultant laying down of woven
bone.

Lateral Radial Diaphysis Traumatic Lesion
On the mid-lateral diaphysis of the left radius, there is a depression with irregular bone
in the concavity (Fig. 31-5). The depression is 9.1 mm proximodistal and 4.7 mm anteroposterior. The concavity tapers distally, and it reaches a maximum depth relative to the tangent
between the proximal and distal normal bone margins of 5.2 mm; its depth would have been
slightly greater relative to the original laterally convex contour of the radial diaphysis. There
is a thin layer of callus extending proximally from the depression along the diaphyseal subperiosteal surface, extending 6.5 mm from the proximal edge of the concavity and gradually tapering off. The callus is a thin dense layer of new bone distinct from the adjacent and
less dense normal subperiosteal bone.

FIG. 31-5

– Lateral view of the left radial midshaft showing the minor traumatic lesion.
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The external concavity is paralleled by a convexity of the endosteal margin into the
medullary cavity, which largely maintains the thickness of the lateral cortical bone through
the region of the lesion (Fig. 28-6). Radiographically, the cortical thickness is 1.6 mm just
proximal and just distal of the depression but 1.3 mm in the middle of the lesion. There is
no trace radiographically of a fracture line.
It is most likely that this lesion is the product of a minor and highly localized trauma
to the lateral forearm that disrupted the periosteum and damaged the subperiosteal bone
sufficiently to cause both an external resorption of the bone and endosteal remodeling. The
small trace of callus indicates some localized inflammation, which had healed over completely by the time of the individual’s death. Since this portion of the radial midshaft is covered by thin layers of the extensor radialis brevis, extensor digitorum and probably pronator
teres muscles, the traumatic impact was probably mediated by the muscle mass. At the same
time, an impact sufficient to damage the underlying bone must have caused serious bruising of those muscles. It is unlikely that the damage was long term, and little or no trace of
the trauma would have remained had the individual survived to adulthood.

Transverse Lines
Several of the Lagar Velho 1 long bones and metapodial bones exhibit traces of minor transverse (Harris) lines
(Figs. 29-6, 29-18, 30-6 and 31-6; Table 31-1). In most of
the cases, there are clear lines which traverse the entire
metaphysis. In some of the instances, however, there is a
clear line but it does not traverse the complete metaphysis.
For completeness, both have been noted, but the latter
have been placed in parentheses to note their tentative status. The distances between the middles of the lines and
the adjacent metaphyseal surfaces were measured and
then corrected for radiographic parallax enlargement
using the actual and radiographically measured intermetaphyseal lengths.
Several of the long bones exhibit distinct transverse
lines close to their metaphyseal surfaces, within 3% of the
length of the bone. These are evident in the distal radius,
femora, tibiae and left fibula, and in the proximal tibiae
and fibulae. In addition, less pronounced lines are evident at about 10% of the bone length in both the proximal
and distal tibiae (damage to the right proximal tibia
makes it unclear whether one was present at that level
bilaterally, although the preserved portion suggests that a
line was also present there), and in the first, fourth and
fifth metatarsals. There are additional ones at about 5%
and 20% of the fifth and first metatarsals respectively.
None of these lines, however, are prominent (Fig. 31-6).
– Mediolateral radiographs of the left metatarsal bones showing the
minor transverse lines on the first, fourth and fifth metatarsals.
FIG. 31-6
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Table 31-1
Locations of transverse lines on the Lagar Velho 1 long bones, metacarpals and
metatarsals. 0% is distal. Indicated lines in parentheses are ones which do not
traverse the full diameter of the metaphysis.
Bone

Side

Proximal vs.
Distal

Number
of Lines

Distance
to Adjacent
Metaphysis

Percent of
Inter-metaphyseal
Length

Humerus

Left

proximal

0

–

–

distal

0

–

–

proximal

0

–

–

distal

0

–

–

Ulna

Left

Radius

Left

distal

1

2.5

2.4%

Metacarpal 1

Left

proximal

0

–

–

Metacarpal 2

Left

distal

0

–

–

Metacarpal 3

Left

distal

0

–

–

Metacarpal 4

Left

distal

0

–

–

Right

proximal

0

–

–

distal

1

2.9

1.5%

Left

proximal

0

–

–

distal

1

3.3

1.7%

Right

proximal

1

1.7

98.9%

distal

2

1.5, 15.4

1.0%, 10.0%

Left

proximal

2

1.4, 16.6

99.1%, 89.4%

distal

2

1.5, 15.4

1.0%, 9.8%

Right

proximal

(1)

(2.4)

(98.4%)

distal

0

–

–

Left

proximal

1

2.0

98.7%

distal

(2)

(3.8), (5.4)

(2.4%), (3.5%)

Metatarsal 1

Right

proximal

2

3.0, 5.6

89.4%, 80.2%

Left

proximal

(1)

(4.2)

(85.4%)

Metatarsal 2

Right

distal

0

–

–

Left

distal

0

–

–

Metatarsal 3

Right

distal

0

–

–

Left

distal

0

–

–

Metatarsal 4

Right

distal

(1)

(3.2)

(10.6%)

Left

distal

(1)

(1.6)

(5.3%)

Metatarsal 5

Right

distal

(2)

(1.4), (2.3)

(5.0%), (8.2%)

Femur

Tibia

Fibula

These data suggest that the individual was subject to several episodes of growth
arrest during childhood. It is possible that the minor ones close to the metaphyses correspond to the periods of stress indicated by the minor hypoplastic defects on the upper
right canine (see above). However, none of the stress periods were sufficiently severe to
have produced marked transverse lines or to affect all of the relevant bones. This interpretation of the moderateness of the systemic stress periods is reinforced by the absence
of macroscopic dental enamel hypoplasias on the calcifying teeth. Moreover, the most
widespread set of the lines close to the metaphyses occurred not long before the individual’s death, suggesting a period of stress, recovery and then additional stress which led to
the child’s death.
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Conclusions
These lesions on Lagar Velho 1 therefore indicate that the individual was subjected to
two minor episodes of highly localized trauma, one to the lower left face and the other to the
left forearm, and to a couple of phases of moderate systemic stress. In addition, the degree
of formation of characteristic metaphyseal angulations at the hip (femoral neck-shaft angle),
knee (femoral bicondylar angle and tibial retroversion) and foot (metatarsal torsion), in addition to normal trabecular patterns of the femora and tibiae and the formation of iliac sinusoidal shape (Chapters 28 and 29), all indicate that the child was developing in terms of posture and locomotion in a fully normal human fashion, since none of these features would
have reached its observed pattern without normal weight-bearing and movements of the
lower limbs. These observations, in combination with the apparent absence elsewhere of
pathological lesions, indicate a generally healthy individual.
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chapter 32

| Phylogenetic Implications1

❚ ERIK TRINKAUS ❚ JOÃO ZILHÃO ❚

The juvenile Gravettian human skeleton known as Lagar Velho 1 presents a complex
mosaic of dental and skeletal characteristics from the perspective of Late Pleistocene
European human biology. As a result of this mosaic, and our previous interpretation of it as
indicating some degree of Neandertal ancestry in an early modern human European (Duarte
et al., 1999), the Lagar Velho child has become more than just an additional Gravettian
skeleton from Europe. It has become a significant player in phylogenetic discussions of the
evolutionary fate of the Neandertals and of the phylogenetic emergence of modern humans
(e.g., Hublin, 2000; Aguirre, 2000; Wolpoff et al., 2001; Adcock et al., 2001; Relethford,
2001a; Zilhão, 2001a, 2001b; Arsuaga et al., 2001b; Jolly, 2001). From the perspective of
Late Pleistocene human evolution, it is therefore appropriate to review the phylogenetic
implications of the Lagar Velho 1 skeletal and dental morphology.
When the remains were first discovered and during the initial analysis in the laboratory,
it was assumed that it merely represented an immature early modern human, a representative of the Gravettian human populations especially well-known from discoveries in northern
Italy and Moravia but also known from scattered or incomplete remains across Europe from
the Atlantic Ocean to the Russian Plain (see also Chapter 33). This assessment was based on
the clear presence of distinctive modern human features such as a prominent chin. Moreover,
such an interpretation fit expectations given our knowledge of the skeletal biology of other
European Gravettian human remains, all of which are clearly those of early modern humans.
It was only subsequently, during a reconsideration of the remains and comparisons of some
of the skeletal proportions to other samples, that it occurred to us that this skeleton might provide evidence for some degree of assimilation of Neandertal populations into those of early
modern humans dispersing westward across Europe and eventually into Iberia. Once that had
occurred to us, we began to investigate the skeleton more carefully, from a phylogenetic perspective as well as from the planned paleobiological perspective.
Apparent evidence for Neandertal assimilation in southwestern Iberia came as a surprise
to us, since it was well-documented [in part by one of us (JZ)] that the transition between the
Middle Paleolithic and the Upper Paleolithic was relatively late and abrupt in southern Iberia
(Vega Toscano, 1990; Villaverde and Fumanal, 1990; Zilhão, 1993, 2001a), and that the
archeological transition appeared to be closely associated with the human biological transition
between Neandertals and early modern humans (Hublin et al., 1995). We therefore expected
there to have been little or no contribution of those late Neandertals in the cul-de-sac of southwestern Europe to the populations of culturally contrasting early modern humans. Indeed,
although one of us (ET) had previously supported an interpretation of such assimilation of the
Neandertals in central Europe, he had also argued that the western European process was one
of replacement of the Neandertals by early modern humans (Smith and Trinkaus, 1991, p.
286; Trinkaus and Shipman, 1993a, p. 415). Similarly, although the other one of us (JZ) had
previously argued against simple models of western European Neandertal acculturation
(d’Errico et al., 1998; Zilhão and d’Errico, 1999), he had also assumed that the Neandertals
had contributed little if at all to those early modern human populations (Zilhão, 1998).
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Possible evidence for the assimilation of Iberian Neandertals into early modern human
populations, or genetic admixture between the two groups, also came as a surprise to much
of the field. Reactions to the initial announcement of it in April 1999 (de Sá, 1999) and the
subsequent publication of the formal presentation of the arguments in June 1999 (Duarte
et al., 1999) included both enthusiastic acceptance of our interpretation and outright rejection of it, most of them either verbally or in quotes in the public media. Moreover, the global media coverage of the announcement in the spring of 1999 exceeded that of any other
Late Pleistocene human paleoanthropological discovery in our memory. Given this attention
to our unusual child from the Lapedo Valley, it is appropriate to provide a Late Pleistocene
human phylogenetic context and then, in light of the morphological considerations in the
previous chapters, assess the position of Lagar Velho 1 within that framework.

The Emergence of Modern Humans in Europe, and the Phylogenetic Fate
of the Neandertals
Paleoanthropological discussions of the past two decades have been dominated by considerations, on a pan-Old World basis, of the phylogenetic processes involved in the emergence of early modern humans and the phylogenetic fates of regional late archaic human populations. This has been reflected in journal articles, books and international conferences since
1980 which are simply too numerous to list. Issues of modern human phylogenetic origins
have been more or less current since the early twentieth century, when it was recognized that
there were archaic humans who preceded modern humans during the Pleistocene (see
Trinkaus and Shipman, 1993a). Gradually, particularly during the second half of the twentieth century, the discussion of modern human origins expanded from a Eurocentric view,
focused principally on the fate of the Neandertals, to one encompassing most of the Old
World. Yet, in part due to the far richer human paleontological record in Europe and the Near
East and its associated Paleolithic archeological and geochronological frameworks, the discussions have remained Eurocentric, albeit placed in a broader geographical context.
All of the recent (late twentieth century and initial twenty-first century) serious interpretations of the emergence of modern humans in Europe have invoked some degree of genetic
exchange between Europeans and non-Europeans during this time period (i.e., no one has
seriously proposed that the Neandertals evolved directly into early modern Europeans in geographic isolation). However, during the past two decades, phylogenetic interpretations have
occupied a spectrum of views ranging from one of predominantly local population evolution
within Europe in the context of moderate (possibly slightly elevated) levels of gene flow to an
interpretation of the absence of local continuity associated with the complete replacement of
the Neandertal populations by in-dispersing early modern humans. Although the decade
starting about 1987 saw a polarization between the ends of this spectrum of views, with endless (and frequently fruitless) discussions of continuity versus replacement, driven more by
reactions and personality conflicts than by constructive research, much of the paleontological
field directly concerned with modern human emergence supported some form of an intermediate position, involving some (however large or small) genetic contribution of the
Neandertals to early modern European human populations.
Throughout these discussions and arguments, the principal model of dispute has been
one in which early modern humans are seen as having emerged first in Africa and subsequently spreading throughout the Old World, absorbing and/or replacing regional archaic
human populations, the Replacement Model.2 A version of this model, couched in the Pre-
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Sapiens paradigm of the first half of the twentieth century (see Vallois, 1958b), was first proposed by Leakey (1935) on the basis of the purported Middle Pleistocene age of the morphologically modern, if robust, human remains from the Kenyan site of Kanjera, and secondarily on the basis of the mandible from the nearby site of Kanam. The former have been shown
to post-date the Middle Pleistocene and be most likely of Holocene age (Plummer et al.,
1994; Plummer and Potts, 1995), and the latter is pathological and of archaic human morphological affinities (Tobias, 1960).
More recently, a serious Out-of-Africa interpretation of modern human emergence was
first proposed on the basis of modern human remains presumed to be associated with South
African Middle Stone Age deposits at Border Cave (Beaumont et al., 1978; see also Rightmire,
1979, 1984). A more explicit European version was formulated on the basis of limb segment
proportions by one of us (Trinkaus, 1981), although that paper did not name Africa specifically but referred to European early modern humans exhibiting evidence of “gene flow from
more equatorial regions” (p. 219), of which Africa was the most likely source. This followed
closely on a fictionalized version of such a spread of early modern Africans into Europe
(Kurtén, 1980). These two were followed by the cranially-focused arguments of Bräuer (1982,
1984), based in part on the analysis of African late Middle and early Late Pleistocene crania
and in part on the purported transitional morphology of the Hahnöfersand frontal bone [the
Hahnöfersand specimen has since been shown to be Holocene in age (Terberger et al.,
2001)]. Of these early versions of an Out-of-Africa model for modern humans origins (at least
for the western Old World), those concerned principally with the African fossil record
(Beaumont et al., Rightmire) argued principally for the chronological precedence of early
modern humans in Africa, whereas those involving the European fossil record (Kurtén,
Trinkaus, Bräuer) argued for modern humans spreading out of Africa and absorbing, to some
indeterminant degree, the regional Neandertal populations. Other early 1980s considerations
of the issue (e.g., Day and Stringer, 1982; Smith, 1984; Stringer et al., 1984; Stringer, 1984)
discussed an Out-of-Africa interpretation but did not reach firm conclusions regarding the
role of African populations in the origins of early modern Eurasians. Most other discussions
of modern humans origins at that time did not place Africa in any special light regarding
modern human origins (e.g., chapters in Smith and Spencer, 1984).
Ironically, paleontological evidence for a relatively early (initial Late Pleistocene) age for
unquestionably morphologically modern, if robust, human remains had been found in the
late 1960s at the KHS site in the Omo-Kibish Formation of southern Ethiopia (Leakey et al.,
1969; Butzer et al., 1969). Although the Omo-Kibish 1 remains were explicitly recognized as
both early and morphologically modern (Leakey et al., 1969), it was not until a dozen years
after their discovery (e.g., Day and Stringer, 1982; Stringer et al., 1984) that they were used as
evidence supporting the temporal precedence of modern humans in Africa and even longer
before they were used to bolster an explicitly Out-of-Africa model of modern human origins.
In the late 1980s, several results appeared which focused the field on the Out-of-Africa
model and began the intense debate of the following decade. This involved the 1987 publication of the first genetically-based explicit Out-of-Africa interpretation (Cann et al., 1987;
see Relethford (2001a) for a detailed discussion of the results and subsequent critiques and
reanalyses). These living human molecular results were followed by the first explicitly Outof-Africa Replacement Model of modern human origins based on both the paleontological
morphological data and extant human molecular data (Stringer and Andrews, 1988).
Together, these articles set the stage for the subsequent arguments and counter-arguments
principally with respect to a strict Out-of-Africa with replacement model of modern human
origins, in both the paleontological and molecular fields [for a history of the molecular
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debate, see Relethford (2001a); no adequate history of the paleontological side exists, but
Trinkaus and Shipman (1993a) review the beginning of it, the perspectives of two protagonists are presented in Wolpoff and Caspari (1997) and Stringer and McKie (1996), and an
account is presented briefly in Trinkaus et al. (2001)]. In the heat of those arguments, the
more moderate Out-of-Africa with admixture models became less visible, even though they
were expanded upon and synthesized more globally in the Assimilation Model of Smith et
al. (1989) (see also Aiello, 1993).3
The beginning of this debate was also accompanied by the announcement (Valladas et
al., 1988) of thermoluminescence dates for the Levantine early modern humans at Qafzeh
of ca.90 000 years BP, clearly antedating most of the European (and Near Eastern) Neandertals. This gave strength, along with a growing African record of known or presumed
Middle Stone Age modern humans from sub-Saharan Africa pre-dating ca.75 000 years BP,
to the arguments that non-European modern humans, sharing the derived characters of
European early modern humans, were available to spread across Europe and replace the
Neandertals.
Yet, during the subsequent decade, only three forms of paleontological data emerged to
support an African (or at least a tropical) origin for early modern Europeans. The first paleontological data consisted of nasal aperture configurations, in which some but not all early
modern Europeans were shown to have nasal apertures resembling those of more equatorial human populations (Franciscus, 1995; see Chapter 20). The second was a reanalysis of
Late Pleistocene body proportions, building on the earlier work of one of us, which showed
a clear tropical body shape among both the Qafzeh-Skhul Levantine early modern humans
and the European earlier Upper Paleolithic early modern humans (Holliday, 1995, 1997a;
see also Ruff, 1994). Yet, these two analyses provided data to suggest at least some degree of
Neandertal genetic contribution to those subsequent European populations.
The third form of paleontological data was the growing accumulation of Levantine and
African data to support the temporal precedence of greater African early modern humans relative to those of Europe (Vandermeersch, 1981; Singer and Wymer, 1982; Day and Stringer,
1982; Trinkaus, 1984a, 1995) and their gradual emergence within Africa (Bräuer, 1984,
2001b; Howells, 1988; Hublin, 1991; Stringer, 1992, 1993), both in terms of the fossils and
their chronological framework. In this, the Levant is best considered as part of greater Africa,
at least temporarily during OIS 5 (Rabinovich and Tchernov, 1995; Stefan and Trinkaus,
1998a; Tchernov, 1998). It should be noted, however, that the temporal precedence of modern humans in Africa is not sufficient by itself to document that early modern Europeans had
African ancestry, unless one argues (contrary to most paleontological data) that derived features (however defined) can only emerge once in a geographically dispersed lineage.
Although it has been strongly argued that there are Middle Stone Age early modern
humans in southern Africa [e.g., Beaumont et al. (1978), Bräuer (1989), Rightmire and
Deacon (1991), and McBrearty and Brooks (2000) and references therein], some of these
remains are recent (Sillen and Morris, 1996) and others are morphologically rather archaic
(Smith, 1993; Churchill et al., 1996). Others [see list and references in McBrearty and
Brooks (2000)] are too fragmentary or anatomically restricted to be diagnostic. It therefore
remains debatable to what extent the southern African Middle Stone Age “early modern
humans” are in fact “modern,” as opposed to “southern African late archaic.”
The best sample of anatomically clearly “early modern” human remains which substantially predates the disappearance of the European Neandertals are those from northeast
Africa (including their temporary OIS 5 expansion into the southern Levant). These include
remains from Omo-KHS, Qafzeh and Skhul (Vandermeersch, 1981; Day and Stringer, 1982;
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Trinkaus, 1984a, 1995; Holliday, 2000a), all of which appear to date before ca.80 000 years
BP (Day and Stringer, 1982; Valladas et al., 1988; Stringer et al., 1989; Mercier et al., 1993).
The Taramsa Hill specimen (Vermeersch et al., 1998) may be a more recent Middle
Paleolithic member of this lineage.
These paleoanthropological considerations have been joined by a continuous supply of
analyses of extant human molecular variation, including analyses of nuclear and mitochondrial DNA [see Relethford (2001a) for a review]. The majority of these molecular studies have
claimed to establish an exclusively African origin for modern humanity, usually sometime in
the late Middle Pleistocene. However, most of their analyses are limited and can only serve to
reject a “candelabra” (Howells, 1959) model (regional continuity without interregional gene
flow), a model that has been explicitly rejected by paleoanthropologists concerned with the
phylogenetic origins of modern humans (see Wolpoff et al., 2000). Most importantly, as
emphasized by Relethford (2001a and elsewhere), analyses of molecular data are frequently
taken to establish an African origin of modern humans with replacement elsewhere without
testing whether the data reject the logical (and well established) alternative of an African origin with variable amount of population admixture/absorption/assimilation elsewhere (the
Assimilation Model). Indeed, in all cases, the data either fail to reject that alternative or are
inadequate to test it. Principal among the limitations are the inadequate sample sizes relative
to the questions asked, inappropriate quantitative analysis of the data, assumptions of
Pleistocene and Holocene human demographic stability, a priori assumptions as to the phylogeny involved (which they then fail to reject), and/or assumptions of uniform phylogenetic
processes over vast geographic areas and tens of millennia [see Wall (2000) and Relethford
(2001a)]. Indeed, given the complex demographical, geographical and phylogenetic histories
of human populations over the past 30 millennia, as well as the sample sizes needed for a statistically significant analysis (Wall, 2000), it is unclear to what extent extant human molecular data will ever be able to tell us more than that modern human genetic variation probably
emerged to a large extent (but not exclusively) in some part of Africa.
Recently, these Out-of-Africa with full replacement arguments have been supplemented with analyses of fragmentary mitochondrial DNA extracted from at least five Neandertal
specimens (Krings et al., 1997, 1999, 2000; Ovchinnikov et al., 2000; Scholz et al., 2000),
three of which have mtDNA sequences and two are based on DNA hybridization. These
analyses have documented Neandertal DNA outside of living human ranges of variation, and
quantitative treatments of them have been used to argue for the complete phylogenetic
demise of the Neandertals. However, it has been shown that the sequence contrasts with
those of extant humans do not exclude an interpretation of admixture (Nordborg, 1998), that
the magnitude of difference between the Neandertal sequences and those of recent humans
are well within the ranges of variation found within other species of living large-bodied
hominoids (Gagneux et al., 1999; Relethford, 2001a), and that the lack of affinity to specific extant human regional groups has no bearing on the issue if some degree of admixture is
allowed (Relethford, 2001b). In addition, phylogenetic reanalysis of the fossil sequences,
using more dynamic assumptions regarding nucleotide substitutions and eliminating possible biases in the reference samples (Gutiérrez et al., 2002), does not support a separation
of Neandertal mtDNA from that of recent humans. Indeed, the principal group sequencing
DNA from Neandertal fossils has acknowledged that their results can tell us little about the
level of admixture between Late Pleistocene human populations (Tschentscher et al., 2000;
Serre et al., 2001).
Moreover, the criteria for excluding modern human contaminating DNA after PCR
amplification of the extracted DNA [DNA within modern human ranges of variation is by
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definition contamination (Krings et al., 2000)] biases any distributional analysis of the fossil DNA. Since almost all individual Neandertal anatomical features are found among modern humans, albeit sometimes in very low frequencies (or vice versa), it would not be surprising to find some overlap between Neandertal and modern human DNA sequences,
whatever their phylogenetic relationships were. This technique therefore inappropriately
assumes a priori complete separation of Neandertal and modern human DNA sequences;
such an assumption makes any distributional (and hence evolutionary) analysis of the fossil
DNA invalid.
Additionally, this difficulty makes it problematical to establish that one has extracted
endogenous DNA from an early modern human unless, as in the case of Mungo 3 (Adcock
et al., 2001), the extracted DNA should fall outside of the documented range of variation of
extant humanity. It is uncertain whether the DNA hybridization applied to the Aurignacian
Vogelherd 3 humerus (Scholz et al., 2000) correctly identified endogenous DNA (Cooper
and Poinar, 2000). The other two analyses of earlier Upper Paleolithic human DNA, those
of the Paviland 1 and the Sunghir 2 and 3 Gravettian specimens (Sykes, 2000; Poltaraus et
al., 2000) yielded mtDNA sequences that are common among extant Europeans; given that
all three specimens have been handled by numerous individuals since their discoveries and
that a priori biochemical techniques, especially with the use of PCR, are inadequate to completely exclude the possibility of modern human DNA contamination when the expectation
is a sequence within living human ranges of variation (Hagelberg, 2000; Cooper and
Poinar, 2000; Serre et al., 2001), these results must be regarded as preliminary [as acknowledged by Sykes (2000) and Poltaraus et al. (2000)].
Consequently, samples of Neandertal DNA will never be sufficient to resolve the
replacement versus assimilation debate concerning modern human emergence in Europe
(Wall, 2000); they may allow us to say whether some living peoples have Neandertal
ancestry, but that is a question of extant human pedigree and of no relevance to assessments of Late Pleistocene human evolution. The issue at stake is not whether evidence of
Neandertal ancestry can be found in present-day Europeans, but whether such evidence
exists among early Upper Paleolithic Europeans. Only if total population continuity in the
absence of genetic drift for the last 30,000 years of European prehistory and history is
assumed can the two issues be considered as one, and that assumption is completely
unwarranted
Most recently, these biological and paleontological considerations have been joined
with reassessments of the chronological relationships between late archaic and early modern humans within Europe. Reconsiderations of key sites across Europe (d’Errico et al.,
1998; Zilhão and d’Errico, 1999) indicate that industries securely attributed to the
Aurignacian sensu strictu (frequently associated a priori with early modern humans) spread
across most of Europe between ca.36 000 and ca.37 000 years BP (see Chapter 33).
However, anatomically diagnostic and well-dated early modern humans in Europe do not
appear before ca.34 000 years BP (Smith et al., 1999; Richards et al., 2001; Churchill and
Smith, 2000b), and the makers of the Aurignacian prior to that time are known from
incomplete remains [arguments that all of the Aurignacian must have been made by the
same kind of human, hence early modern humans, are logically unwarranted (Zilhão and
Trinkaus, 2001)]. Moreover, as noted by Garralda and Vandermeersch (2002), the fragmentary human remains securely dated prior to ca.33-34 000 BP would fit comfortably
within the ranges of variation known for later Middle Paleolithic Neandertals, making it
possible that late Neandertals were responsible for much of the pre-34 000 BP Upper
Paleolithic.
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Furthermore, it is apparent that both the Middle Paleolithic and Neandertals persisted
in Iberia south of the Ebro Valley [the Ebro Frontier (Zilhão, 2000); see also Chapter 33]
until ca.30 000 BP (Vega Toscano, 1990; Villaverde and Fumanal, 1990; Zilhão, 1993,
2001c; Hublin et al., 1995; Walker, 2001b), and that Neandertals associated with initial
Upper Paleolithic industries were present in south-central Europe until ca.28-29 000 BP
(Smith et al., 1999) and in France until ca.36 000 BP (Mercier et al., 1991; Hublin et al.,
1996; Zilhão and d’Errico, 1999) [the purportedly late date for the Mezmaiskaya 1
Neandertal child (Ovchinnikov et al., 2000) is in contradiction with the stratigraphic context
of the burial (Golovanova et al., 1999)]. Therefore, regardless of who were the makers of the
earliest Aurignacian, it is apparent that the latest Neandertals and the earliest modern
humans in Europe overlapped by several thousand years, both indicating the ability of the
Neandertals to persist despite competition from early modern human populations (Hublin
et al., 1995; Smith et al., 1999) and providing abundant opportunities for genetic exchanges
(Smith et al., 1999; Churchill and Smith, 2000b).
There has also been a growing body of paleontological data (Smith and Trinkaus, 1991;
Frayer, 1993; Franciscus, 1995; Holliday, 1997a; Stefan and Trinkaus, 1998b; Wolpoff et al.,
2001; Trinkaus, pers. observ.) that supports some degree of morphological continuity
between the Neandertals and European early modern humans. These involve aspects of cranial and mandibular shape, nasal aperture morphology, incisor shape, and body proportions, and they generally concern distributions of traits in European early modern humans
that place them between the Neandertals and the presumed ancestral form represented by
specimens from Qafzeh, Skhul and Omo-KHS in those features, if in most respects closer
to the presumed ancestral early modern human form.
The emerging consensus from this brief summary of the relevant aspects of the paleoanthropological and extant human records is that, at least within the western Old World,
early modern humans emerged somewhere in northeastern Africa in the early Late
Pleistocene or possibly late Middle Pleistocene, and they subsequently dispersed, for reasons
poorly understood, through the Near East and across Europe. In the process of that spread,
it appears that those dispersing early modern humans variably absorbed or replaced regional populations of Neandertals, in a complex process extending over several millennia. The
degree of admixture/assimilation and its temporal and geographic distributions within
Europe remain uncertain and debated. However, a significant number of the primary
human paleontologists working on this issue have either proposed some degree of Neandertal assimilation into early modern human populations in Europe (e.g., Bräuer, 1989,
2001a; Smith and Trinkaus, 1991; Frayer, 1993; Smith, 1994; Simmons, 1994; Wolpoff et
al., 2001) or have acknowledged the possibility of such admixture (e.g., Hublin, 1990, 2000;
Stringer, 1989, 1994, 2001; Gambier, 1992; Vandermeersch, 1995; Bräuer and Stringer,
1997). And analyses of both extant and fossil human DNA support and/or do not contradict
this interpretation (Nordborg, 1998; Jorde et al. 1998; Harding et al., 2000; Wall, 2000;
Relethford, 2001a; Templeton, 2002). Ironically, what has emerged is little more than an
Assimilation Model of modern human phylogenetic emergence, one which is primarily
more comprehensive, more global and more thoroughly documented than those first proposed two decades earlier.
It is therefore this framework into which the phylogenetic implications of the Lagar
Velho 1 morphological mosaic should be placed. More specifically, does Lagar Velho 1 provide additional data to support an Assimilation Model of the early modern human spread in
Europe, as has been proposed (Duarte et al., 1999)?
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Considerations in the Phylogenetic Assessment of Lagar Velho 1
Relevant Comparative Samples
As discussed in Chapter 16, the relevant samples for the assessment of evidence of
Neandertal - early modern human admixture in the Lagar Velho 1 remains are: 1) preceding
European Neandertals, and 2) roughly contemporaneous European early modern humans.
These are the only lineages that could have reasonably been directly ancestral to Lagar Velho
1, given the chronological position of the specimen and geographical constraints in the culde-sac of southwestern Europe. No other lineage could have served as its ancestor without
leap-frogging in time and/or space over one or the other of these groups.
It is well recognized that the ideal samples for this analysis would be western
European, especially southwestern European, Neandertals and early modern humans predating 25 000 years BP from the same region. However, Iberian Neandertal remains are
fragmentary and relatively rare, consisting of isolated crania, mandibles, teeth and a few
limb bones, only two of which (Devil’s Tower 1 and Piñar 3) are juveniles. There are no
associated Neandertal skeletons from south of the Pyrenees, and the closest ones in time
and space would be those of southwestern France, especially the Châtelperronian SaintCésaire 1 partial skeleton but also the later Middle Paleolithic ones from La Chapelle-auxSaints, La Ferrassie, and Roc de Marsal. Early modern humans are even less common and
more fragmentary from Iberia, being essentially unknown before the Solutrean; the only
pre-Solutrean remains appear to be the lost fragmentary ones from El Castillo (Garralda,
1989; Straus, 1992) and an occipital from Malladetes (Arsuaga et al., 2001a). The closest
ones in time and space are the late Aurignacian remains from La Quina and Les Rois, the
Aurignacian or Gravettian remains from Cro-Magnon, the unpublished Gravettian
remains from Cussac (Aujoulat et al., 2001), Gravettian remains from northwestern Italy,
and the partial skeleton from Paviland.
As a result of this paucity of directly relevant human remains, both of these samples
can be augmented by including morphologically and temporally similar human remains
from across Europe, but it is necessary to restrict the Neandertals to those from the early
last glacial (OIS 4 and OIS 3) and the early modern humans to those at least before the last
glacial maximum (ca.20 000 years BP ). More distant samples in time and space can be
relevant, but only for providing either out-groups or a general comparative framework for
morphological patterns and developmental trajectories among robust Pleistocene Homo. In
this sense, the Qafzeh-Skhul sample, with its large number of immature specimens,
becomes particularly appropriate. It also provides a general reference for the probable initial Out-of-Africa ancestral form.
The choice of these potential “ancestral” samples parallels conceptually what would be
used reasonably for assessing microevolutionary population relationships within the later
Holocene. For example, if one wanted to assess degrees of admixture between Moors and
Portuguese during the Islamic period, the reference samples would be preceding
Portuguese and their contemporaneous northwestern African populations. Samples from
further afield would serve only to provide an out-group framework for assessing the degree
of difference between the samples in question.
Consequently, the relevant reference samples for the evaluation of the morphological
mosaic of Lagar Velho 1 are the European Neandertals and early modern humans, plus other
samples (fossil and recent) to assess aspects of development, normal variation, underlying
biology, and integration.
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Developmental Age
The Lagar Velho 1 remains are those of a juvenile who died approximately during the fifth
year postnatal, and most assessments of morphological affinities are based on comparisons of
mature individuals from the relevant samples. This has led to comments that it is difficult to
assess phylogenetic issues based on an immature specimen, and that any such interpretations
are consequently questionable (e.g., Tillier, 2000). However, it should be kept in mind that it
is not unusual for immature specimens to provide major amounts of phylogenetic and paleobiological information in hominid paleontology (e.g., Taung 1, Olduvai Hominid 7, KNM-WT
15000, Perning/Modjokerto 1, ATD6-69, Qafzeh specimens). Moreover, and more directly
applicable to the issues here, there is an extensive literature documenting the importance of the
analysis of both Neandertals and early modern human immature specimens for our assessments of the biological similarities and differences between these two groups (e.g., Fraipont,
1936; de Lumley, 1973; Heim, 1982b; Tillier, 1983a, 1987, 1999; Hublin et al., 1987; Tompkins
and Trinkaus, 1987; Minugh-Purvis, 1988, 1998; Madre-Dupouy, 1992; Rak et al., 1994;
Mallegni and Trinkaus, 1997; Dodo et al., 1998; Stringer, 1998; Maureille and Bar, 1999;
Golovanova et al., 1999; Elyaqtine, 1999; Krovitz, 2000; Minugh-Purvis et al., 2000; Ishida
and Kondo, 2001; Ponce de León and Zollikofer, 2001).
Yet, it is fully recognized that many aspects of morphology change during growth and
development, and that the proportions of structures relative to each other can change
markedly during immature life. Indeed, one of us (ET) has previously assessed a variety of
aspects of this question in both recent and Pleistocene human remains (e.g., Tompkins and
Trinkaus, 1987; Ruff et al., 1994; Tardieu and Trinkaus, 1994; Mallegni and Trinkaus,
1997), extensive literature is available for many of the features in question here, and we have
provided in the comparative regional anatomical chapters above a variety of data and references documenting aspects of these developmental changes.
Moreover, each anatomical system needs to be evaluated on its own terms, since different
systems develop at contrasting rates; some appear in the mature form (e.g., dental crowns),
some achieve their mature form perinatally (e.g., temporal labyrinthine morphology), others
change little and in predictable manners during development (e.g., suprainiac morphology,
nasal aperture morphology, limb segment proportions, mandibular symphyseal orientation),
some change markedly but the contrasts in morphological developmental trajectories appear
early in development (e.g., many aspects of the facial skeleton), and others exhibit significant
changes during development. This is all part of normal biology and to be expected. There are
also other features (e.g., pollical phalangeal lengths and fibular diaphyseal morphology) for
which we do not currently know the developmental trajectories in Neandertals and modern
humans, and therefore they cannot be employed in phylogenetic assessments.
The assessment of these different patterns of development and the assignment of morphological features to developmental patterns is, and has to be, based on uniformitarian
principles. In this, given the phylogenetic proximity of both Neandertals and early modern
humans to extant humans, the uniformitarian sample of choice is recent humanity.
Therefore, if a developmental pattern can be shown to exist among recent humans, it should
be applicable to the Late Pleistocene fossil record unless paleontological data exist to contradict such an application. To date, none of the Late Pleistocene immature remains has
been shown to contrast with normal modern human patterns of variation in their developmental trajectories, whatever the actual morphological form might be.
Arguments that the samples of immature Late Pleistocene Neandertals and/or early
modern humans are inadequate to assess developmental patterns for those human groups
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(e.g., Hublin, 2000; Tillier, 2000) are rarely appropriate. Indeed, the normal procedure
(e.g., Tompkins and Trinkaus, 1987; Tillier et al., 1995; Mallegni and Trinkaus, 1997; Dodo
et al., 1998; Tillier, 1999; Duarte et al., 1999; Cunha, 1999; Kondo and Ishida, 2001; Ponce
de León and Zollikofer, 2001; see especially Chapters 17, 22, 25, 29 and 30 above) is to establish a growth pattern based on recent human samples and then to determine where the fossil immature specimens fall relative to that growth trajectory. It is statistically routine to then
assess the degree of difference between the fossil specimen(s) and the recent human reference sample. For many, but clearly not all morphological complexes, there is a sufficient
number of immature specimens to assess whether the sample in question falls on the same
trajectory as the recent human reference sample and the direction of its deviation (if any).
Moreover, the use of sufficiently large recent human immature samples increases statistical
power and thus allows appropriate analyses of the fossil specimens.
Consequently, as discussed in detail in the preceding chapters for most of the morphological features of concern here, it is possible to assess whether the morphological configurations of Lagar Velho 1 align it more closely with one or the other of these reference
samples, or whether there is too large an overlap in the known or expected ranges of variation (in a probabilistic distributional sense) between the reference samples to evaluate the
affinities of Lagar Velho 1 for the feature in question.

Pathological Alterations and Development
It is of concern to assess whether the Lagar Velho 1 individual, other than its deceased
state, sustained pathological lesions or developmental abnormalities that would have altered
its morphological patterns. Although there are lesions on the specimen, all of them are
minor. Moreover, there are several indications of normal developmental processes.
The dental remains exhibit no macroscopic developmental defects of the dental enamel
(enamel hypoplasia), although there are minor ones at a microscopic level (Chapter 31). None
of them indicates more than the most minor of systemic developmental insults. These are associated with minor transverse lines adjacent to the metaphyses of several of the long bones,
especially of the lower leg and the feet (Chapter 31). There was a mild periosteal reaction on the
external anterolateral mandibular corpus, but the new bone on the surface is thin and has not
altered the adjacent contours of the mandible. And the left radius sustained a minor traumatic injury to its lateral midshaft, which altered the immediately adjacent cortical bone endosteally and subperiosteally but did not affect the remainder of the radial diaphysis (Chapter 31). All
of these lesions are minor to trivial, and for the only one that altered the adjacent morphology
(the radial injury), the morphological assessment can easily correct for the lesion.
There are several aspects of the axial and lower limb skeleton that are developmentally
plastic and will reflect any abnormalities in postural or locomotor development. These involve
the development of the sinusoidal curve of the iliac crest, of the torsional curvatures of the
ribs, and of the angular orientations of the femoral neck, the femoral condylar metaphysis,
the tibial condylar metaphysis, the metatarsal heads and the hallucal phalanges. They also
include the trabecular patterns of the proximal femora and tibiae. All of them indicate fully
normal patterns of development for an active juvenile (Chapters 27 to 29). In addition, the
diaphyses of the femora and tibiae exhibit levels of robusticity which are similar to those of
other Pleistocene juvenile lower limb bones once they are appropriately scaled for the body
and limb segment proportions of the individual (Chapter 29). This is confirmed by the low
level of asymmetry of those diaphyses, indicating normal balanced loading of the lower limbs.
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The various indications of developmental status, including cranial synchondrosis formation and fusion, epiphysis formation and metaphyseal morphology, are all in agreement
with the estimated age-at-death from the dentition of the second half of the fifth year postnatal (Chapter 15). There is a slight delay in the formation of a few of the epiphyses, but all
of them appear to be well within normal recent human ranges of variation, especially given
the margin of error in the dental age assessment. There is a modest delay relative to early
modern humans and most recent humans in the closure of the foramen of Huschke
(Chapters 15 and 17), although it remains within the range of variation of the latter.
Consequently, even though Lagar Velho 1 sustained a set of the minor insults that are
common to most recent human juveniles and must have been for Pleistocene children,
there is nothing in the observable pathological lesions or the indications of postural and
locomotor function to indicate anything other than a normally developing child.

Archeological Association
It has also been suggested (e.g., Raposo, 1999; Tattersall and Schwartz, 1999) that the
Gravettian age and archeological associations of Lagar Velho 1 should have some bearing on
the interpretation that it exhibits a mixture of Neandertal and early modern human ancestry. The similarities of its burial ritual, with abundant ochre and body ornaments, to those
of Gravettian early modern humans across Europe have been especially noted. These archeological similarities have been used to argue that the child’s social group was fully Upper
Paleolithic in its behavior (something with which we agree) and therefore its ancestry must
have been fully “modern” (with which we do not agree). This line of reasoning exhibits a profound confusion between human biology and culture, a linking of the two in a manner that
was explicitly rejected in sociocultural anthropology a century ago. The archeological context
of the child, other than providing a chronological and cultural context for the individual, has
no bearing on any interpretations regarding its human phylogenetic significance (see also
Chapter 33)

The Morphological Mosaic of Lagar Velho 1
The phylogenetic assessment of the morphological characteristics of Lagar Velho 1
involves dividing characters into those which are distinctively early modern human, those
which are distinctively Neandertal, those which occur in higher frequencies among the former, and those which occur in higher frequencies among the latter. There are also a number of features discussed in the preceding chapters which the two reference groups share,
either as ancestral traits or as shared derived features relative to earlier Early and Middle
Pleistocene presumed common ancestors; those shared traits are not considered here. There
is also a number of features for which the morphology is ambiguous, either due to fragmentation or unclear developmental trajectories; these aspects are not considered here
although they are discussed in the preceding chapters.
Any such division of traits into these polarities is to a degree artificial, since we know
that the individual lived for half a decade as a functioning human. Therefore, the characters
must have been biologically integrated and not put together into some form of a chimera.
Moreover, it is unlikely that all of these traits were biologically independent, given the constraints of functional and structural integration and forms of pleiotropy. However, except in
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a few cases, we do not know these patterns of integration. The traits are therefore presented
largely as separate entities, with possible patterns of integration discussed as appropriate.
The relative distributions of the traits between the categories will be considered, but it would
be fallacious to treat them all as independent characters in any quantitative assessment of
the individual’s affinities.
It is also difficult to conceptualize these traits in all cases as simply early modern or
Neandertal in a European context, if indeed some degree of admixture took place between
Neandertals and in-dispersing early modern humans to the north and east of western Iberia.
If some degree of assimilation of other European Neandertal populations had taken place,
then those early modern human populations dispersing south of the Ebro Frontier already
had both early modern human and Neandertal ancestry. If the assimilation was sufficiently
large or recent to lead to the presence of some Neandertal traits in those early modern
human populations, it may well have obscured the ultimate polarities of some of the traits
in question. Such a mixture of “Neandertal” and “early modern human” features in the populations dispersing across the Ebro Frontier would bias the analysis toward minimizing the
perceived mix of characters in Lagar Velho 1, since it would reduce the morphological distance between the Neandertals and Gravettian early modern humans and make “Neandertal
features” appear less distinctive of the Neandertals. Indeed, for this reason several of the features listed as occurring in higher frequencies among the Neandertals may well have been
distinctive Neandertal features had such prior admixture not taken place.

Characteristics Indicating Early Modern Human Ancestry
As previously noted (Trinkaus et al., 1999b), Lagar Velho 1 is principally a “modern
human child with genetically-inherited Neandertal traits.” Consequently, the majority of the
diagnostic traits preserved on the skeleton align it with European early modern humans.
These traits include a series of cranial features (Chapters 17 to 20 and 22), mandibular aspects
(Chapter 21), a couple of dental ones (Chapters 23 and 24), and a few postcranial aspects
(Chapters 28 and 30).
The overall cranial shape, including the relative cranial breadth, are similar to those of
early modern humans. The supraorbital region lacks the swelling for the incipient supraorbital
torus seen in Neandertal juveniles. The mastoid processes are both large, making them especially similar to European early modern humans, and they project laterally from the coronal
contour of the neurocranial vault, rather than rounding inferomedially as do those of the
Neandertal immature and mature temporal bones. The auditory meatus is not diagnostic in its
oval shape, but the anterosuperior to posteroinferior orientation of the major axis of the meatus is similar to those of recent humans and contrasts with the orientation of the major axis of
ovoid Neandertal meatus. The auditory ossicles are modest in size and morphologically similar to those of early and recent modern humans. In the nasal region, the pre-maxillary suture
is fully fused and obliterated, and the nasal height and breadth are modest, both of which align
it with Upper Paleolithic early modern humans. In addition, the nasal aperture is piriform
rather than squared (in contrast with the derived Neandertal pattern), and the inferior nasal
aperture margin is convexly rounded anteroposteriorly, providing a sub-nasal gutter, a configuration present in some European early modern humans but absent from the last glacial
Neandertals [a rounded margin is present in earlier European and non-European archaic
Homo, but not in the early last glacial Neandertals (Franciscus, 1995)]. And the interorbital
breadth is rather small for all of the samples but closest to the early Upper Paleolithic one.
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The Lagar Velho 1 mandible is most notable for its prominent mentum osseum with a
clearly projecting tuber symphyseos and strongly projecting lateral tubercles. Together these
form a prominent trigonum mentale (tuberculum laterale and tuber symphyseos). The evolution
of the modern human chin is one of the differential development of the portions of the
trigonum mentale and other associated features of the mentum osseum, and not the evolutionary appearance of novel features, since most of these detailed aspects of the “chin” are
present in both immature and mature Neandertal mandibles, as well as in some earlier
archaic Homo specimens (Mallegni and Trinkaus, 1997; Dobson and Trinkaus, 2002). What
aligns the Lagar Velho 1 anterior mandibular symphysis with a minority of European early
modern humans and especially more recent humans is the size and projection of these features, and not merely their presence.
In addition, the Lagar Velho 1 mandible exhibits a narrow anterior dental arcade, one
which is narrow relative to both those of immature Neandertals and those of juvenile early
modern humans. It is likely that this is related to the relative dimensions of the permanent
mandibular anterior teeth, since at least the I2 of Lagar Velho 1 is relatively small and its size
relative to the M1 is well within early modern human ranges of variation and separate from
the Neandertal distribution. In addition, the maxillary incisors exhibit moderate doubleshoveling, which is relatively rare among European early modern humans and is unknown
among the Neandertals with their mesiodistally strongly convex labial maxillary incisors.
The two distinctly early modern human postcranial traits relate to body laterality, clavicular length and pubic breadth. The relatively short clavicle of Lagar Velho 1 distinguishes
it from the long ones of Neandertal adults and at least one Neandertal child, and the relatively mediolaterally short superior pubic ramus contrasts with the longer ones of immature
Neandertals. The other postcranial similarity to early modern humans and contrast with the
Neandertals, femoral robusticity (when scaled only to femoral length), relates to these body
proportions, since it reflects habitual baseline load levels on the lower limbs from the body
core; a narrow trunk reduces the load levels and hence the femoral robusticity for a given
overall level of activity. Since Neandertal and European early modern human adults have
similar levels of femoral and tibial diaphyseal robusticity once body proportions are taken
into account (Trinkaus et al., 1999c; Ruff et al., 2000), and their neck-shaft angles (reflecting immature locomotor load levels) are the same (Trinkaus, 1993b), it is expected that their
juveniles would have had similar activity levels.

Characters Indicating Neandertal Ancestry
There are only a few aspects of the Lagar Velho 1 skeleton which are clearly distinctively Neandertal in their configurations (Chapters 17 and 25). The semispinalis capitis fossae
on the occipital bone are strongly marked and clearly separated along the midline; this is in
contrast to the early modern human arrangement in which they are both more modest in
development and meet along the midsagittal line. In addition, the large projection of the juxtamastoid eminence, when measured from the Frankfurt horizontal and considered separately from the large and bulbous mastoid process, aligns Lagar Velho 1 with the Neandertal
juveniles and separate from early modern human juveniles; it is only much older early modern human immature specimens who match the juxtamastoid projection seen in both of the
temporal bones of Lagar Velho 1.
The crural proportions, or tibial to femoral length proportions, of Lagar Velho 1 (the
first Neandertal feature to be noticed on the remains) are distinctively within the Neandertal
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range compared to juvenile specimens of both groups, and its predicted adult value is close
to the Neandertal sample mean even though the 95% confidence interval for it overlaps the
lower end of the early modern human range of variation. A secondary effect of these limb
segment proportions biomechanically, the relative levels of femoral versus tibial robusticity
(measured solely relative to bone length), fully aligns Lagar Velho 1 with the Neandertals
(Chapter 29).
The short distal limb segment of Lagar Velho 1 lower limb is unlikely to be the result of
either developmental plasticity or short-term evolutionary changes. As discussed in Chapter
25, nutritional effects are unlikely to have short-term effects on these limb segment proportions, and short-term climatic stress during development, although it can alter overall body
size and proportions, does not produce any consistent effects on limb segment proportions.
Moreover, as mentioned in Chapter 25, it is also very unlikely that these crural proportions
could have occurred as a result of short-term (genetic) adaptation to last glacial climates in
coastal Portugal (contra Stringer, 2001). There are immature and mature Gravettian human
remains from between 24 000 and 27 000 years BP from coastal Wales (Paviland), the central European plain (Dolní Věstonice) and northern Russia (Sunghir), all of which experienced considerably colder temperatures than western Iberia throughout OIS 3 (van Andel,
2002). Yet, all of the individuals from these sites exhibit high (tropical) crural indices
(Holliday, 2000b; Kozlovskaya and Mednikova, 2000; Sládek et al., 2000), indicating little if
any adjustments in limb segment proportions (developmental or genetic) to cold stress during the first 10 millennia after the establishment of early modern humans in these regions.
In addition, the “cold adapted” body proportions of Lagar Velho 1 are reflected principally in the relatively short tibiae and fibulae and their diaphyseal robusticity, and to a lesser extent in its brachial proportions (Chapter 25), whereas aspects of the trunk indicate relatively “warm-adapted” proportions; even though some mosaic of changes in these proportions has been documented in other Gravettian remains (principally in trunk breadth in the
opposite direction) (Holliday, 1997a, 2000b), none of them has the degree of contrast seen
in Lagar Velho 1. It appears unlikely that one portion of the body (the distal legs and to a lesser extent the forearms) would respond to short-term climatic adjustment whereas the rest
(body breadth) would not.
There are two other aspects of the skeleton that might be considered as distinctive
Neandertal features, the presence of a suprainiac fossa and the retreat of the anterior
mandibular profile. The former has been considered to be a uniquely derived Neandertal
feature (Santa Luca, 1978; Hublin, 1978b; Stringer and Hublin, 1999), and it is entirely
absent from the two European earlier Upper Paleolithic early modern human juvenile occipital bones; however, the presence of similar features in a minority of early modern humans
means that it should conservatively be considered among features occurring more commonly among the Neandertals. Similarly, although the anterior symphyseal angle of Lagar
Velho 1 is significantly outside of the early modern human range of variation (Chapter 21),
it is approached by Předmostí 2 mandible (but see below) and is therefore not considered to
be distinctively Neandertal.

Characters Which Occur in Higher Frequencies Among Early Modern Humans
The Lagar Velho 1 remains exhibit several features that occur (or are likely to occur) in
both samples but are more common or more strongly expressed in the European early modern human sample (Chapters 17, 21, 23 and 29).
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The first of these features is the degree of sagittal, or bregma-lambda, curvature;
although both of these Late Pleistocene samples are relatively platycephalic, the early modern human one is less so and Lagar Velho 1 is closer to it. One feature that reflects the relative shortness of the Lagar Velho 1 facial skeleton, maxillary zygomatic root position at the
dm2, places it closer to the early modern human juveniles but not fully separate from the
Neandertals. However, a parallel reflection in the mandible, the mental foramen at the dm1,
does not distinguish the immature samples (as it does the mature ones) and therefore provides little information on facial projection in these juvenile specimens. The labyrinthine
morphology, although close to the Neandertal pattern in some aspects, is more closely
aligned with the modern human pattern.
In the mandible, the mandibular notch shape is largely symmetrical, and there is no
trace of a distinctive superior medial pterygoid tubercle. Both configurations are known for
Neandertals (immature and mature), but they occur more commonly among early modern
humans. And the absence of a mid-trigonid ridge on the M1 is more common among early
modern humans, as are the modest shoveling and lingual tubercles of the maxillary incisors.
Two upper limb features place Lagar Velho 1 closer to its early modern human contemporaries but do not completely distinguish it from the Neandertals. These include the
anterior rotation of the radial tuberosity and the absence of an opponens pollicis crest on the
first metacarpal. Interestingly, one of the Neandertals to exhibit a more anteriorly rotated
radial tuberosity is the Saint-Césaire 1 Châtelperronian specimen, suggesting that this feature may not separate late Neandertals from early modern humans. The modest radial lateral curvature of Lagar Velho 1 appears to align it more with more mature early modern
humans, but it does not distinguish it from juvenile Neandertals and is therefore not included among these features.

Characters Which Occur in Higher Frequencies Among Neandertals
A similar number of features of Lagar Velho 1 place it closer to, but not exclusively with,
the Neandertals (Chapters 17, 21, 25, 29 and 30). In the neurocranium, these include the
anteriorly dominant meningeal sulci on the parietal bones, the presence of a suprainiac
fossa, and the vertical position of the posterior zygomatic root relative to the auditory meatus. Even though the suprainiac fossa has been considered a distinctive Neandertal feature,
it is considered here conservatively as only a Neandertal-like feature given the rare presence
of similar features among early modern humans. In the superior facial skeleton, the thickening of the supraorbital margin is close to those of Neandertal juveniles and is at the robust
end of the range of variation of early Upper Paleolithic juvenile specimens, whereas the
frontal process of the zygomatic bone is strongly built (Chapter 17).
The otherwise modern appearing mandible is exceptional for its degree of anterior symphyseal retreat, a degree that is all the more marked if one takes into account the strongly
projecting mentum osseum. Were the mentum osseum reduced in size, similar to those of
Miesslingtal 1 and La Quina 25, as well as of the older Les Rois 1 and Sunghir 2, the anterior angle would be even further from those of the other early Upper Paleolithic early modern
Europeans. Yet, it is possible (but not ascertainable) that the Předmostí 2 mandible had a
similar degree of retreat, but if so, it would clearly be at the low end of the range of variation
otherwise documented for European early modern human juveniles; it is for this reason that
this feature is listed here as “Neandertal-like” rather than distinctively “Neandertal” (alternatively, it remains possible that the configuration in the Předmostí 2 mandible indicates
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previous admixture in central Europe and that this feature should in fact be considered as a
“Neandertal” trait).
In the postcranial remains, three features of the upper limb, the degree of development
of the pectoralis major tuberosity on the proximal humeral diaphysis, the modest brachial
index, and the pronounced ulnar deviation of the distal pollical phalanx, place Lagar Velho 1
closer to the Neandertals. And in the lower limb, the degree of tibial condylar posterior displacement is marked, as it is in Neandertals and more so than in European early modern
humans.

The Nature of the Mosaic
In addition to the polarities of these various traits towards early modern humans or the
Neandertals in the Lagar Velho 1 child, the nature of the mosaic for several complexes suggests an unusual combination of its ancestry. For example, the mastoid process is distinctly
modern in its size and shape, but the juxtamastoid eminence is close to those of the
Neandertals. The general supraorbital configuration is distinctly modern, but the degree of
hypertrophy of the superior orbital margin and the frontal process of the zygomatic bones is
archaic. The crural index aligns it with the Neandertals, but the indications of body breadth
place it among the early modern humans. And the mentum osseum is derived in a modern
human form, yet the symphyseal retreat aligns it with archaic humans.
These combinations of features, which are expected to generally covary given documented morphological patterns and, in some cases, underlying biology, are unusual. Some
of them could be the products of individual variation or mosaic evolution during the
European Upper Paleolithic, but to find a suite of disjunctions in expected combinations of
associated features suggests more than just individual variation.

The Ancestry of the Lagar Velho 1 Morphological Mosaic
From this complex list of features of Lagar Velho 1 and their affinities to either
Neandertals or European earlier Upper Paleolithic early modern humans, it is apparent that
the morphological mosaic is real. Moreover, the features derive from various aspects of the
skeleton and dentition, such that appropriate functional and structural integration might
reduce the number of features, but it would not eliminate the mosaic. The mosaic is sufficiently documented not to be wished away.
A few of these features are potentially developmentally plastic, and the exact configuration seen in Lagar Velho 1 may well reflect some complex interaction between the individual’s genotype and its environment prior to death. However, most of them are minimally
altered by the environment except in cases of pathological lesions (not an issue here - see
above), and the most plastic of them (femoral and tibial robusticity) must reflect a baseline
due to body size and proportions combined with normal posture and locomotion.
Since evolution consists of changing distributions of characters (however delimited),
and since such distributions can only be assessed in a probabilistic framework, it is appropriate to view this morphological mosaic in such a probabilistic framework. In other words,
if the null hypothesis is that Lagar Velho 1 is simply a European Gravettian early modern
human juvenile (i.e., Ho: Lagar Velho 1 = European Gravettian early modern human juvenile), is it possible to reject this hypothesis?
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We do not have (and will never have) adequate paleontological samples to assign precise numerical probabilities to each of the configurations seen in the Lagar Velho 1 remains.
However, it is apparent that the probabilities of each set of (presumably) independent traits
should multiply to produce the ultimate result. One can therefore assign probabilities to
each of the traits listed above. It is fully recognized that there is a degree of arbitrariness in
this exercise. However, since the Lagar Velho 1 morphological mosaic must be assessed in
a probabilistic framework, any distortion engendered by this exercise is outweighed by the
emphasis on the distributional and probabilistic nature of the assessment.
Given the Ho that Lagar Velho 1 is a normal Gravettian early modern human, the probabilities should be 1.00 for the “early modern human” traits and 0.00 for the “Neandertal”
ones. Probabilities of 0.75 and 0.25 can be assigned respectively to the “early modern human
like” and “Neandertal like” ones. One can also conservatively condense some of the traits
that might be linked (e.g., delete femoral and tibial robusticity since they reflect body proportions, combine dental arcade and anterior-posterior dental proportions, combine supraorbital margin and zygomatic frontal process thickening, and merge overall cranial shape
and relative cranial breadth).
The initial result is as follows. The probability of Lagar Velho 1 representing a normal
European Gravettian early modern human juvenile is: 0.00. The presence of any distinctive
Neandertal feature is therefore sufficient to exclude Lagar Velho 1 from being expected within the normal distribution of European early modern humans.
However, since one could argue based on the limited sample sizes that the few
“Neandertal” features do not have a P = 0.00 but rather one somewhat above that, they can
then be conservatively assigned a P = 0.10. Note that any such adjustments bias the results
in favor of accepting the null hypothesis. Yet, using P = 0.10 for the Neandertal traits, 0.25
for the Neandertal-like traits and 0.75 for the early modern human traits still provides a highly significant rejection of the null hypothesis, with a P = 2.86 x 10-10.
One could more conservatively only consider those traits that have been classified as
“Neandertal” or “Neandertal-like”. This provides a P = 3.81 x 10-9. Or, if one considers that
none of the traits is truly unique to the Neandertals and assigns probabilities of 0.25 to each
of the “Neandertal” and “Neandertal-like” features and ignores the “early modern human”
ones (the same as giving the last all P = 1.00), the resultant P-value remains low, at P = 5.96
x 10-8. These values are certainly exaggerated by the number of traits involved, since they are
the products of the individual assigned probabilities. However, if one extremely conservatively assigned a probability of 0.50 to each of the “Neandertal” and “Neandertal-like” features, and probabilities of 1.00 to the “early modern human” ones, the resultant P-value is
2.44 x 10-4. This value is still very low and indicates a clear rejection of the null hypothesis
that Lagar Velho 1 represents a normal early modern human. Consequently, adjustments in
the assigned probabilities might reduce the level of significance, but they are unlikely to
make it other than highly significant.
Lagar Velho 1 is therefore extremely unlikely to be an individual randomly sampled
from a representative European Gravettian early modern human population. The same calculation for the null hypothesis that Lagar Velho 1 is a normal Neandertal yields an even
lower P-value (P = 2.86 x 10-23), making it also extremely unlikely that this individual represents a normal Neandertal (a conclusion which was rejected from the beginning on the basis
of derived modern human features in the skeletal remains).
Obviously these numbers are approximate, but they should be sufficient to demonstrate that both of these null hypotheses can be rejected in a probabilistic framework, and
that this skeleton is not just another juvenile from one or the other of these European Late
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Pleistocene human populations. The next step is to consider alternative scenarios. The influences of developmental age, abnormalities and short-term adaptation have been addressed
above and rejected. The only other alternative of which we are aware is a mosaic of characteristics due to some combination of initial Upper Paleolithic early modern human and
Neandertal ancestry in the Lagar Velho 1 individual.
The admixture interpretation of this individual’s morphology, based on far less paleontological evidence than has been presented here, has been public for more than three years
(de Sá, 1999; Duarte et al., 1999). Our challenge to the field was, in effect, that this is the most
reasonable interpretation of which we can conceive: please provide us with testable alternatives that fit the data and human biology. The published responses to date have accepted our
interpretation (e.g., Aguirre, 2000; Wolpoff et al., 2001; Adcock et al., 2001; Relethford,
2001a; Kaufman, 2001), equivocated regarding it (e.g., Hublin, 2000; Stringer, 2001), or misrepresented the paleontological data and/or our arguments (e.g., Tattersall and Schwartz,
1999; Cunha, 1999; Tillier, 2000) (we do not include quotes in the public media, since they
are frequently incomplete and/or unreliable). No one has proposed an alternative interpretation that conforms to the data and acceptable biology. The admixture hypothesis therefore
stands.

The Issue of Admixture
Admixture, interbreeding, population assimilation or (more appropriately in the case of
distinct species) hybridization is a common phenomenon when distinct populations (or
even subspecies) of a given species meet after long periods of complete isolation or isolation
by distance. Whatever behavioral (cultural or non-cultural) differences might exist between
the previously separate populations, these are rapidly overshadowed by basic underlying
behavioral similarities and some level of admixture takes place. The only documented cases
of true human populational separation when distinct groups come into contact with each
other are in recent historical cases of complex society human groups in which there are
strong rules of endogamy and/or banishment of any offspring of admixture with neighboring groups. Non-human primates and other mammals do not incorporate such social rules.
Morphological analyses of admixture in human populations (e.g., Walter, 1981;
Relethford and Lees, 1981; see Chakraborty, 1986) are able to document such admixture up
to a millennium after its original occurrence. Indeed, one of the best examples of such
admixture, that of the peopling of Iceland (Walter, 1981; Chakraborty, 1986), involves derivation from ancestral populations of northwestern Europe, none of whom differed markedly
from each other in the global framework of modern humans. The degree of differentiation
of the ancestral populations from Scandinavia and the British Isles was certainly far less
than between the Neandertals and Gravettian early modern humans, yet morphologically it
has been possible to document the previous populational admixture a millennium later.
Population genetic assessments of human and non-human population admixture (e.g.,
Walter, 1981; Chakraborty, 1986; Long et al., 1991; Bertorelle and Excoffier, 1998; Parra et
al., 1998, 2001) provide more detailed assessments of the original or ongoing patterns of
admixture and are able to document the persistence of ancestral population characteristics
at least a millennium after the period of initial population contact and admixture, even given
continued admixture between culturally defined groups.
At the same time, there is a growing literature on interspecific and intersubspecific
hybrids among non-human primates [the issue of specific versus interspecific hybridization
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is increasingly a semantic one, since evidence of hybridization with fertile and viable offspring is frequently taken as an indication of conspecific status (the Biological Species definition per Mayr, 1963) and hence a shift of what would have been called interspecific
hybridzation to labels of intersubspecific hybridization or intraspecific admixture]. Documented cases usually involve contact between previously separate populations as a result of
geographical changes in ranges due to natural or humanly-induced processes or as a result
of ecological disturbance from either human or natural causes. They also occur along ecological gradients in which two species (or subspecies) remain largely separate but overlap in
a “hybrid zone” due to contrasting ecological preferences. Cases in captivity are also documented. The interspecific cases in the wild involve species of Hylobates (Brockelman and
Srikosamatara, 1984; Marshall and Sugardjito, 1986), Papio (Kummer, 1971; Nagel, 1973;
Phillips-Conroy and Jolly, 1986), Macaca (Bynum et al., 1997; Schillaci and Froehlich,
2001), Callithrix (Coimbra-Filho et al., 1993) and Saguinus (Coimbra-Filho et al., 1993).
Intraspecific, or intersubspecific, hybrids are known in the wild for populations of Lemur
and Varecia (Tattersall, 1993; Vasey and Tattersall, 2002) and Saguinus (Cheverud et al.,
1993; Peres et al., 1995). In addition, intergeneric and fertile hybrids have been documented for Papio and Theropithecus (Markarjan et al., 1974; Jolly et al., 1997). This partial list of
non-human primate hybrids is sufficient to document that such admixture or hybridization
is not uncommon when the appropriate circumstances for its occurrence arise [see Jolly
(2001) for an extensive discussion of both primate hybridization and its implications for
human evolution].
Among other mammals, hybrids are well documented for species of Canis (Kolenosky,
1971; Mengel, 1971; Lehman et al., 1991), Cervus (Goodman et al., 1999 and references therein) and Thomomys (Patton, 1993), among others. And a variety of avian natural hybrids are
known (Gray, 1958; Moore, 1977; Saino et al., 1992). Indeed, natural hybrids and associated
hybrid zones are sufficiently common in vertebrates (including eutherian mammals) that
their analysis is an important component of ongoing research to understand the processes
involved in speciation, species divergence, and species persistence in a dynamic natural
world (e.g., Harrison, 1993; Arnold, 1997; Allendorf et al., 2001).
Most of the literature is concerned with the behavioral, reproductive and (increasingly)
molecular aspects of such hybrid zones, and relatively little is concerned with morphological characteristics. However, there are sufficient data from these hybrids to document what
any cross-breeder of domestic animals or any observer of recently admixed modern human
populations knows intuitively; namely, the physical characteristics of the subsequent generations exhibit a complex and usually unpredictable mixture of distinctive characters from
both ancestral groups (directional dominance), as well as both intermediate characters (additive) and unique ones (over- or under-dominance) (Mengel, 1971; Nagel, 1973; Markarjan et
al., 1974; Cheverud et al., 1993; Coimbra-Filho et al., 1993; Peres et al., 1996; Jolly et al.,
1997; Bocheňski and Tomek, 2000; Schillaci and Froehlich, 2001; Bynum, 2002). These
traits may be in the external (dermal) features, in body proportions, in skull shape, postcranial size and shape, and/or dental proportions, and in most cases the degree of involvement
of detailed features of the dentition or skeleton are unknown. However, it has been shown
to be possible to distinguish galliform hybrids osteologically using a combination of discrete
traits and osteometric values (Bocheňski and Tomek, 2000). Moreover, even rare hybridization may result in significant, but apparently random, introgression of genetic alleles into
the other population, with most individuals showing evidence of prior hybridization at a limited number of loci (Goodman et al., 1999), apparently thus providing the molecular basis
for the observed morphological mosaics (see Jolly, 2001).

chapter 32

515

| PHYLOGENETIC IMPLICATIONS

What emerges from these examples is that admixture, or hybridization, is rare but by
no means exceptional among social primates (and other vertebrates) and that the resultant
offspring, whether the F1 generation or subsequent generations, exhibit a complex and usually unpredictable mixture of features. Given the unusual morphological mosaic of Lagar
Velho 1 relative to both Neandertals and European early modern humans, and especially its
complex mix of features that resemble one or the other of these potential ancestral groups,
it fits closely the expectation (in a general sense) of what would occur should Iberian
Neandertals and early modern humans have blended their populations when the latter dispersed south of the Ebro Frontier sometime after 28-30 000 years BP. Indeed, reasonable
reconstructions of the human social landscape in Iberia after early modern humans spread
into the peninsula suggest that it most likely represented a kind of cultural ecotone, not
unlike the kinds of natural ecotones which are the locations of most natural hybrid zones
(Moore, 1977; Patton, 1993).

The Implications of Lagar Velho 1 for the Phylogenetic Fate of the Neandertals
From these considerations of current perceptions of the phylogenetic emergence of
modern humans in the Late Pleistocene, of the morphological mosaic of the Lagar Velho 1
remains, and from the occurrence and patterns of admixture among non-human primate
and some other species, it is apparent that Lagar Velho 1 provides additional evidence for the
assimilation of Neandertal populations into those of early modern humans during OIS 3 in
Europe. This juvenile’s skeleton provides paleontological evidence that, when early modern
humans encountered indigenous Neandertal populations in at least one area of Iberia, those
Neandertals were seen as potential mates and that offspring ensued.
From the frequent proposals over the past two decades that some degree of admixture
occurred, or may well have occurred, when in-dispersing early modern humans encountered
Neandertals across Europe, this interpretation should not be surprising. However, Lagar
Velho 1 is the first reasonably complete and associated skeleton, providing data on almost all
anatomical regions, to provide a clear indication of such admixture.
The primary implication of Lagar Velho 1 for the phylogenetic fate of the Neandertals,
therefore, is that those late archaic humans were, to some extent, absorbed into the probably larger populations of early modern humans.
The broader implication of Lagar Velho 1 is a final rejection of the Late Pleistocene Outof-Africa with complete replacement scenario for modern human emergence. A model of
Out-of-Africa with admixture/assimilation, one that reflects the complexities of natural populational processes, appears to be the best and most comprehensive model for at least the
emergence of modern humans in Europe.
Lagar Velho 1 also, hopefully, will help us to move beyond the simplistic, categorical and
artificial phylogenetic models of modern human emergence that have dominated paleoanthropology for most of the past century, and to see this evolutionary period in the temporal,
geographical and populational complexity that undoubtedly existed. Only then will we be able
to look at the Neandertals and early modern humans as part of the evolutionary dynamic that
led to more recent modern humans, and not merely as “us” versus “them”.
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ADDENDUM:
What Lagar Velho 1 Does Not Tell Us About Modern Humans and the Neandertals
The Level of Admixture
The Lagar Velho 1 skeleton documents some degree of admixture between Iberian
Neandertals and early modern humans. It does not tell us what the frequency of that was
within the local populations or the distribution of the admixture across Estremadura, Iberia
or Europe. It merely documents its presence at some level greater than zero. As one of us
stated a decade and a half ago:
once there is agreement that at least some Neandertals could have contributed to the
gene pools of subsequent populations of early anatomically modern humans, it may not
be possible to determine from the fossil record to what extent the Neandertals can be
included in the ancestry of recent humans. (Trinkaus, 1984a: p. 259)

The Persistence of Neandertal Characteristics
Lagar Velho 1 does not tell us for how long Neandertal characteristics persisted in subsequent lineages of early modern humans in Europe. We know that Lagar Velho 1 had no
descendants, unless it suffered from an extreme form of precocious puberty, which would be
evident in skeletal abnormalities. The scarcity of distinctive Neandertal features in some
regions of Europe five to ten millennia after the appearance of early modern humans in that
region suggests that most of the direct evidence of Neandertal ancestry slowly disappeared in
those regions. For this reason, we have no knowledge of whether there is direct Neandertal
ancestry in extant Europeans. Given the complex population dynamics of even the past few
millennia, we would doubt it very much. But this issue, as well as statements concerning it
primarily from analyses of Neandertal and recent human DNA, is irrelevant to our understanding of the human population dynamics of Late Pleistocene Europe and the evolutionary
processes which led to the disappearance of what we recognize as Neandertals.

Geographic Variation in the Degree of Assimilation
The evidence for Neandertal - early modern human admixture in southwestern Iberia
tells us little about the presence/absence or level of such admixture elsewhere in the
Neandertal range (or elsewhere in the Old World outside of the presumed northeastern
African area of modern human emergence). It merely documents that it may well have
occurred. Specifically, it indirectly supports arguments (e.g., Smith, 1984; Bräuer, 1989;
Smith and Trinkaus, 1991; Wolpoff et al., 2001) for such Neandertal - modern human
admixture in central Europe by showing that it may well have occurred given the opportunity. Indeed, the temporal overlap of late Neandertals and early modern humans in southcentral Europe (Smith et al., 1999) presented that possibility.
Yet, even though Lagar Velho 1 makes such central European admixture more plausible, it does not inform us as to the level of such admixture or the persistence of “Neandertal”
traits in the subsequent populations of early modern humans. The current evidence for such
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Neandertal trait persistence (Smith and Trinkaus, 1991; Frayer, 1993; Holliday, 1997a) tends
to be modest and primarily evident in the earliest early modern human remains, those with
temporal overlap with the late Neandertals. By the time of Lagar Velho 1 (e.g., BrnoFrancouzská, Dolní Věstonice, Pavlov), only a few Neandertal features persist.

Taxonomic Issues
The interpretation of Lagar Velho 1 tells us nothing about the formal taxonomic status of
the Neandertals. Whether one chooses to include them within Homo sapiens or one resurrects
“Homo neanderthalensis” for them is a matter of taste. It should ideally be a matter for biological analysis, but its resolution depends upon which characters one chooses to employ (one
can always find a set to fall within or outside of the expected ranges of intraspecific variation),
which species one chooses to employ for a standard for intraspecific variation, the model/definition of a species (reproductive, phylogenetic, behavioral or morphological) one prefers,
whether one’s approach is phenetic or cladistic, and one’s personal tolerance for chaos in the
fossil record. All of these are a priori criteria that are implicitly or explicitly employed before
addressing the issue of H. sapiens versus “H. neanderthalensis.” The evidence for admixture
(or hybridization if two species are represented) in Lagar Velho 1 only documents that interbreeding took place between these groups, not what their taxonomic status might have been.
Consequently, a priori statements that the admixture interpretation is in error since the
Neandertals and modern humans were not conspecific are logically inappropriate, since they
decide the conclusion prior to the analysis of the paleontological data.

NOTES
1

We would like to express our gratitude to the other contributors to this volume whose analyses of specific portions of the skeleton have
made possible much of this interpretation. In addition, S.W. Hillson, T.W. Holliday, J.H. Relethfond, K.R. Rosenberg, F.H. Smith, F.
Spoor and C.B. Stringer critically read previous versions of it. However, the contents of the chapter reflect our interpretation of the Late
Pleistocene hominid fossil record and the Lagar Velho 1 skeleton, and they do not necessarily reflect the views of the other contributors.

2

This Replacement Model has metamorphosed for some researchers from an initial one invoking complete replacement of the Eurasian
late archaic humans (including theNeandertals) in the Late Pleistocene to one in which there may have been genetic continuity between
Neandertals and early modern humans in the Late Pleistocene but all of that Neandertal ancestry was lost prior to the present day. The
original formulation was one that addressed human population dynamics in the Late Pleistocene, and it is that Replacement Model
which is of concern here. The modified version is indistinguishable from an Assimilation Model with minimal admixture in the context of Late Pleistocene human evolution. In effect, it has transformed a question of Pleistocene human evolution into an issue of living human pedigrees. For this reason, the Replacement Model is treated here as a scenario of extinction of the Neandertals without
issue in the Late Pleistocene.

3

The Assimilation Model was originally in clear contrast to the Multiregional Model of modern human emergence, in that the initial primary descriptions of multiregional human evolution (e.g. Wolpoff et al., 1984) modeled Pleistocene human evolution as a dynamic
reticulating process occurring throughout the humanly inhabited Old World, combining regional differentiation through isolation by
distance, genetic drift and selection with the geographically diffuse emergence of those features which characterized general trends in
the evolution of the genus Homo (see also Trinkaus and Shipman, 1993b). In this, modern human emergence was seen as a continuum of already established processes and patterns. The Multiregional Model was an explicit update of Weidenreich’s (1947) “trellis”
model and a rejection of the “candelabra” models of Coon (1962) and Howells (1959) (see Wolpoff and Caspari, 1997; Wolpoff et al.,
2000). In recent years, versions of what is here referred to as the Assimilation Model have been labeled as multiregional (e.g.,
Relethford, 2001a; Wolpoff et al., 2001), focusing on the inferred population processes rather than the interpretation of the historical
sequence of Late Pleistocene human population dynamics. Since the term “multiregional” has been employed both to describe a
human historical evolutionary sequence and to characterize a process involving a variety of population-based evolutionary mechanisms,
it is not employed here to describe what is, in essence, an interpretation of European Late Pleistocene population history.
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When the Lagar Velho 1 child was buried in the Lagar Velho rockshelter, some time
between ca.25 000 and ca.24 500 BP, the site was not being used for habitation. The same
seems to apply both to the preceding period, between ca.27 000 and ca.25 000 BP, and to
the subsequent period, between ca.24 500 and ca.23 000 BP (Chapter 3). Throughout these
four millennia, human use of the shelter was restricted to funerary purposes but, as argued
in Chapter 3, it is quite likely that the only burial found so far represents a single, unique
event and that no other interments were placed at the site.
This fact is in apparent contrast with the well-known earlier Upper Paleolithic, principally
Gravettian, pattern of repeated burial use of the same location. Based on this pattern, one might
be led to infer that, originally, the situation at Lagar Velho would have been akin to, among others, the famous Grimaldi caves (Giacobini, 1999), the Pavlov Hill sites (Dolní Věstonice and
Pavlov) (Klíma, 1963, 1995; Svoboda, 1991, 1997; Sládek et al., 2000) or Sunghir (Bader, 1998).
Burials of young children, however, are unknown or poorly documented at such funerary sites.
In order to understand the significance of these observations, an investigation of the
available data on earlier Upper Paleolithic burials was carried out, suggesting a possible link
between the particular situation at Lagar Velho and the overall scarcity of Gravettian child
burials. Given that the child’s anatomy provides evidence for significant admixture between
local Neandertals and modern humans dispersing into Iberia after 30 000 years ago
(Chapter 32), the comparative framework includes Middle Paleolithic burials, initially in
order to assess whether the ritual practiced at Lagar Velho showed evidence for at least some
degree of cultural continuity with the child’s Neandertal ancestors. No such evidence was
found, but the comparison nonetheless provides insights into the social conditions of children in the Paleolithic (see also Chapter 10) and the mechanisms through which European
Neandertals were ultimately replaced by modern humans (see Chapter 34).

Middle and Earlier Upper Paleolithic Burials: A Framework
The assessment of the significance of the Lagar Velho 1 burial requires the establishment of an appropriate comparative framework. Even though several previous attempts have
been made to discern patterns in Middle and/or Upper Paleolithic burial patterns (e.g.,
Harrold, 1980; Binant, 1991b; Defleur, 1993; Riel-Salvatore and Clark, 2001), the data sets
contained within those publications are deficient in terms of their completeness, accuracy
and agreement with current data on Late Pleistocene human burials. Consequently, we used
Riel-Salvatore and Clark’s (2001) and Binant’s (1991b) lists as a point of departure, correcting for errors in designations or ages-at-death, deleting questionable cases, adding clear
omissions, and including associated skeletons whose preservation can only be explained if
intentional interment is assumed. Given the nature of the question posed here, the nature
of burial practices of young children in the Gravettian, careful consideration of several of the
Middle and earlier Upper Paleolithic burial instances and their ages was required.
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For the Middle Paleolithic, Dederiyeh 2 (Akazawa and Muhesen, 2002), Mezmaiskaya 1
(Golovanona et al., 1998a, 1998b, 1999), Qafzeh 6, 7, 12, 13, 21 and 22 (Tillier, 1999), Skhul 2,
3 and 10 (McCown and Keith, 1939), Shanidar 9 (Trinkaus, 1983) and the multiple burial in layer
III of Zaskalnaya VI (Smirnov, 1991; Pettitt, 1998; Chabai, pers. comm.) were added. For the earlier Upper Paleolithic, Ostuni 2 (Giacobini, 1999; Mussi, 2000), Barma Grande 1, 2, 5 and 6
(Giacobini, 1999; Mussi, 2000), Dolní Věstonice 4 and 36 (Svoboda et al., 1996; Trinkaus et al.,
2000b; Sládek et al., 2000), the four individual burials from the Kostenki sites 2, 14, 15 and 18
(Sinitsyn, 1998, pers. comm.), as well as Paviland 1 (Aldhouse-Green, 2000), were added. Malta
1 was also added, based on available contextual and radiometric information (Abramova, 1984;
Binant, 1991b; Kuzmin and Orlova, 1998), but it should be borne in mind that two children, not
just one, may in fact be represented among the human remains recovered in this burial (Soffer
et al., 2001). We did not consider the evidence from Abri Labattut, used in the burial ornaments
database of Chapter 10, because of the uncertainties with regard to the age of the individual, the
chronology of the event (which is possibly Solutrean), and whether it is indeed a burial (Binant,
1991b). The Balla 1 child (Hillebrand, 1911) was also not included here, since data on its burial
context are not available. Ages-at-death for the Předmostí remains are based on Klíma’s reconstruction of the “mass grave” (Klíma, 1991; Svoboda et al., 1996: p. 168), with precisions from
Matiegka’s (1934, 1938) study of these now lost human remains.
In a few cases, specimens listed in Riel-Salvatore and Clark’s (2001) paper were not
considered. The Staroselje child was excluded, given the evidence (Marks et al., 1997) that
this is a late Holocene burial intrusive into the site’s upper Mousterian levels. La Ferrassie
4a was excluded on the basis of Maureille’s (2002) demonstration that the two bones defining this specimen were in fact part of the rediscovered Le Moustier 2 skeleton. CombeCapelle and Les Cottés were excluded, since, as stated by Gambier (1989), the latter may well
not be Paleolithic and the stratigraphic level of the former is uncertain. Given the description they provide, Riel-Salvatore and Clark’s Předmostí 22 individual must correspond to
Binant’s (1991b) Sépulture 4, the partial skull of a 9-10 year old child with fox (not hare) teeth
adhering to the forehead. According to Svoboda et al. (1996: pp. 62-64 and 226-229), this
fossil is part of an ensemble of human remains belonging to six different individuals recovered by M. Kříž in 1895, one year after K. Maška’s excavation of the 18 individuals contained
in the site’s “mass grave.” There is no indication that the ensemble comes from poorly preserved burials, as Binant suggested. However, we did retain the Předmostí 27 adult, found
in 1928 by K. Absolon, since it is an associated postcranial skeleton.
Mussi’s (2001) list includes three specimens that are not included in the database. The
fetus Ostuni 1bis, from the Santa Maria d’Agnano Cave, was found in anatomical position
inside its mother’s skeleton, so this is not the separate burial of a neonate. According to
Gambier (pers. comm.), the “8 year old child” from the Marronnier cave (cf. Onoratini, 1999)
includes a small number of remains which, based on dental age, belong to at least two different individuals. Although the site’s single cultural level (which, according to Gambier, also
contained other scattered, isolated human remains — two juvenile mandible fragments,
belonging to individuals with dental ages of 1-3 and 4-6) is indeed Gravettian, the Marronnier
remains do not come from burials. The 3 year old child from Le Figuier, by contrast, does
come from a burial, which Combier (1967) and Billy (1979) attributed to the Magdalenian,
but for which Onoratini (1999) suggests a Gravettian date, based on the identification of a
previously unrecognized Noaillian component at the base of the site’s sequence. However, the
exact stratigraphic provenience of the child is unknown, since it was found during earth
removal work to gain access to the site’s inner gallery (Combier, 1967: pp. 369-370).
Moreover, the single ornament associated with this skeleton — a Glycymeris violacescens shell
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perforated near the hinge — is characteristic of the site’s Magdalenian levels and rarely found
in well-dated Gravettian contexts, as noted by Combier (1967) and Gambier (pers. comm.).
Direct dating of this individual may force a revision of its current status, but the evidence provided so far does not support a Gravettian age for the Le Figuier child.
Careful consideration of available contextual evidence also enabled us to go beyond a classification of the different burials into Middle Paleolithic and earlier Upper Paleolithic culturehistorical groupings. Our data base is organized in strict chronological terms, irrespective of
anatomical form and of any categorization into archeological periods, the latter being used only
as a source of information on the time frame to which burials should be assigned. As a result,
we ended up with the different individuals, for whom we considered burial being established
beyond reasonable doubt, falling into three discrete temporal clusters: an Early Cluster, between
ca.120 000 and ca.90 000 BP; an Intermediate Cluster, between ca.70 000 and ca.35 000 BP;
and a Late Cluster, between ca.27 000 and ca.20 000 BP (see Tables 33-1, 33-2 and 33-3).

Table 33-1
Burial data, Early Cluster, 120-90 000 BP. List of buried individuals, sorted by age
class and then by site, in increasing alphanumeric order (EMH = Early Modern
Human).
Individual

Age
(years)

Age
Class

Physical
type

Date
(kyr BP)

Basis of
dating

Associated
culture

Qafzeh 13

neonate

Infant

EMH

120-90

Associated TL

Tabun C-type Mousterian

Shanidar 7

9 months

Infant

Neandertal

120-90

Anatomy

Mousterian

Shanidar 9

9 months

Infant

Neandertal

120-90

Anatomy

Mousterian

Qafzeh 10

6

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 12

3-4

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 15

8-10

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 21

3

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 22

4-6

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 1

4-6

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 8

10

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 10

5

Child

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 11

12-13

Adolescent

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 3

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 6

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 7

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 8

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 9

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Qafzeh 15

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Shanidar 4

–

Adult

Neandertal

120-90

Anatomy

Mousterian

Shanidar 6

–

Adult

Neandertal

120-90

Anatomy

Mousterian

Shanidar 8

–

Adult

Neandertal

120-90

Anatomy

Mousterian

Skhul 2

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 3

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 4

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 5

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 6

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 7

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Skhul 9

–

Adult

EMH

120-90

Associated TL

Tabun C-type Mousterian

Tabun 1

–

Adult

Neandertal

120-90

Associated TL

Tabun C-type Mousterian
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Table 33-2
Burial data, Intermediate Cluster, 70-35 000 BP. List of buried individuals, sorted
by age class and then by site, in increasing alphanumeric order (EMH = Early
Modern Human; N = Neandertal).
Individual

Age
(years)

Age
Class

Physical
type

Date
(kyr BP)

Basis of
dating

Associated
culture

La Ferrassie 5

-2 months

Fetus

N

75-60

Chronostratigraphy

Ferrassie Mousterian

Amud 7

10 months

Infant

N

65-55

Associated TL

Tabun B-type Mousterian

Dederiyeh 1

1-3

Infant

N

70-50

Associated TL

Tabun B-type Mousterian

Dederiyeh 2

1-3

Infant

N

70-50

Associated TL

Tabun B-type Mousterian

Kebara 1

7 months

Infant

N

60-50

Associated TL

Tabun B-type Mousterian

Kiik-Koba 2

7 months-1

Infant

N

70-50

Chronostratigraphy

“Kiik-Koba lower level”

La Ferrassie 4b

0-1 month

Infant

N

75-60

Chronostratigraphy

Ferrassie Mousterian

La Ferrassie 8

2

Infant

N

75-60

Chronostratigraphy

Ferrassie Mousterian

Le Moustier 2

0-2

Infant

N

40

Associated TL

Typical Mousterian

Mezmaiskaya 1

<0-3 months

Infant

N

45-40

Associated C-14

Eastern Micoquian

Roc-de-Marsal 1

2-3

Infant

N

ca.70

Chronostratigraphy

Typical Mousterian

Zaskalnaya 1

1

Infant

N

39

Associated C-14

Eastern Micoquian

Zaskalnaya 2

2-3

Infant

N

39

Associated C-14

Eastern Micoquian

La Ferrassie 3

10

Child

N

75-60

Chronostratigraphy

Ferrassie Mousterian

La Ferrassie 6

3-5

Child

N

75-60

Chronostratigraphy

Ferrassie Mousterian

Taramsa 1

8-10

Child

EMH

80-50

Chronostratigraphy

Late Middle Stone Age

Teshik-Tash 1

8-9

Child

N

70-35?

Chronostratigraphy

Asian Typical Mousterian

Zaskalnaya 3

5-6

Child

N

39

Associated C-14

Eastern Micoquian

Le Moustier 1

14-16

Adolescent

N

40

Associated TL

Typical Mousterian
Tabun B-type Mousterian

Amud 1

–

Adult

N

65-55

Associated TL

Feldhofer 1

–

Adult

N

39900±620

Direct date

Micoquian

Kebara 2

–

Adult

N

60-50

Associated TL

Tabun B-type Mousterian

Kiik-Koba 12

–

Adult

N

70-50

Chronostratigraphy

“Kiik-Koba lower level”

La Chapelle-aux-Saints 1

–

Adult

N

65-55

Chronostratigraphy

Quina Mousterian

La Ferrassie 1

–

Adult

N

75-60

Chronostratigraphy

Ferrassie Mousterian

La Ferrassie 2

–

Adult

N

75-60

Chronostratigraphy

Ferrassie Mousterian

La Quina 1

–

Adult

N

65-55

Chronostratigraphy

Quina Mousterian

Le Régourdou 1

–

Adult

N

65-55

Chronostratigraphy

Quina Mousterian

Saint-Césaire 1

–

Adult

N

40-35

Associated TL

Châtelperronian

Shanidar 1

–

Adult

N

70-35

Chronostratigraphy

Mousterian

Shanidar 3

–

Adult

N

70-35

Chronostratigraphy

Mousterian

Spy 1

–

Adult

N

65-55

Chronostratigraphy

Quina Mousterian

Spy 2

–

Adult

N

65-55

Chronostratigraphy

Quina Mousterian
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Table 33-3
Burial data, Late Cluster, 27-20 000 BP List of buried individuals, sorted by age class
and then by site, in increasing alphanumeric order (EMH = Early Modern Human).
Individual

Cro-Magnon 5

Age
Class

Physical
type

Date
(kyr BP)

Basis of
dating

Associated
culture

Gravettian?

1 month

Infant

EMH

27-21

Stratigraphy

Dolni Věstonice 36

1-2

Infant

EMH

27.5-26.5

Associated C-14

Pavlovian

Předmostí 6

2-3

Infant

EMH

27-26

Associated C-14

Pavlovian

Předmostí 11

0-3

Infant

EMH

27-26

Associated C-14

Pavlovian

Předmostí 12

0-3

Infant

EMH

27-26

Associated C-14

Pavlovian

Předmostí 13

0-3

Infant

EMH

27-26

Associated C-14

Pavlovian

Dolni Věstonice 4

4-12?

Child

EMH

31-25

Associated C-14

Pavlovian

Kostenki 15 burial

6-7

Child

EMH

32-27

Associated C-14

Gorodtsovian

Kostenki 18 burial

6-7

Child

EMH

21020±180

Direct date

Eastern Gravettian

Lagar Velho 1

4-5

Child

EMH

25-24.5

Associated C-14

Gravettian

Malta 1

>4

Child

EMH

>21

Associated C-14

Eastern Gravettian

Předmostí 2

6-7

Child

EMH

27-26

Associated C-14

Pavlovian

Předmostí 8

3-4

Child

EMH

27-26

Associated C-14

Pavlovian

Předmostí 15

4-12?

Child

EMH

27-26

Associated C-14

Pavlovian
Pavlovian

Předmostí 16

4-12?

Child

EMH

27-26

Associated C-14

Předmostí 17

4-12?

Child

EMH

27-26

Associated C-14

Pavlovian

Sunghir 3

9-10

Child

EMH 24100±240

Direct date

Eastern Gravettian

Arene Candide 1

14-15

Adolescent

EMH >18540±210

Chronostratigraphy

Gravettian

15

Adolescent

EMH

27-21

Chronostratigraphy

Gravettian?

Barma Grande 3

12-13

Adolescent

EMH

27-21

Chronostratigraphy

Gravettian

Barma Grande 4

14-15

Adolescent

EMH

27-21

Chronostratigraphy

Gravettian

Cussac 1

13-15

Adolescent

EMH

25120±120

Direct date

Gravettian

Fanciulli 6

13-15

Adolescent

EMH

27-21

Chronostratigraphy

Gravettian IV

Paglicci 2

12-14

Adolescent

EMH

25.5-24

Associated C-14

Gravettian

Předmostí 7

12-14

Adolescent

EMH

27-26

Associated C-14

Pavlovian

Sunghir 2

13

Adolescent

EMH

23830±220

Direct date

Eastern Gravettian

Baousso da Torre 1

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian?

Baousso da Torre 2

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian?

Baousso da Torre 3

Barma Grande 1

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian

Barma Grande 2

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian

Barma Grande 5

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian

Barma Grande 6

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian

Brno 2

–

Adult

EMH 23680±200

Direct date

Pavlovian

Brno 3

–

Adult

EMH

27-21

Stratigraphy

Pavlovian

Caviglione 1

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian

Cro-Magnon 1

–

Adult

EMH

27-21

Stratigraphy

Gravettian?

Cro-Magnon 2

–

Adult

EMH

27-21

Stratigraphy

Gravettian?

Cro-Magnon 3

–

Adult

EMH

27-21

Stratigraphy

Gravettian?

Cro-Magnon 4

–

Adult

EMH

27-21

Stratigraphy

Gravettian?

Cussac 2

–

Adult

EMH

25

Associated C-14

Gravettian

Cussac 3

–

Adult

EMH

25

Associated C-14

Gravettian

Cussac 4

–

Adult

EMH

25

Associated C-14

Gravettian

Cussac 5

–

Adult

EMH

25

Associated C-14

Gravettian

Dolni Věstonice 3

–

Adult

EMH

31-25

Associated C-14

Pavlovian

Dolni Věstonice 13

–

Adult

EMH

27-26.5

Associated C-14

Pavlovian

Dolni Věstonice 14

–

Adult

EMH

27-26.5

Associated C-14

Pavlovian

Dolni Věstonice 15

–

Adult

EMH

27-26.5

Associated C-14

Pavlovian
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Table 33-3 [cont.]
Individual

Age
(years)

Age
Class

Physical
type

Date
(kyr BP)

Basis of
dating

Associated
culture

Dolni Věstonice 16

–

Adult

EMH

27.5-26.5

Associated C-14

Pavlovian

Fanciulli 4

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian

Fanciulli 5

–

Adult

EMH

27-21

Chronostratigraphy

Gravettian IV

Kostenki 2 burial

–

Adult

EMH

26-20

Associated C-14

Eastern Gravettian
Gorodtsovian

Kostenki 14 burial

–

Adult

EMH

32-27

Associated C-14

Ostuni 1

–

Adult

EMH

25-24

Associated C-14

Gravettian

Ostuni 2

–

Adult

EMH

25-24

Associated C-14

Gravettian

Paglicci 3

–

Adult

EMH

24-22.5

Associated C-14

Gravettian

Paviland 1

–

Adult

EMH

25840±280

Direct date

Gravettian

Pavlov 1

–

Adult

EMH

27-25

Associated C-14

Pavlovian

Předmostí 1

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 3

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 4

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 5

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 9

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 10

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 14

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 18

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Předmostí 27

–

Adult

EMH

27-26

Associated C-14

Pavlovian

Sunghir 1

–

Adult

EMH 22930±200

Direct date

Eastern Gravettian

Veneri Parabita 1

–

Adult

EMH

ca.22

Chronostratigraphy

Gravettian

Veneri Parabita 2

–

Adult

EMH

ca.22

Chronostratigraphy

Gravettian

For the Middle Paleolithic and the earliest Upper Paleolithic, chronological assignment
was based on several considerations. First, the Tabun 1 adult female burial is inferred to be
from layer C and, therefore, dates to OIS 5 or earlier, although a case has been made that
this burial relates instead to the human activity recorded in layer B, in which case it would
belong to the Intermediate, not the Early, Cluster (for a discussion of the issue, cf. Bar-Yosef,
1998, 2000; Quam and Smith, 1998). However, Grün and Stringer’s (2000) revision of the
ESR and U-series chronology of the site, including direct dating of dental material from the
Tabun 1 specimen, for which they estimated a chronology with interval limits all contained
between 110 000 and 150 000 BP, depending on different sets of assumptions, suggests that
this fossil most likely belongs in the Early Cluster. Second, as suggested by several anatomical features (Trinkaus, 1983), the earlier sample of the Shanidar Neandertals (Shanidar 2, 4
and 6 to 9) probably dates to the earliest Late Pleistocene, not to the mid-Late Pleistocene;
the later sample (Shanidar 1, 3 and 5) probably dates to the later Middle Paleolithic, as suggested by radiocarbon dating of the site (Bar-Yosef, 2000). Two of these individuals,
Shanidar 2 and 5, are not included in the burial sample, since they probably were preserved
as a result of rockfalls and not intentional burials (Trinkaus, 1983). Third, it is assumed that
the TL dates obtained for the levels containing the Skhul and Qafzeh burials also date those
burials, even if a) by definition, the burials must post-date the levels, b) some U-Th dates on
animal bones from Skhul indicate the presence of components which may be significantly
more recent than the TL-dated flints (McDermott et al., 1993), and c) Stringer (1998) has
argued that morphological variability in the Qafzeh-Skhul sample argues in favor of deposition over a time span significantly larger than is indicated by the range of TL results.
Assignment of the specimens in Table 33-2 was based on the radiometric dates available for the deposits containing the burials (bearing in mind the above mentioned reserva-
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tions and uncertainties concerning Qafzeh and Skhul), coupled with chronostratigraphic
correlation. For the other Near Eastern sites (Amud, Dederyieh and Kebara), we followed the
chronology proposed by Bar-Yosef (1998). The Taramsa specimen was included in this
group on the basis of an OIS 4 age for the burial, inferred from OSL dates ranging between
ca.80 000 and ca.50 000 BP for the late Middle Paleolithic context with which the skeleton
was associated (Vermeersch et al., 1998). For the French and Belgian sites (La Chapelle-auxSaints, La Ferrassie, La Quina, Le Moustier, Régourdou, Roc-de-Marsal, Saint-Césaire and
Spy), we followed Mellars’ (1996) suggestions of the chronological boundaries for the different Mousterian variants of the Aquitaine basin, his summary of the available TL dating
results, and his evaluations of the positions of specific levels in the regional sequence. The
Neandertal type-specimen from the “small Feldhofer cave”, directly dated to ca.40 000 BP
(Schmitz et al., 2002), is included given the recovery of a high percentage of this individual’s
original skeletal elements, even though its burial status cannot be ascertained.
No reliable information exists on the chronology of the Teshik-Tash burial or the lithic
assemblage associated with it, the “Asian typical Mousterian” (Ranov, 1978; Smirnov, 1991).
It is assumed, therefore, that it dates to the same time period as all other Neandertal burials
known in Europe, i. e., to between 70 000 and 35 000 BP, an assumption which is supported by its craniofacial morphology (Ullrich, 1955). The date suggested for Kiik-Koba is
based on information provided by Gladilin (1971, 1979) and Chabai (pers. comm.). Gladilin
demonstrated that the infant burial belonged to the occupation documented in lower Level
VI, as did the adult, not to that in upper Level IV, as had been suggested by the exacavator,
Bonch-Osmolovski (1940). The industry contained in Level VI has no parallels and, hence,
is simply known as “Kiik-Koba, lower level industry” (Kolosov et al., 1993). The arctic-boreal fauna recovered in the level (including Rangifer tarandus and Vulpes corsac) suggests an
OIS 4 age for this context, including the Neandertal burials.
Mezmaiskaya was also placed in the Intermediate Cluster, in spite of the direct date
of 29 195 ± 965 BP (Ua-14512) reported by Ovchinnikov et al. (2000). Given the stratigraphic situation reported by the excavators, the burial must date to more than 40 000
years ago, since the associated skeleton was found at the base of Level 3, C-14 dated to
> 45 000 BP (LE-3841). Moreover, the hiatus between level 3 and Holocene Level 1 that
exists at the front of the cave, where the skeleton was recovered, corresponds to the deposition of Levels 2B and 2A inside the cave, for which there are three coherent C-14 determinations: 40 660 ± 1600 BP (LE-3599) for Level 2B; 36 280 ± 540 BP (Beta-53897/ETH9817) and 35 760 ± 400 BP (Beta-53896/CAMS-2999) for Level 2A (Golovanova et al.,
1998a, 1998b, 1999). This suggests that the Mezamaiskaya infant is contemporary with
the infants and child buried in Level III of Zaskalnaya VI, in Crimea (and also found in
an Eastern Micoquian context), for which a tripeptide bone date on horse bone collected
in the burial pit is available: 39 100 ± 1500 BP (OxA-4773) (Pettitt, 1998).
Since it falls within the range of radiocarbon dating, the Late Cluster is less problematic. Still, the dates or date ranges assigned to the specimens listed in Table 33-3 also rest on a
number of interpretations. The Kostenki material, in particular, was included on the basis
of Sinitsyn’s (1998) review of the chronology of this complex of sites, which makes it clear
that an important proportion of available radiocarbon determinations are significantly rejuvenated. Reliable results, coupled with stratigraphic correlation based on the position of the
different levels in relation to the two humic horizons identified at the site, indicate that occupations and features in the middle chronological group (estimated to date between 32 000
and 27 000 BP) and in the recent chronological group (estimated to date between 26 000
and 20 000 BP) fit for the most part in the time frame occupied by the Pavlovian and the
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Gravettian. The same applies to the child burial found at Malta, a Siberian site for which the
first radiocarbon measurements suggested an age of ca.15 000 BP but which is now securely dated to ca.20 000-21 000 BP (Kuzmin and Orlova, 1998; Richards et al., 2001).
Where the Baousso da Torre 3 individual is concerned, we followed Giacobini’s (1999) and
Mussi’s (2000) assignment to the Gravettian and consider the association with a split-base bone
point reported by Binant (1991b) to be spurious. Following Bouchud (1966), the Cro-Magnon
burials (Lartet, 1868) are also considered to be Gravettian, and not Aurignacian, in age, because
a) they were recovered from the upper part of the site’s stratigraphic sequence and b) until the
mid-20th century, the “Aurignacian” chronostratigraphic unit encompassed an “Aurignacien
supérieur,” only subsequently recognized as a separate entity, the Gravettian. Moreover, the associated ornaments — some 300 perforated shell beads mixed with the human bones, as well as
several pierced teeth (Binant, 1991b) — fit comfortably within the range of variation of known
Gravettian grave goods. The funerary use of the Cro-Magnon shelter may well be contemporaneous, therefore, with that in the inner galleries of the recently found parietal art site of Cussac
(Aujoulat et al., 2001, 2002), where five individuals have been identified: one adolescent, directly dated to 25 120 ± 120 BP (Beta-156643), in locus 1; one adult whose direct date failed, in locus
2; and three other adults, possibly a multiple burial, in locus 3.
The attribution to the Gravettian of the Cro-Magnon and Baousso da Torre burials finds
additional support in the fact that no uncontroversial evidence for intentional burial is
known from the Aurignacian. In fact, virtually all of the human remains so far found in levels dated to the corresponding time period are isolated finds. Such is the case, in particular,
with the Kostenki 1 material directly dated to 32 600 ± 1100 BP (OxA-7073) (Richards et al.,
2001), which was sampled from a tibia and fibula recovered in close proximity inside that
site’s stratigraphic Level III (Sinitsyn, 1998, pers. comm.). The probably Aurignacian
human remains from Mladeč include multiple skeletal elements of an adolescent male and
a young adult (Szombathy, 1925; Trinkaus et al., n.d.), but it is likely that these and the other
Mladeč human remains accumulated in a talus cone within the karstic cave system
(Svoboda, 2000a) and therefore cannot be strictly considered as burials. This suggests that
burial may not have been practiced in the Aurignacian, as may also have been the case, at
least in western Europe, during the period between 20 000 and 16 000 BP. The latter may
explain the dearth of human remains from the Solutrean, Solutreo-Gravettian, Salpetrian,
Early Epigravettian and Badegoulian. That the cultural practice of body interment immediately after death was not universally shared, in time or space, during the Upper Paleolithic,
lends further consistency to the hypothesis that the three temporal clusters into which our
sample falls are a realistic rendering of when this behavior was in use in the time periods
following its emergence in OIS 5 or slightly earlier.

Burial Behavior in Relation to Age-at-Death
The individuals were classified into five groups on the basis of their ages-at-death:
fetuses, infants, children, adolescents and adults. Boundaries between each category were
based on human biological and ethnographic evidence relating to where, on average, major
thresholds are crossed in human development. Birth separates fetuses from infants, even if
all fetuses or fetuses-to-newborns in our database had passed the seventh month of pregnancy and, therefore, must correspond to stillborn prematures. The end of breastfeeding
separates infants from children, and we used an age of three years as the boundary between
the two categories, based on data from the !Kung San, one of the best studied examples of
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hunter-gatherer cultures; according to Stuart-Macadam (1995), following Konner, in a sample of 78 infants and children, 58% were weaned by two years of age, 76% by three years,
and 90% by four years. Stuart-Macadam also mentions data from Wickes indicating a similar pattern for Native Australians but providing evidence for breastfeeding lasting longer
among subarctic populations, with Greenlanders weaning between three and four years, and
Inuit around seven years. The initial stages of puberty occur, on average, around age 12, and
12 years was therefore selected as the boundary separating children from adolescents.
Individuals above the age of 15 were classified as adults, since, even though full skeletal
maturity had not yet been attained, healthy females usually become fertile around that age,
past which, therefore, they are eligible for marriage. Moreover, in most hunter-gatherer cultures, females and males above 15 are active participants in most if not all aspects of the
group’s social and economic life (Bogin, 1998).
This step was required in order to investigate possible differences between immature
individuals (or categories of immature individuals) and adults, or between different categories of immature individuals. The second step was the identification of the sources of
information to exploit in order to achieve that purpose. In an archeological situation, such
sources are of two kinds: a) on a short-time scale, possible differences in the ritual treatment
given to individuals of the different age classes buried in the same site, or in sites that are
sufficiently close in space and time for cultural homogeneity to be assumed, and b) on a
long-time scale, the frequency with which burial, as well as the different components of burial ritual, affects the different age classes.
The first approach was followed by Vanhaeren and d’Errico (2001) in their comparative
study of the Terminal Magdalenian, Epigravettian or Azilian child burials from France and
Italy dated to between 10 000 and 11 000 BP. They showed that the shell beads decorating
the clothes with which these young children were dressed at the time of interment a) were
smaller, or cut to smaller sizes, than those naturally available, and b) were smaller than those
from habitation contexts presumably lost by individuals belonging to the different age classes, including adults. Such a miniaturisation indicates that the shell beads were manufactured on purpose for the children in question, and, hence, that either these children specifically, or children in general, had a defined social status in these human groups.
Vanhaeren and d’Errico also noted that their findings are consistent with White’s
(1999) observation that the 10 000 ivory beads found in the Sunghir double burial of a 9-10
year old child and a 12-14 year old adolescent are one third smaller than those found with the
single adult burial from the same site. This observation hints at juveniles having their own
social status in the Gravettian as well, and it prompted us to extend the analysis of the issue
to other burials of the period, following both strategies outlined above to the extent permitted by available data.

The Compositions of Multiple Burials
The two Sunghir burials are separated by 1000 years, which means that we cannot
disregard the possibility that the reported difference between the adult and the juveniles
in the average size of the associated ivory beads is due to changes in manufacturing techniques or cultural fashion occuring over the millenium in question. This difficulty may
be overcome by the investigation of possible differences between individuals of different
age classes found in multiple burials, that is, in a situation where diachronic variation can
be excluded.
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There are two instances of possible multiple burials in the Middle Paleolithic. The earliest is the feature containing the Shanidar individuals 4, 6, 8 and 9. However, it is not clear
whether this association represents a single burial event or four different burial events in the
same location. Given the progressively greater disturbance of the deeper burials, the latter is
more likely to be correct (Trinkaus, 1983). In any case, none of these individuals was associated with grave goods or other evidence of ritual behavior beyond interment itself [the purported flowers with the burial (Solecki, 1975; Leroi-Gourhan, 1999) is most likely the result
of rodent burrowing (Sommer, 1999)], so no evidence exists that the nine month old
Shanidar 9 infant was treated at death differently from the three adults. The other instance
is the pit in Level III of Zaskalnaya VI containing two infants and one child, where, however, a similar uncertainty pertains (Smirnov, 1991; Chabai, pers. comm.).
Table 33-4 lists all mutliple burials currently known for the earlier Upper Paleolithic.
Apart from the 9-10 year child in the Sunghir double burial, infants and children are present only in the Předmostí mass grave containing individuals 1 to 18. In all other instances
of multiple burials, only adults or adults and adolescents are represented. Provided that reasonable explanations can be given for the Sunghir and Předmostí exceptions, this pattern
suggests that, in the Gravettian, pre-puberty children were socially recognized as a separate
age class and, accordingly, treated separately at death.
The ages of the two immature individuals in the Sunghir double burial are consistent with
the hypothesis that they were close relatives who met a simultaneous death and were given a
simultaneous interment, as is the particular disposition of the bodies, extending in opposite
directions from the point of contact between their two skulls and sharing as a common grave
good, extending for the combined length of the two bodies, the longest of the several ivory
spears placed alongside them. This may explain why the younger individual was given the
same treatment as the older one or that the boundary between childhood and adolescence was
placed, at the time, around age 10-12. It is also possible that the extraordinary, unique richness
of this double burial is an indication of a hereditary high social status, a factor that always needs
to be considered when generalizing about the social condition of children.

Table 33-4
Paleolithic multiple burials.
Burial

Fetuses

Infants

Children Adolescents

Adults Observations

–

1

–

–

3

Consecutive, not simultaneous
interments

–

2

1

–

–

Consecutive, not simultaneous
interments

–
–
–
–
–
–
–

–
–
–
–
4
–
–

–
–
–
–
2
1
–

2
–
–
1
4
1
–

1
3
3
1
8
–
2

Early Cluster

Shanidar 4, 6, 8 and 9
Intermediate Cluster

Zaskalnaya 1, 2 and 3
Late Cluster

Barma Grande 2, 3 and 4
Cussac 3, 4 and 5
Dolni Věstonice 13, 14 and 15
Fanciulli 5 and 6
Předmostí mass grave
Sunghir 2 and 3
Veneri Parabita 1 and 2

Catastrophic event
Simultaneous death of two siblings?
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The Předmostí “Mass Grave”
One of the unique burial features of the earlier Upper Paleolithic is the Předmostí “mass
grave,” excavated by Maška in 1894 and containing the remains of eighteen individuals. The
burial complex was never described in detail by Maška. However, his field diary survives
(Svoboda, 2000b), and, on the basis of Maška’s notes and drawings and a set of assumptions
regarding the sequence with which Maška excavated the burial, Klíma (1991) undertook a
reconstruction of the distribution of the remains within the mass grave. Our consideration of
the Předmostí grave complex is based on Klíma’s interpretation, supplemented by observations and photographs of the human remains provided by Matiegka (1934).
Klíma’s (1991) reconstruction of the Předmostí multiple burial, adapted to visually
enhance the information supporting our interpretation of it, is reproduced in Fig. 33-1.
According to Maška (Svoboda et al., 1996: p. 226), the grave was found under an accumulation of sharp-edged limestone blocks of various sizes, forming a 40 cm thick cairn that
extended beyond the feature to the north and east but left its southern part uncovered.
Scattered human remains were present outside of the feature, to the south and southeast,
suggesting some post-depositional disturbance of at least this part of the grave.

Fig. 33-1 – Klíma’s spatial reconstruction of the Předmostí “mass grave,” reproduced from Klíma (1991), with adaptations.
The dotted areas denote the probable position of the postcranial skeletons of the different individuals. Ages-at-death were
corrected according to Matiegka (1934, 1938). Shading codes visually enhance our interpretation of the pattern underlying
age and space distributions: 1. the two elder individuals; 2. the two prime adult male-female couples; 3. the two young adults;
4. the “children” (ages 2-3 to 12-14); 5. the “babies.”
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No evidence of red ochre was observed in the grave or on the bones. Binant (1991b) stated that a string of 14 ivory beads was recovered in the grave, but Klíma noted that no mention of such items exists in Maška’s documentation and field notes, that Maška himself
explicitly remarked on the total absence of ornaments in the burial context, and, therefore,
that the string is probably a composition made with scattered beads found in the adjacent
habitation levels, not in the grave. According to Svoboda et al.’s (1996) rendering of Maška’s
field notes, the only possible grave goods are a fox skull placed on one of the skeletons, scattered flint debris and burnt bone fragments. Since the presence of these items can be
explained through post-depositional animal burrowing and/or the inheritance of anthropic
components present in the sediments used to re-fill the pit, the only evidence of ritual behavior other than interment itself is the two mammoth shoulder blades covering the individuals placed at the northeastern and southwestern ends of the feature.
Eighteen individuals are reported from the grave: eight are adults, four men and four
women, and ten are immature. The latter are described by Maška as “mostly children, the
youngest of them only half a year old” and, according to Klíma’s Fig. 2, three are “babies,”
four are “children,” and three are “young individuals.” Using the information provided by
Matiegka (1934, 1938), however, one of Klíma’s “children,” Předmostí 6, would be two to
three years old at death and, therefore, falls into our “infant” age class. Notwithstanding, the
age difference between this individual and the three infants Předmostí 11, 12 and 13 must
have been significant and readily apparent, because Klíma’s refers to the latter as “nursing”
while using the word “child” for Předmostí 6. Předmostí 7, on the other hand, would have
been 12 to 14 years old at death and, therefore, falls into our “adolescent” age class. Where
the three “young individuals” Předmostí 15, 16 and 17 are concerned, it would seem, from
Matiegka’s monograph, that they corresponded to incomplete skull pieces whose ages-atdeath were difficult to evaluate. Klíma’s differentiation of these as “young individuals,” considered, in his illustrated reconstruction of the grave, as a category separate from that of the
“children,” might be taken to suggest that they were adolescents. In the text, however, Klíma
explicitly describes these finds as “child skeletons.”
Therefore, in terms of the age classes considered in this study, the number of
infants, children and adolescents in the Předmostí mass grave is, respectively, of three,
six and one, or of four, five and one, depending on how Předmostí 6 is defined. This level
of uncertainty, however, does not affect the characterization of the multiple burial as presenting a catastrophic mortality profile. This suggests that its composition accurately portrays the age structure of a complete or near-complete social unit and that the grave corresponds to the simultaneous death of all its members. This inference is further supported by the spatial arrangement of the bodies and the preservation of the anatomical association of many of the skeletons, neither of which is easily explained in a framework of
consecutive interments in the same place, with successive reopenings and closings of the
grave, which would create greater disturbance of the remains from previous burial
episodes. One must always bear in mind, however, that Klíma’s reconstruction is tentative and conditioned by many uncertainties and sources of possible error: incorrect correspondence between individuals in the fossil catalogue and individuals in the grave plan,
margins of error inherent in the assignment of ages-at-death, postdepositional disturbance of the burial context, the relatively arbitrary nature of the boundaries between
stages of development, etc.
Nonetheless, the fact that both older and younger individuals are represented among
the adults of both sexes lends further credence to the interpretation of the mass grave as
recording a single death event and, hence, the simultaneous perishing of individuals

PORTRAIT OF THE ARTIST AS A CHILD. THE GRAVETTIAN HUMAN SKELETON FROM THE ABRIGO DO LAGAR VELHO AND ITS ARCHEOLOGICAL CONTEXT

530

linked by close social and biological ties. In fact, the ages assigned by Matiegka to the four
females (15-16 for Předmostí 5, 20-25 for Předmostí 1, 20-30 for Předmostí 10, and 30-35
for Předmostí 4) show that all the immature individuals could well be their children, and
the age difference between the youngest and the oldest female also makes it possible that
the former was the latter’s daughter. This point is made by Table 33-5, which assumes that
a) women had their first child at 16, b) they gave birth at four year intervals, and c) they
lived until an age in the mid-point of their estimated age-at-death intervals. Under such
assumptions, the three older women would have generated 10 descendants: three infants,
five children, one adolescent, and one adult. Decreasing the birth interval or the lifetime
of these females produces variation of these figures in opposite directions, and mortality
in early developmental stages implies that the number of surviving children must have
been smaller than the potential maximum. Given this, the ages-at-death for the different
immature skeletons provided by Klíma and Matiegka fit the model’s predictions extremely well.
Matiegka only assigned ages-at-death to two of the four adult males (20-25 for Předmostí
9, and 35-40 for Předmostí 3), but the dental wear of Předmostí 14 suggests he was a middle
aged adult, and Klíma noted that he was the oldest person in the grave. Given the data for the
females, it is clear that the fourth adult male, Předmostí 18, can only have been the son of any
of the females in the grave if his mother was the older woman Předmostí 4. In that case, given
the 15-16 years of age of the Předmostí 5 female, whose only potential mother in the grave is
also Předmostí 4, Předmostí 18 could have been the older brother of Předmostí 5. Under the
assumptions of the model in Table 33-5, admitting this possibility carries the following implications: a) that the age-at-death of Předmostí 18 was between 17 and 19; b) that the age-atdeath of his putative mother was 35, i. e., the upper limit of the estimated interval; c) that his
putative mother gave birth to two successful children, a boy and a girl, between ages 16 and
19. Matiegka was unable to assign a definite age to Předmostí 18, but Klíma refered to him as
a boy. However, even if he seems to have been a young adult, the possibility that he could have
been Předmostí 5’s older brother remains weak, given the demographic requirements of the
hypothesis.

Table 33-5
Model of the reproductive potential of the Předmostí females.
Ages they gave birth
Female individual

Předmostí 5
Předmostí 1
Předmostí 10
Předmostí 4

Ages of their children when they died

Age

16

20

24

28

32

Infants

Children

Adolescents

Young adults

Total

15-16
20-25
20-30
30-35

–
+
+
+

–
+
+
+

–
–
+
+

–
–
–
+

–
–
–
+

–
1
1
1

–
1
2
2

–
–
–
1

–
–
–
1

0
2
3
5

3

3

2

1

1

3

5

1

1

10

4

5

1

2

12

Total descendants

Immatures and young adults in grave
(Klíma and Matiegka)

The adult individuals buried in the mass grave at Předmostí are, therefore: two prime
adult females (individuals 1 and 10), two prime adult males (individuals 3 and 9), one older
female (individual 4), one “middle aged” male, the oldest person in the burial (individual 14),
and two young adults (individuals 5 and 18). Hence, these individuals may have formed husband-wife couples, and this seems quite likely at least where the six older people are concerned, the locations of their bodies in the burial pit being consistent with this hypothesis.
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Individuals 1 and 3 lie next to each other, and so do 10 and 9, forming at death the two
prime-age adult couples they may have been in life. Moreover, they occupy the central area
of the grave, much as they must have played a central role in organizing and leading the
group’s daily life. Individuals 4 and 14 are separated, but in a special way, one at each of the
two extremeties of the grave, and each covered by a mammoth shoulder blade, a distinction
enjoyed by none of the others. This distinction may be related to the fact that, in these
groups, elderly people enjoyed a high social status, their location in the collective burial
meaning that they were supposed to “envelop” the rest of the group in death much as they
would have “protected” them in life, with their wisdom and experience. Conversely, the
peripheral location of individuals 5 and 18 may be related to their younger age, to their being
unwed, or to their being wed but still without children.
A number of plausible explanations can be invoked for what may have caused the catastrophe recorded in the collective burial of these individuals (starvation, unpredicted severe
weather, etc.) and, simultaneously, for the fact that other people (neighboring bands, the rest
of the band, etc.) could come to the place in time to bury their kin or allies before scavengers
consumed the corpses. The lack of evidence for personal ornamentation in all of the
Předmostí individuals, contrasting with the important grave construction, may also be related to the exceptional nature of the event.
In this context, the most reasonable explanation for the sex and age structure of the
Předmostí “mass grave”, therefore, is that it corresponds to a complete or near complete
social unit, the core of which are three couples and the descendants of the adult women.
Moreover, the different individuals are not distributed at random (Fig. 33-1), and the spatial
arrangement of the bodies presents a problem that, as Klíma (1991) pointed out, begs for a
social explanation. Regardless of the validity of our own particular solution for the problem,
that spatial pattern quite clearly shows at least that a) the specific emplacement of each individual obeyed certain rules and b) such rules required that mature and immature individuals occupied separate areas of the grave. This carries the implication that, at death, the age
class to which immature individuals belonged carried more weight than close kinship, i. e.,
that infants and children were not buried alongside their mothers, even if the whole family
died together, and the mothers were buried alongside their mates. Infants, in particular,
seem to have formed a separate category and, in this regard, the possible anomaly to the pattern represented by Předmostí 6 may well be more apparent than real. Although possibly
under three years, it was buried with the group’s children and adolescents, not in the well
defined cluster of “babies.” This suggests that it may have been significantly older than the
latter, and socially perceived as such — in its third year of life, it is conceivable that it was
weaned and, hence, that it was already viewed as a “very young child.”
In the framework of the social model outlined above, the placement of Předmostí 5
and 18 also makes sense. On the one hand, they are close to the other adults and, therefore,
their position is not anomalous. On the other hand, if they were unmarried siblings, their
placement with the group’s children and adolescents would make sense if marrying, or
having children, represented a major threshold in life. This may well hold for Předmostí 5
who, in the model presented in Table 33-5, would be too young to have been the mother of
any of the group’s infants and children. A number of alternative plausible explanations can
also be offered for Předmostí 18 if, as it seems quite likely, he wasn’t the son of any of the
women in the grave: the unmarried brother of one of the males, a visiting ally, Předmostí
5’s groom, etc. In any of these cases, his social condition may have been distinct from that
of the other males in the three core couples of the group, explaining his peripheral position
in the grave.
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In sum, the evidence reviewed above suggests that we can safely infer from Předmostí:
• that age classes were socially recognized in the Gravettian;
• that “adults” and “infants” formed two such age classes, and that children formed a
third, intermediate category;
• that each individual’s age-at-death influenced the kind of mortuary treatment
received.
Where the issue of possible distinctions in social status between adolescents and children, i. e., between pre- and post-puberty individuals, is concerned, however, Předmostí is
inconclusive. Children are separated from the adults, but at least one adolescent was buried
among them in a second example (after the double burial of Sunghir) of association between
children and adolescents.
These findings are consistent with the evidence provided by multiple burials. As in the
latter, infants and children are separated from the adults, although children may be associated with adolescents and adolescents with adults. When cemeteries (defined hereafter as
sites that, in a given period, were used for funerary purposes at least once, even if settlement
activities are also documented therein) are considered, this pattern remains unchanged (see
below).

Open-Air Cemeteries
At open air sites, the association of burials with other features — activity areas, habitation areas, other burials — is difficult to evaluate. Each individual burial episode may have
taken place long after any signs of previous occupations of the same place had become covered by vegetation or sediments, or long after the tradition relating that particular spot with
a certain individual, or with individuals of a particular social condition, had been lost.
Sunghir is a good example of this, because, even if apparently spatially associated, the habitation levels date to 27-28 000 BP, whereas the burials date to 23 000 (single adult burial)
and 24 000 (double child-adolescent burial) BP (Pettitt and Bader, 2000). Svoboda et al.
(1996: p. 214) also argue that the Dolni Věstonice burials are more recent than the settlement levels into which the burial pits were excavated.
Thus, in such open air contexts, what archeologically may appear as the multifunctional
use of the same place, in all likelihood represents the opposite, that is, the use as a cemetery
of an area peripheral to or distant from the contemporary habitations. In some instances,
such an area may coincide or overlap with the location of older (or later) settlements, but there
is no evidence that such a coincidence was deliberate. By the same token, the fact that individual burials have been recovered from the area archeologically defined as a single open air
site does not necessarily mean that all of the burials were contemporary or that it was considered socially appropriate for the individuals concerned to be buried together.
Table 33-6 presents the data for open air cemeteries of the Late Cluster (in the Middle
Paleolithic there is only one individual buried in the open, the Taramsa child). Apart from
Sunghir and Předmostí, the infant and child burials at such sites are those from Dolní
Věstonice and Kostenki, where adult burials are also known. Given the above, and given the
following information on these funerary features, such a general spatial coincidence does
not contradict the hypotheses concerning the particular status of infants and children
derived from the analysis of the multiple burials.
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Table 33-6
Paleolithic open air cemeteries and age classes of the individuals buried in them.
Burial

Fetuses

Infants

Children Adolescents

Adults Observations

–

–

1

–

–

Brno
Dolni Věstonice I
Dolni Věstonice II

–
–
-

–
–
1

–
1
–

–
–
–

2
1
4

Kostenki 2
Kostenki 14
Kostenki 15
Kostenki 18
Malta
Pavlov
Předmostí

–
–
–
–
–
–
–

–
–
–
–
–
–
4

1
–
1
–
1
–
5

–
–
–
–
–
–
1

–
1
–
1
–
1
9

Sunghir

–

–

1

1

1

Intermediate Cluster

Taramsa
Late Cluster

Child = DV4, with no context
Infant = DV36, identified
among DVII faunal remains

Isolated below habitat level
Far from any habitat level

Except for one adult, all in
“mass grave”
Child in double burial with
adolescent

The Dolní Věstonice 4 child comes from area I of the site, which also contained the burial of the Dolní Věstonice 3 female, but there is no indication that the two burial events were
related to what, at the time, may have been conceived as the same place. Moreover, the child
comes from Absolon’s 1927 excavations, whereas the woman was found by Klíma in 1949
(Svoboda et al., 1996: p. 64), which indicates that they cannot have been spatially close. The
Dolní Věstonice 36 infant is a set of teeth identified among the faunal remains from area II
of the site (Trinkaus et al., 2000b). It is inferred to have come from a burial because of the
otherwise taphonomically unusual anatomical association. No such feature, however, was
recognized in the field, so there is no basis to consider that this infant was in any way associated with the adults recovered in the same general area (the triple burial of Dolní Věstonice 13-15 and the single burial of Dolní Věstonice 16).
As for the child buried at Kostenki 18, it was found “in the middle of the fields, away
from any occupation feature” (Binant, 1991b). According to Sinitsyn (1998, pers. comm.),
the child buried at Kostenki 15 was placed at the edge of a bone concentration interpreted as
the possible remains of a dwelling. Geological contemporaneity between the burial pit and
the cultural layer containing this problematic feature seems clear, but synchronicity between
the two occupation episodes (habitation and burial) cannot be ascertained and, stratigraphically, the burial is below the cultural layer. The two adults come from other parts of this complex of sites. The stratigraphic situation described by Abramova (1984) for Malta evokes that
of the child buried at Kostenki 15, i. e., below an intact cultural layer, indicating that the burial event preceded the habitation and is unrelated to the latter.

Cave or Rockshelter Cemeteries
Unlike open air sites, caves and rockshelters are places easily identifiable as discrete
spots on the landscape and whose identification with social traditions is, therefore, easier
to maintain across generations. In light of this, the simultaneous presence in this type of
cemetery of individuals belonging to age classes that, on the basis of the evidence from
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multiple burials, should not have shared the same burial emplacement, could be taken as
a significant obstacle to the inferences concerning the differential treatment of infants and
children.

Table 33-7
Cave and Rockshelter cemeteries, per time cluster, and age classes of the individuals
buried in them.
Burial

Fetuses

Infants

Children Adolescents

Adults Observations

–
–
–
–

1
2
–
–

5
–
–
3

1
–
–
–

6
3
1
7

–
–
–
–
–
–
1
–
–
–
–
–
–
–
–
–
–

1
2
–
1
1
–
2
–
1
–
1
1
–
–
–
–
2

–
–
–
–
–
–
2
–
–
–
–
–
1
–
–
–
1

–
–
–
–
–
–
–
1
1
1
–
–
–
1
–
–
–

1
–
1
1
1
1
2
–
–
–
–
–
–
–
2
2
–

–
–
–
–
–
–
–
–
–
–
–
–

–
–
–
–
1
–
–
–
–
–
–
–

–
–
–
–
–
–
–
1
–
–
–
–

1
1
2
–
–
1
1
–
–
1
–
–

–
2
4
1
4
3
2
–
2
1
1
2

Early Cluster

Qafzeh
Shanidar
Tabun
Skhul
Intermediate Cluster

Amud
Dederiyeh
Feldhofer
Kebara
Kiik-Koba
La Chapelle-aux-Saints
La Ferrassie
La Quina
Le Moustier
Le Régourdou
Mezmaiskaya
Roc-de-Marsal
Teshik-Tash
Saint-Césaire
Shanidar
Spy
Zaskalnaya VI
Late Cluster

Arene Candide
Baousso da Torre
Barma Grande
Caviglione
Cro-Magnon
Cussac
Fanciulli
Lagar Velho
Ostuni
Paglicci
Paviland
Veneri Parabita

Infant = newborn/fetus in mother?

Table 33-7 lists all the caves and rockshelters known to have been used as funerary sites
in the three time clusters considered in our analysis. The most striking feature of this table is
that, in the Late Cluster, only one infant, Cro-Magnon 5, and one child, Lagar Velho 1, were
buried in a cemetery of this kind. Lagar Velho 1 seems to have been alone, whereas CroMagnon 5 was associated with four adults. Given how the site was excavated, it cannot be
excluded that this was a late fetus or newborn perinatally dead with its mother and buried with
her. If so, this would have been the burial of its dead mother, not the infant’s per se, a situa-
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tion similar to that of the Ostuni 1 pregnant woman. Cro-Magnon 2, an adult female, could
have been Cro-Magnon 5’s mother. Another possible example of late fetuses or newborns
associated with their mothers is that reported by Binant (1991b) for the Proto-Magdalenian
(late Gravettian, ca.22 000 BP) level of the Abri Pataud. The human skeletal material found
therein may have been derived from disturbed burials and included the remains of a young
adult female (20-25 years old) found “intimately” mixed with those of a newborn infant. This
evidence indicates that Cro-Magnon 5 is not necessarily an exception to the pattern revealed
by Table 33-7: that, in the Gravettian, as a rule, pre-adolescent individuals were not buried in
cemetery sites used for adolescents and adults.

Table 33-8
Evidence for ritual other than interment itself, for individuals under 13, listed per
time cluster in increasing numeric order of estimated age-at-death.
Individual

Age (years)

Age Class

neonate
9 months
9 months
3
3-4
4-6
4-6
4-6
6
8-10
10

Infant
Infant
Infant
Infant
Child
Child
Child
Child
Child
Child
Child

-2 months
<0-3 months
0-1 month
7 months
7 months-1
10 months
0-2
1
1-3
1-3
2
2-3
2-3
3-5

Features

Use of ochre

Hearth

No
No

Ritual

Early Cluster

Qafzeh 13
Shanidar 7
Shanidar 9
Qafzeh 21
Qafzeh 12
Qafzeh 22
Skhul 1
Skhul 10
Qafzeh 10
Qafzeh 15
Skhul 8

Pit

No

Pit
Pit

No
No

Fetus
Infant
Infant
Infant
Infant
Infant
Infant
Infant
Infant
Infant
Infant
Infant
Infant
Child

Pit; Mound

Pit
Pit
Pit

No
No
No
No
No
No
No
No
No
No
No
No
No
No

5-6
8-9
8-10
10

Child
Child
Child
Child

Pit
Pit
Pit; Mound
Pit

No
No
No
No

1 month
1-2
0-3
0-3
0-3
2-3?

Infant
Infant
Infant
Infant
Infant
Infant

“Mass grave”
“Mass grave”
“Mass grave”
“Mass grave”

No
No
No
No
No
No

Multiple burial

Intermediate Cluster

La Ferrassie 5
Mezmaiskaya 1
La Ferrassie 4b
Kebara 1
Kiik-Koba 2
Amud 7
Le Moustier 2
Zaskalnaya 1
Dederiyeh 1
Dederiyeh 2
La Ferrassie 8
Roc-de-Marsal 1
Zaskalnaya 2
La Ferrassie 6
Zaskalnaya 3
Teshik-Tash 1
Taramsa 1
La Ferrassie 3

Pit
Pit
Pit
Pit
Pit
Pit

Deer maxilla on pelvis
Multiple burial
Slab on head, flake on thorax

Multiple burial
Slab with cupholes on bottom
face over grave
Multiple burial
Grave inside circle of goat horns

Late Cluster

Cro-Magnon 5
Dolni Věstonice 36
Předmostí 11
Předmostí 12
Předmostí 13
Předmostí 6
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Table 33-8 [cont.]
Individual

Age (years)

Age Class

Features

Use of ochre

Předmostí 8
Malta 1
Lagar Velho 1

3-4
>4
4-5

Child
Child
Child

“Mass grave”
Stone coffin in pit
Pit

No
Yes
Yes

Kostenki 15 burial

6-7

Child

Pit

Yes

Kostenki 18 burial

6-7

Child

Pit

No

Předmostí 2
Předmostí 15
Předmostí 16
Předmostí 17
Dolni Věstonice 4

6-7?
4-12?
4-12?
4-12?
4-12?

Child
“Mass grave”
Child
“Mass grave”
Child
“Mass grave”
Child
“Mass grave”
Child Mammoth scapula

No
No
No
No
Yes

Sunghir 3

9-10

Child

Yes

Ritual

Late Cluster

Pit

Ornaments, ivory tools, stone tools
Fire, shroud, ornaments, rabbit,
deer parts
Seated; pierced fox teeth; bone
and stone tools
Bones, arranged as three beds,
covered body

Pierced fox teeth; some bones
burnt
Double burial; weapons,
ornaments, beads

When data on other ritual behaviors associated with interment are considered (Table
33-8), it becomes apparent, however, that a significant difference also seems to exist between
infants and children. In the Late Cluster, no instances of formal burial features containing
individualized late fetuses, newborns or infants are known, and no ritual behaviors other
than interment, or inferred interment, are documented for skeletons belonging to these age
classes; none displayed any evidence that red ochre was used in its burial, and none was
associated with personal ornaments clearly its own. In contrast, children between the ages
of 3 and 12 years, as examplified by Lagar Velho 1, are buried in features, are associated with
ochre, and bear personal ornaments. Even if Lagar Velho 1 is the single example from a cave
or rockshelter site, it shares such a treatment with those from the open air cemeteries of
Dolní Věstonice I, Kostenki 15, Kostenki 18 and Malta, even if ochre does not seem to have
been used in Kostenki 18. The Předmostí children are exceptions to the ornaments rule but,
in this wholly exceptional case, adults were deprived of them too.

Diachronic Variation
The evidence reviewed above suggests that, in the Gravettian, pre-adolescents were
treated at death differently from adolescents and adults. Children were buried separately, but
with similar rituals. Infants were buried separately from all others and with no ritual. Where
the latter are concerned, however, even the evidence for interment is remarkably thin, if
Předmostí is not considered. Two instances remain, Cro-Magnon 5 and Dolní Věstonice 36,
but the former may have been part of its mother’s burial, and whether the latter was buried
is based on taphonomic inference, not field observation. In fact, one may speculate from
these data whether, in normal conditions, Gravettian people buried nursing infants at all, or,
alternatively, whether Gravettian people considered that an individual existed as an independent person and, hence, worthy of burial at its death, only after becoming independent,
in terms of subsistence, from its mother.
It is nonetheless clear that taphonomic factors cannot explain the dearth of Gravettian
infant burials and the absence of ornaments in them. Where the latter are concerned, the
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fact that Dolní Věstonice 36 is only a set of associated teeth does suggest preservation problems. However, if so, one would expect ornaments made on teeth (present in all of the site’s
other burials) to be preserved. Since such was not the case, the absence of evidence may well
be evidence of absence.
Tables 33-2, 33-7 and 33-8 also make it clear that the pattern revealed by the
Intermediate Cluster is an almost reverse image of the Late Cluster’s. In the Intermediate
Cluster, the number of fetuses’ and infants’ burials is equal to that of adults, matching an
expected mortality distribution for immature individuals (Trinkaus, 1995b) and suggesting
that there was little discrimination on the basis of age. Moreover, the evidence for ritual
other than interment is as strong among the youngest individuals as among older children
(or as weak, depending on how one chooses to look at the evidence for Middle Paleolithic
burial rituals — see Chapter 10 for the rationale behind our acceptance of the evidence for
ritual presented in Table 33-8). Besides the decoration on the lower surface of the slab covering the La Ferrassie 6 child, and the controversial circle of goat horns associated with
Teshik-Tash 1, the Amud 7 and Dederiyeh 1 infants are both associated with variably convincing evidence of ritual. This is all the more significant since, in the Intermediate Cluster,
such evidence is remarkably more faint where adults are concerned. A comparison with the
Intermediate Cluster also makes it clear that the “mutual avoidance” of children and adults
documented for the Gravettian does not apply to the later Middle Paleolithic. This is well
exemplified by the situation which is the closest to a true cemetery, that in the Ferrassie-type
Mousterian level CD of the type-site, which contained several contiguous burial pits at
broadly the same elevation and containing fetuses, infants, children and adults.

Table 33-9
Age class structure of the populations of buried individuals from the beginning of
the Middle Paleolithic to the end of the Gravettian.

Early Cluster
Intermediate Cluster
Late Cluster
TOTAL

Fetuses
N
%

Infants
N
%

Children
N
%

–
1
–
1

3
12
6
21

8
5
11
24

0
3
0

10
36
9

28
15
16

Adolescents
N
%

1
1
9
11

3
3
13

Adults
N
%

N

%

17
14
43
74

29
33
69
131

100
100
100

59
42
62

Total

A diachronic analysis of the variation in the age structure of the populations of buried
individuals from the three temporal clusters recognized (Table 33-9) confirms the existence
of significant differences between them that cannot be attributed to taphonomic, evolutionary
or biobehavioral factors, and, therefore, can only have a cultural explanation. In the Early
Cluster, immature individuals are 41%, in the Intermediate they are 58%, and in the Late they
are 39%. The structure is therefore very similar in the earlier and later periods, i. e., no fetuses, few infants. Relative to adults, however, adolescents are underrepresented in the earlier: 1
adolescent (6% of all past-puberty individuals) against 17 adults in the Early Cluster, versus 9
adolescents (17% of all past-puberty individuals) and 43 adults in the Late Cluster. The
Intermediate Cluster features the same underrepresentation of adolescents seen in the Early
Cluster — 1 adolescent (7% of all past-puberty individuals) versus 14 adults — but it stands
out in the comparisons mainly because fetuses and infants correspond, here, to 41% of the
total sample, against only 10% and 9%, respectively, in the Early and the Late Clusters. If
fetuses are grouped with infants, and adolescents with adults, in order to avoid the zeros and
low numbers in the contingency table, it becomes possible to evaluate statistically the signif-
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icance of differences between the three periods in the representation of the three age groups
so formed, where nursing and puberty are the dividing developmental thresholds. Using
Microsoft Excel’s chi-square test function, the results presented in Table 33-10 are obtained.

Table 33-10
Chi-square testing of the significance of the differences in age class structure between
populations of buried individuals from the beginning of the Middle Paleolithic to the
end of the Gravettian. Individuals are grouped in three classes: fetuses and infants,
post-lactating pre-puberty juveniles, adolescents and adults. Significance levels
adjusted with a sequentially reductive multiple comparison correction.
Comparison (3 age classes)

P value

Significance

Confidence level

Early vs Intermediate vs Late
Early vs Intermediate
Intermediate vs Late
Early vs Late
Early + Intermediate vs Late

0.001
0.030
<0.001
0.369
0.014

Different
Not different
Different
Not different
Different

99%
–
99%
–
95%

If, in order to avoid possible biases introduced by any errors related to the ascription of
sites to either the Early or the Intermediate Cluster, or to their different geographic distributions (the former is entirely western Asian, and the latter contains no burials from central
Europe), those two clusters are combined, the specificity of the Gravettian pattern does not
disappear. Since the percentage of children is similar in the two samples thus obtained (21%
and 16%, respectively), that specificity is related to the fact that, in the earlier, fetuses and
infants are 26% of the total, and post-puberty individuals 53%, whereas in the later the corresponding figures are 9% and 75%, respectively. These differences remain significant at
the 95% confidence level (P = 0.014).
Assuming that it is correct to discriminate within the pre-35 000 BP sample between an
Early and an Intermediate Cluster with the compositions given in Tables 33-1 and 33-2, Table
33-10 also shows that the Early Cluster’s structure approaches a significant difference relative
to the Intermediate Cluster, but it cannot be distinguished statistically from the Late Cluster.
This moderate contrast is not explained by the fact that the Late Cluster is entirely made up
of early modern humans, which also predominate in the Early Cluster, in contrast with the
almost exclusively Neandertal composition of the Intermediate Cluster. When the age class
structure of buried Neandertals and buried early modern humans from the Early Cluster is
compared, contrasting the frequencies for pre-puberty and post-puberty individuals (a compaction of the sample into these two groups is required for the chi-square test to be possible)
gives a P-value of 0.794, that is, the two samples are identical.
It would seem, therefore, that fetuses and infants were “worthy” of burial in the late Middle
Paleolithic, but that such was not the case, or only rarely was the case, either before or after.
Moreover, since they are found on their own, the “fetuses” in question (La Ferrassie 4a and 5,
as well as, possibly, Mezmaiskaya 1) must correspond to bodies that somehow “came out” of
their mothers’ wombs, i.e., they are either premature or dead-at-birth babies. Therefore, if their
mothers too died as a result of perinatal complications, they must have been buried somewhere
else. This hypothesis, however, is not consistent with the evidence contradicting any spatial discrimination between individuals belonging to different age classes in the Intermediate Cluster.
Hence, it seems more logical to admit that their mothers survived, which highlights another
contrast with the Late Cluster, where the only fetuses known (Ostuni 1bis, certainly; Abri
Pataud, almost certainly; and Cro-Magnon 5, quite possibly) were in their dead mothers.
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It is in any case clear that, by comparison with the Early and especially the Late Clusters,
the frequency of fetuses and infants among buried individuals appears to be anomalously
high in the Intermediate Cluster, as noted by Defleur (1993: p. 275) for the Mousterian as a
whole. Moreover, there is some evidence that, in the burials from this cluster, ritual behavior
is better documented in association with such individuals than with the other age classes.
This may reflect that society placed more significance in the loss of very young lives than in
the loss of older children (there is a gap between ages-at-death of 3 and 9 in the Intermediate
Cluster), adolescents and adults. Alternatively, as noted above, the mortality pattern in the
Intermediate Cluster, except for the dearth of older adults, is remarkably close to what would
be expected from normal demographic patterns (Trinkaus, 1995b). If anything, there are too
few infants preserved given normal recent human rates of infant mortality [20% to 50%; available figures for the!Kung and the Hadza, for instance, are 44% and 39% respectively (Bogin,
1998)], which is probably explainable as a result of the poor preservation of neonatal skeletal
remains and the absence of excavations until the late twentieth century capable of routinely
recognizing such fragmented human remains.
There is no reason to assume that such preservation and excavation issues affect
Intermediate Cluster burials less than Early and Late Cluster ones. In fact, therefore, it is the
frequency of fetuses and infants among buried individuals in these clusters that is anomalously low, not that in the Intermediate Cluster that is anomalously high. This implies that
the real difference between the Intermediate and Late Clusters of burials, or between primarily later Middle Paleolithic people (mostly Neandertals) and Gravettian people (all early
modern humans), is the emergence of age-related criteria for the differential burial of members of a social group. The data for the Early Cluster, however, do not preclude that similar
criteria were already in use by OIS 5 times. Therefore, this cultural trait may well have varied non-directionaly, and the hypothesis that what we may be seeing in the Gravettian is its
re-emergence more than its first emergence cannot be rejected at present.

Conclusions on Middle and Earlier Upper Paleolithic Burials
In the Gravettian, the end of breastfeeding and the onset of puberty seem to have been
socially significant developmental thresholds. The patterns derived from multiple burials are
consistent with those derived from the analysis of sites with single or accretional episodes of
burying in indicating that fetuses and infants did not receive ritualized interment. The presence of infants in the Předmostí “mass grave” is an apparent exception that can be explained
by the unusual situation pertaining there. Moreover, the three nursing individuals were
placed together, in their own spatial cluster, separated from the other members of the group
and, more importantly, separated from their putative mothers. Gravettian pre-puberty children did receive a ritualized burial, but in localities different from those appropriate for postpuberty adolescents and adults. The fact that children are present, together with adolescents
and adults, in the Předmostí “mass grave”, is again only an apparent exception. Those children clustered together spatially, and they were separated from their putative mothers. The
placement of pre-puberty individuals in this collective tomb was based on their ages-atdeath, not their parental ties.
In the later Middle Paleolithic, by contrast, no difference between developmental stages
as defined using weaning and puberty as thresholds is apparent, at least as far as burial is
concerned. It remains possible that age classes were recognized at the time, but such a
recognition was not reflected in archeologically-preserved manifestations of material cul-
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ture. The fact that fetuses and infants represent 39% of the sample of buried individuals in
this time range makes it abundantly clear that the dearth of such individuals in Gravettian
burials cannot be explained by taphonomy or preservation, and it must be considered as the
manifestation of a cultural practice. Such a dearth is all the more striking if we consider that,
in hunter-gatherer societies, many offspring die in infancy.
From this perspective, the Lagar Velho 1 child, with a secure chronology (ca.24 500 BP)
and age-at-death (4.5 years old), represents unequivocal evidence that, in the mid-Upper
Paleolithic, young children became socially part of the world of living humans past the age
of about four, that is, past weaning. Much the same can probably be said for the Malta 1
child. Among the rituals elsewhere associated with Gravettian adolescents and young adults
that are documented in the Lagar Velho child burial, the most striking is the fire at the bottom of the burial pit, described in the double burial of one adolescent and one adult at Grotta
dei Fanciulli, as well as in the single burial of the Sunghir 1 adult. The use of red ochre, as
well as the presence of ornaments on the forehead or around the neck, are commonplace in
adult burials of the period (Chapter 10).
The immature dead rabbit placed across the child’s lower legs and the possible meat
offerings represented by the red deer pelves recovered in contact with the child’s feet and
right shoulder have less well documented counterparts in the Middle Paleolithic and are the
kinds of grave goods which are not uncommon in Gravettian burials. These faunal elements
may be used to support notions of cultural continuity between the Middle and the Upper
Paleolithic. To a certain degree, and at a broad scale of analysis, such a continuity is to be
expected in the first place, but such elements cannot be interpreted as signaling the survival
in the Gravettian of Portugal of features of culture that would have been characteristic of the
preceding late Mousterian.
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| Historical Implications

❚ JOÃO ZILHÃO ❚ ERIK TRINKAUS ❚

In Chapter 32, we argued that the only possible explanation for the anatomical mosaic
apparent in the Lagar Velho child’s skeleton is that, at least in the western periphery of the
peninsula, the dispersal of early modern Europeans into Iberia involved extensive biological
admixture with local Neandertals; sufficiently extensive that, a few millennia later, the evidence for such an admixture was present in different aspects of the morphology of the people then living in Portugal. No such evidence, however, is apparent in the realm of culture;
burial ritual, lithic technology and typology, ornament types, art styles and habitat features
of the Portuguese early Upper Paleolithic all link it to contemporary western European technocomplexes and provide no unambiguous clues to a putative survival of cultural traditions
typical of the latest Mousterian (see below and Chapters 10 and 33). Therefore, there are no
known cultural correlates of the process of biological admixture inferred from the child’s
anatomy. Such an absence has been used by some to oppose that interpretation, but their
arguments are logically and empirically inconsistent (see Chapter 32).

The Middle-to-Upper Paleolithic Transition in Portugal
Technologically and typologically, the lithic industries from Estremadura (the region of
Portugal where the Lagar Velho site is located) that are well dated to the period between 27 000
and 20 000 years ago fit comfortably within broader western European frameworks (Zilhão,
1995, 1997). The late Aurignacian and early Gravettian assemblages resemble what is known
from the Aquitaine basin in terms of both the workshop facies (such as Vale de Porcos) and
the lithic components recovered in highly specialized, ephemeral logistic sites (such as Pego do
Diabo). Font-Robert points are unknown, and no assemblages can be securely assigned to the
period between ca.25 000 and ca.23 000 BP. Such might be the appropriate chronostratigraphical slot for the Fontesantense industry, but this industry has been TL-dated to ca.38 000
BP at the eponymous site of Fonte Santa, and the issue of its true chronology remains unsettled (Zilhão, 2001d). Technological developments again follow a strikingly parallel track
throughout the period coinciding with the onset of the Last Glacial Maximum, between
ca.23 000 and ca.20 000 BP — the succession of “Proto-Magdalenian”, Terminal Gravettian
(“Aurignacian V”), Proto-Solutrean, Lower Solutrean and Middle Solutrean industries has been
recognized in both Estremadura and Aquitaine. Close correspondence between naming and
definition, both typological and technological, exists between the two regions, and there is also
strict synchronicity between them in the timing of the passage from one stage to the next
(Zilhão, 1995, 1997, 2000a; Zilhão and Aubry, 1995; Zilhão et al., 1997, 1999).
As discussed in Chapter 10, the use of fox canines separates eastern and central Europe
from southern Europe, where red deer canines are the only animal teeth in Gravettian burials and tend to be arranged in headdresses, as has also been inferred for the Lagar Velho child.
The kinds of shells used enable further differentiation of the world of Gravettian burials into
three “ornament provinces”: a central and eastern European province (characterized by beads,
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bracelets and other items of body decoration made of mammoth ivory, by Dentalium fossil
shells and by perforated fox canines), a southern, Mediterranean province (with Cyclope shells
and perforated red deer canines), and a western, Atlantic province (with the same perforated
red deer canines but this time associated with Littorina shells). Where Portugal is concerned,
this pattern is strengthened by the fact that the ornament types associated with the Lagar
Velho 1 child have counterparts in isolated finds from Gravettian habitation levels in such
cave sites as Caldeirão (Zilhão, 1995, 1997) and Buraca Escura (Aubry et al., 2001).
A significant level of cultural uniformity across Atlantic Europe, consistent with the evidence from lithic technology, ornaments and burial ritual, is also indicated by the striking stylistic parallels between animal figures attributed to the Gravettian in the rock art of the Côa
Valley, in northeastern Portugal, and in the cave art of the Pyrenees, Aquitaine and Ardèche
areas of France (Guy, 1998). Moreover, campsites excavated in the Côa Valley have yielded TL
dates for Gravettian levels that indicate broad contemporaneity with the Lagar Velho child
burial (Mercier et al., 2001). At Olga Grande 4, for instance, the average of five dates on burnt
quartzites from Gravettian level 3 is 27 800 ± 1800 BP, a result that is consistent with the calibrated age of the burial. That level contained colorants that may have been related to the artistic activity in the valley, as well as quartzite picks used to peck the outlines of the animal
figures engraved on the schist panels, as was established by use-wear analysis (Aubry, 2001).
These items were associated with abundant lithic remains, including typical Gravettian
microliths, organized around a very large hearth. A similar spatial organization of the habitat
around extensive fire features is documented at another Gravettian site in the area, Salto do
Boi (Cardina). Close parallels for these features and camp types are found in the Gravettian
open air sites from the Rhône valley, notably Vigne Brun, at Villerest (Loire), radiocarbon
dated to ca.23 000 BP (Desbrosses and Kozl/owski, 1994: p. 50).
These patterns in no way contradict the hypothesis of extensive population admixture
at the time of contact derived from the particular anatomy of the Lagar Velho child. In fact,
assuming that, in the framework of admixture, the resulting population should be expected
to inherit from the different ancestral groups in the realm of culture as well as in the realm
of biology overlooks the fundamental difference that exists between the two realms in terms
of the mechanisms regulating the generational transmission of traits. The transmission of
cultural traits is a Lamarckian process (characters acquired in one generation are passed on
to the next), whereas the transmission of biological traits is a Darwinian process (adaptive
characters randomly evolved in certain individuals eventually become predominant in the
whole population over the long term because they are adaptive, i. e., because they favor the
differential reproductive success of their offspring or become fixed through genetic drift in
small populations). Consequently, whether a given technology or behavior is maintained
and taught to the next generation or abandoned and replaced by something new is a matter
decided upon by individuals and social groups. In contrast, whether a given anatomical trait
will or will not be transmitted is determined by differential reproduction and is the domain
of natural selection and drift, which is largely independent of human volition and whose
scale of operation is the long-term, not the short-term. That is why, ultimately, population
admixture and interbreeding are issues that must be decided upon the biological evidence,
genetical and skeletal, not upon the archeological evidence, particularly when such evidence
is scant and the order of magnitude of the chronological resolution of the data is the millennium, not the generation.
Therefore, in a scenario of admixture between Neandertals and early modern humans
in Iberia, which, if any, cultural traits from the latest Mousterian survive in the generations
immediately following the time of contact is an issue of historical contingency. The ethno-
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historical record shows that a whole continuum of possibilities exists between the two conceivable poles of 1) admixture resulting in early modern humans fully adopting the culture
of the local Neandertals and 2) admixture resulting in Neandertals fully adopting the culture
of the incoming early modern humans. What exactly happened is a matter for empirical
investigation and cannot be predicted from the fact of admixture itself, as revealed in an
independent manner by features identified in the empirically independent realm of human
biology. This said, the particular combination of anatomical features borne by the Lagar
Velho individual is such that, taxonomically, he is best defined as “a modern human child
with genetically-inherited Neandertal traits” (Trinkaus et al., 1999b). The fact that, anatomically, the child is principally a modern human, suggests an imbalanced interaction, with
Neandertal populations being essentially absorbed and genetically swamped, with particular
features characteristic of such populations being still present a few millennia after contact
but disappearing subsequently. In such a scenario of absorption as is suggested by the biological data, it is not surprising, particularly given the much faster pace of change permitted
by Lamarckian mechanisms of cultural transmission, that no specifically Mousterian traits
of culture are to be found in the archeological record of Portugal ca.25 000 years ago.
That none are found either in the preceding time period, between 28 000 and 25 000 BP,
i. e., that period which immediately followed the time of contact, is also not inconsistent with the
admixture hypothesis. Where this particular time frame is concerned, our knowledge of the
record is slim and essentially limited to stone tools. In the Caldeirão sequence (Zilhão, 1995,
1997), the stratigraphic succession shows that the blade/bladelet assemblage associated with
ornaments made on marine shells recovered in layer Jb, dated to ca.26 000 BP, directly overlies
the strictly Middle Paleolithic flake assemblage with no evidence for ornaments found at the top
of layer K, dated to ca.27 600 BP. But the physical appearance of people in the periods immediately before and after 28 000 BP remains unknown, as do their burial and ritual traditions.
The pierced Littorina shells recovered in level Jb of Caldeirão are nonetheless suggestive of continuity with the subsequent time period of the Lagar Velho child and of discontinuity with the preceding Mousterian in aspects of culture other than lithic technology. This
is consistent with an interpretation of the general hypothesis of admixture inferred from the
child’s skeletal mosaic as a more concrete model of interaction where the last Neandertals
of Portugal were absorbed by incoming modern humans resulting, in the domain of culture,
in a swift loss of specifically Mousterian traditions, and, in the domain of biology, in genetic swamping with short-term (in an evolutionary perspective) survival of some specifically
Neandertal anatomical traits. Where the issue of survival of cultural traits is concerned, however, one must always bear in mind that only a very small part of past behavioral repertoires
survives until the present. Put another way, the fact that the Aurignacian and the earliest
Gravettian of Portugal show no Mousterian influence only tells us that the lithic technology
of post-contact times is that which was brought into the region by early modern humans.
But this tells us very little about the nature, intensity and immediate outcome of the interaction with Neandertals in the realms of myths, beliefs, usages or perishable material culture, all of which remain inaccessible to us.

The Middle-to-Upper Paleolithic Transition in Europe
When the archeological, paleontological and paleogenetical evidence pertaining to the
Middle-to-Upper Paleolithic transition in Europe is considered, the phylogenetic interpretation of the child’s mosaic anatomy not only makes sense, it matches expectations.
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Arguments to the contrary have essentially been that admixture between Neandertals and
early modern humans is simply inconceivable and, hence, cannot even be contemplated in
the Lagar Velho case. Such arguments are as logically and empirically inconsistent as the
objections discussed above and are of two kinds. The first is that Neandertals and early modern humans were different species and, hence, interbreeding would have been impossible
by definition. The second is that the contrast in intellectual and behavioral capabilities
between the two species must have been such that, even if possible from a biologicalmechanical perspective, culturally, subjectively, interbreeding would in practice have been a
taboo outcome in any instance of contact between individuals of the two species.
The fallacious nature of the first kind of arguments was discussed in Chapter 32. Where
the second is concerned, it is essentially based on the notion that the “Upper Paleolithic” or
“symbolic” revolution is a threshold separating full-blown humanity from preceding and contemporary biologically and culturally archaic, not-fully-human populations of the genus, and
that such a revolution only occurred in the modern human lineage. Therefore, following this
line of thought, when early modern humans spread into Europe, they encountered people
(the Neandertals) who not only were not quite human, but were also perceived as such. Based
on his view of a long-term contemporaneity between Châtelperronian Neandertals living in
western and central France and Aurignacian modern humans living in northern Spain,
Mellars (1999), for instance, suggested that “some fundamental barrier must have existed to
prevent the total integration and assimilation of the two populations over this impressive time
span of 5000-6000 years,” particularly given “the possibility of some occasional, short-term
interpenetration between the two territories… of the kind apparently reflected in the reported
interstratifications at Roc-de-Combe, Le Piage and El Pendo.” The fact that “the Châtelperronian and the Aurignacian remain clearly identifiable and sharply separated technological traditions over this prolonged span of time,” in spite of “the archaeological evidence for
various forms of ‘acculturation’ or technology transfer between the two groups,” was then
used to infer a “fundamental barrier to integration between the final Neandertal and earliest
anatomically modern populations;” otherwise, that is, if “close social interaction and interbreeding between the two populations had occurred, then the Châtelperronian would surely
have ceased to exist as a clearly distinct archaeological entity over a much shorter time span.”
This, in turn, is said “to reinforce the view that we are dealing with two populations sharply
separated biologically and behaviorally, possibly of different species and conceivably with
some other basic social, cognitive, or psychological barriers to communication.”
Recent work (d’Errico et al., 1998; Zilhão and d’Errico, 1999; Zilhão, 2001a; Bordes,
2002) has shown that the empirical basis of Mellars’s view is flawed. The Châtelperronian
predates the Aurignacian in all of the Franco-Cantabrian region, and the reported instances
of interstratification are artifacts of post-depositional processes, not genuine evidence for
long-term contemporaneity between the two technocomplexes. This in itself makes “acculturation”, “technology transfer” or “imitation without understanding” invalid explanations
for the Upper Paleolithic features of the Châtelperronian, which include the production of
symbolic items of material culture such as personal ornaments and decorated bone and
ivory tools. If the early Aurignacian is indeed a proxy for early modern humans (and the currently available evidence does not preclude that Neandertals may have been its authors, at
least in part), then, in the Franco-Cantabrian region, the contact between Neandertals and
early modern humans was one between populations having achieved a similar stage of cultural development and, hence, between populations for which the null hypothesis that their
cognitive capacities and behavior were equivalent cannot be refuted. A case can be made that
much the same pertains across most of central Europe, given the technological continuity
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between the Bohunician, the Szeletian and equivalent pre-Aurignacian early Upper
Paleolithic technocomplexes and their regional Middle Paleolithic antecedents.
Mellars’s view of a fundamental barrier preventing interbreeding and assimilation could
be vindicated only if Neandertals and early modern humans had lived side by side for several millennia inside the same regions, with interprenetrating territories, but maintaining separate, independent, cultural identities. When analyzed from an adequate taphonomic perspective, however, the stratigraphic and chronometric data do not support such a notion in
any region of Europe and, in particular, in Mellars’s case study, the Franco-Cantabrian region.
Those data do not support either the notion that, in the latter, such coexistence occurred
across segregated territories with stable but fluctuating boundaries, such a fluctuation
explaining the reported instances of interstratification. But they do suggest that, once
Aurignacian early modern humans had replaced Châtelperronian Neandertals in the FrancoCantabrian region, a stable frontier emerged that separated them from the Mousterian
Neandertals who continued to thrive in Iberian regions to the south of the Ebro basin for at
least five millennia (Zilhão, 1993, 2000b). Numerous analogies exist in the archeological and
ethnohistorical records to show that such major geographical or ecological divides may function as long-lasting lines of separation between populations that are all fully modern both cognitively and behaviorally and, therefore, this “Ebro frontier” pattern does not support
Mellars’s view either. For instance, a much longer-lasting cultural barrier existed between
New Guinea and Australia throughout the Holocene. Against the background of the occupation of the Pacific islands, the expanse of sea separating the two landmasses can only be considered as trivial. Nevertheless, agriculture never became established south of the Torres
Strait until Europeans arrived, in spite of the fact that environments in Arnhem Land and
elsewhere in northern Australia were no different from those in coastal New Guinea. The
explanation for the “Ebro frontier”, therefore, needs be no different from the explanation of
the “Torres Strait frontier”, i. e., historical and ecological, not biological or cognitive.
In this framework, the argument put forward by Mellars becomes nothing more than
an iteration in archeology of the view discussed in Chapter 32 that a barrier preventing interbreeding and cultural assimilation must have existed simply because we are dealing with
two different biological species. Not only is there no direct, one-to-one correlation between
biology and behavior, not only is taxonomic separation at this level in any case irrelevant
when it comes to assessing the possibility of admixture, but Mellars’s line of reasoning also
overlooks major biological and psychological evidence.
The diagnosis that Neandertals are a different species rests essentially on the morphological and genetic data, i. e., on the amount of difference with present-day humans recognized in the fossil anatomy and the mtDNA extracted from the bones of a few Neandertal
individuals. In the use of mtDNA for phylogenetic purposes, however, the comparisons are
restricted to the non-coding, hypervariable regions, so that only drift from a common maternal ancestor, not change brought about by adaptation, is measured. The anatomical comparisons, while providing abundant evidence for two distinctive groups of humans, have
never been shown to reflect fundamental differences in behavioral capabilities (as opposed
to shifts in the frequencies of habitual behaviors). Consequently, the data available have, by
definition, no bearing on the issue of assessing the social, adaptive and reproductive capabilities of the compared groups.
Notwithstanding, the case could be made that differences in physical appearance
between Neandertals and early modern humans were such that admixture would have been
psychologically inconceivable, even if no significant differences in cognitive potential and
levels of cultural achievement existed. Empirical data and experiments (see Kurzban et al.,
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2001, for discussion and references) have been used to claim that, among humans, “encountering a new individual activates three ‘primitive’ or ‘primary’ dimensions — race, sex and
age — which the mind encodes in an automatic and mandatory fashion (i. e., across all social
contexts and with equal strength).” If categorizing people by race is a universal feature of
human behavior, and if such a categorization predisposes one to discriminate between us
and them, then “ingroup favoritism paired with outgroup indifference or hostility” is to be
expected to a much greater extent when modeling interactions between individuals which
differ not just in race but in species.
Psychology, however, suggests (Kurzban et al., 2001) that “although selection would
plausibly have favored neurocomputational machinery that automatically encodes an individual’s sex and age, ‘race’ is a very implausible candidate for a conceptual primitive to have been
built into our evolved cognitive machinery.” This is because “ancestral hunter-gatherers traveled primarily by foot and, consequently, residential moves of greater than 40 miles would
have been rare. Given the breeding structure inherent in such a world, the typical individual
would almost never have encountered people sampled from populations genetically distant
enough to qualify as belonging to a different ‘race.’ If individuals typically would not have
encountered members of other races, then there could have been no selection for cognitive
adaptations designed to encode such a dimension, much less encode it in an automatic and
mandatory fashion.” Thus, “the (apparently) automatic and mandatory encoding of race”
must be instead “a byproduct of adaptations that evolved for an alternative function that was
a regular part of the lives of our foraging ancestors: detecting coalitions and alliances.” In this
context, a neurocognitive machinery designed to track shifting alliances would have been
adaptive. Because “the actions that reveal coalitional dispositions are usually transitory, and
so are frequently unavailable for inspection by others when decisions relevant to coalitional
affiliation need to be made,” “alliance-tracking machinery should be designed to note these
rare revelatory behaviors when they occur, and then use them to isolate further cues that happen to correlate with coalition.” Race gets involved at this stage; because of the correspondences detected between allegiance and appearance, “stable dimensions of shared appearance
… emerge in the cognitive system as markers of social categories.” In this regard, race is no
different from dress, dialect or ethnic badges: a readily observable, rather arbitrary feature that
“acquires social significance and cognitive efficacy when it validly cues patterns of alliance.”
This hypothesis was tested by different experiments conducted with subjects that “had experienced a lifetime in which ethnicity (including race) was an ecologically valid predictor of
people’s social alliances and coalitional affiliations. Yet less than 4 minutes of exposure to an
alternative social world in which race was irrelevant to the prevailing system of alliance caused
a dramatic decrease in the extent to which they categorized the others by race.” Kurzban et al.
(2001) concluded from this that “coalition, and hence race, is a volatile, dynamically updated
cognitive variable, easily overwritten by new circumstances.”
In order to better grasp the European situation between ca.40 000 and ca.30 000 BP,
this evidence needs to be compounded with realistic evaluations of the extent to which
Neandertals could have been represented as them on the basis of their physical appearance
alone. It is in this regard significant that it is to one of the most prominent advocates of the
fundamental separateness of Neandertals, Carleton Coon (1939: p.24), that we owe the observation that, in reference to an artist’s reconstruction of a Neandertal man in modern western
clothing, “our impressions of racial differences between groups of mankind are often largely
influenced by modes of hair dressing, the presence or absence of a beard and clothing.” Two
decades later Straus and Cave (1957: p.359) stated that if the La Chapelle-aux-Saints
Neandertal “could be reincarnated and placed in a New York subway — provided that he were
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bathed, shaved, and dressed in modern clothing — it is doubtful whether he would attract any
more attention than some of its other denizens.” Indeed, several more recent anatomically
accurate reconstructions of Neandertals (by Anderson and Trinkaus, Daynès, the Neanderthal
Museum, etc.), have highlighted the issue reflected in the quotes from Coon and Straus and
Cave; those features which, under a cladistic perspective, lead to the classification of
Neandertals as a different species correspond to anatomical particulars which would have
been unaccesible to a Paleolithic observer. In any concrete situation of contact, for example,
no early modern human would have been capable of assessing whether the other did or did
not have a suprainiac fossa, if his labyrinth had a proper orientation, or if his bregma-lambda curvature was sufficiently high (Fig. 34-1). And, in those features of the Neandertals that
would have been accessible for observation — stature, skin, eye and hair color, shape of the
face and forehead — those other people would not have fallen outside the casually perceived
range of variation which may well have existed among early modern humans (given the large
superciliary arches and low frontal profiles of a number of them).
Therefore, using the fact that Neandertals and early modern humans might have been different species to argue against the possibility of interbreeding in fact amounts to a fundamental misunderstanding of the relation between scientific categories and empirical reality and to
a reification of the former as if they were reality itself. Ethnobotany and ethnozoology are full
of examples of taxonomic systems which differ from those of modern science simply because
they are designed for action in daily life and
hence are based on different, utilitarian
parameters. Our knowledge of what actually happened at this time is reduced, but it
nonetheless allows us to reject the possibility that early modern humans dispersing
into Europe categorized the human landscape they encountered along the lines of
present-day paleontology.
Understanding what happened at the
time of contact between Neandertals and
early modern humans in Europe, therefore,
requires that we move away from the a priori categorization of them as different
hominid taxa and picture the situation in
terms of individuals and social groups operating in real time and in real geography, in
a world of small bands, of travel by foot, and
of low population densities. The perception
that, to us, with the benefit of being able to
sample across whole continents and tens of
thousand of years, they were different races,
or different species, does not mean that the
concrete actors on the ground behaved in
the framework of assumed identities of us
FIG. 34-1 – A conversation between a Neandertal and a modern
moderns versus them Neandertals. An early
human that we can be sure never actually took place … and not
modern human camping at Isturitz, in the
because of language problems! [modified after a drawing by
French Basque country, 35 000 years ago,
Carles Puche in Arsuaga et al., 2001b, p. 325]. With permission
of the editor.
would not have been aware that his ances-
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tors had come from Africa, would not even be aware that people like him occupied all available
land to the east, across the great European plain and southern Siberia. In fact, he would not be
aware that such things as the continents of Europe, Asia and Africa existed in the first place,
much less that his biological, individual and social identity could be based on the fact that he
shared with people living in those continents a common ancestry and a number of physical traits
separating them from the people living to the south and southwest.
The decisions that our hypothetical Isturitzian had to make when it came to dealing with
meridional neighbors must have been decisions on issues of coalition and alliance, and the
questions being asked most certainly were of the kind “is this person healthy?”, “is this person
good-looking?”, “is this young person old enough to be a suitable mate?”, “can those people be
trusted as allies?”, “if we have to fight those people, can we win?”, “is access to those people’s
land and its resources worth the trouble of having to deal with them?” Physical appearance, as
well as differences in culture, must have played a role as cues to the categorization of the actors
involved, so that, in the above list of questions, one could conceivably replace “those people”
with something like “those stocky fair-skinned folk who paint their bodies and hunt their deer
with spears instead of javelins.” We know that the ultimate outcome of the infinite number of
such decisions made by the real people on the ground in Europe at the time was the disappearance of the Neandertal phenotype sometime after 30 000 BP. In a long-term, evolutionary
perspective, therefore, it is appropriate to say that Neandertals were replaced by early modern
humans. But this tells us nothing about the concrete historical features of the short-term
processes whose cumulative consequences led to such an outcome.
It is at that scale of analysis that the mosaic anatomy of the Lagar Velho child becomes
relevant, particularly in its contrast with contemporary Gravettian skeletons from central
and eastern Europe which lack clear Neandertal features. Such skeletons, however, date to
10 000 years after the time of contact, as opposed to only 3000 years in the Portuguese case.
Therefore, the absence of such traits may have at least two different interpretations (Zilhão,
2001a, 2001b; Zilhão and Trinkaus, 2001; see also Chapter 32). In the core areas of continental Europe, mutual avoidance may have been the rule and interbreeding rare or insignificant, with short-term Neandertal extinction coming about as a result of differential fertility,
of the fragmentation of social territories and of the demographic side effects of such factors.
Alternatively, interbreeding also occurred at the time of contact but the anatomical traits
inherited from Neandertals vanished after only a few thousand years, through the operation
of demographic or genetic processes that remain to be modeled. This second hypothesis is
consistent with the fact that archaic traits have been diagnosed on the early modern human
skeletal material from Mladeč (Wolpoff et al., 2001), possibly of early Aurignacian age, as
well as with Smith’s (1984) suggestion that a genetic input from early modern humans
explains the gracile features of the Neandertal remains from Vindija Level G1, radiocarbon
dated to ca.29 000 BP (Smith et al., 1999).
These data also highlight that, even if Mellars’s long-term contemporaneity across a
rather stable frontier separating Aurignacian early modern humans in northern Spain from
Châtelperronian Neandertals in southern France can no longer be retained as a valid hypothesis, such situations did indeed exist not only in the Iberian case but also in other parts of
Europe (Zilhão 2001a). Much the same may have occurred with regions around the Black Sea,
in the Crimea and northern Caucasus, where Middle Paleolithic Neandertals seem to have
survived until ca.30 000 BP (Marks and Chabai, 1998), whereas early modern humans with
an early Upper Paleolithic tool-kit are known to have settled the Russian plain at least since
ca.33 000 BP, given the direct date for the human remains in Level III of Kostenki 1 (Richards
et al., 2001). The Neandertal populations of the Slovenian and Croatian karst, in particular,
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seem to have survived for several thousand years after the loess plains of Moravia and southern Germany were first settled by early modern humans some time after 36 000 BP. In this
case, the contemporaneity seems to have been between archeologically Upper Paleolithic people (Szeletian or Olchevian and Aurignacian) on both sides. The same may obtain where the
now flooded plains of the British Channel are concerned, since they quite likely stably separated for a few millennia the early modern humans of Aurignacian France from the
Lincombian Neandertals who may have survived in southern England until ca.30 000 BP, no
evidence for modern humans being known in the region before about that time (AldhouseGreen and Pettitt, 1998). As argued above, these situations do not vindicate assertions that
they imply some fundamental barrier to assimilation and interbreeding between the populations living on each side of the frontier. What they do is present us with a challenge to explain
why the spread of early modern humans was punctuated by such moments of stability, to
explain how that pattern may relate to the nature of their cultural adaptations and to ecological competition with Neandertals, to find out when, why and how such frontiers eventually
disappeared, and, in each concrete instance of such a disappearance, what was the outcome
in terms of the culture and biology of the human groups living in those regions in subsequent
times. Where Iberia is concerned, and in the light of the biological evidence provided by the
Lagar Velho child, we take up that challenge in the following section.

Establishment and Disappearance of the Ebro frontier
In the period between ca.36 000 and ca.30 000 BP, two technocomplexes are documented in the Iberian Peninsula, the Aurignacian and the Mousterian. In the Cantabrian
strip, in the Basque country and along the southern flank of the Pyrenees, in Aragón and
northern Catalonya, all archeological contexts securely dated to that period are Aurignacian.
Conversely, south of the Ebro basin, along the Mediterranean coast of Spain, and in
Andalucía, Portugal and the Meseta, all archeological contexts securely dated to that period
are Mousterian, and dates for the Aurignacian are no earlier than ca.30 000 BP. Such late
dates for the Aurignacian of these regions are consistent with the fact that, typologically, the
bone and lithic assemblages found therein do not contain split-base bone points and lithic
types characteristic of the Aurignacian I, whereas such items are commonly found in the
chronometrically earlier assemblages (such as those excavated in the sites of La Viña, Isturitz
or l’Arbreda) from regions to the north. The Ebro frontier model suggests that this distribution reflects a real and lasting spatial segregation between the two technocomplexes and,
given their known associations with different hominid forms, between early modern
humans to the north and Neandertals to the south.
The model also hypothesizes that this episode of stasis in the westward spread of early
modern humans must have been somehow related to the fact that the Ebro basin represents
a major biogeographical divide between the Iberian and Eurosiberian domains. During later
OIS 3 times, peninsular environments to the south of the Ebro basin would have been predominantly temperate, contrasting with the more open, steppe-like landscapes to which
early modern humans dispersing across the central European plain would have become culturally adapted. Iberian Neandertals would have survived largely in isolation from early modern humans established to the north because, as the climatic conditions of later OIS 3 gradually set in, they had been able to develop successful adaptations to the kinds of environments created by such conditions, whereas those environments were unattractive to the
steppe-adapted early modern humans. Hence, competition between the two populations for
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the territories of Iberia did not develop until climatic deterioration began to favor the southward expansion of the kinds of environments preferred by southwestern European early
modern humans, who expanded with them. In global records, the first signs of this deterioration coincide with the first appearance of the Aurignacian in eastern and southern Spain
and in Portugal and, under the model’s assumptions, with early modern humans taking
over those regions previously occupied by Neandertal groups.
In spite of some claims to the contrary, results of research carried out since the original
formulation of the model in the early 1990s (Zilhão, 1993; for a concurring view of the
process see also Arsuaga, 2000, p. 354-355) have been consistent with its basic tenets or, at
least, have not refuted them. The very late survival of the Mousterian in Portugal documented at such sites as Foz do Enxarrique, Gruta do Caldeirão and Gruta da Figueira Brava has
been confirmed by the dates of 31 900 ± 200 BP (GrA-10200) and 32 740 ± 420 BP (OxA8671) obtained on burnt bone samples from Level 8 of the long and rich Middle Paleolithic
sequence currently under excavation in the Gruta da Oliveira, Almonda karstic system
(Zilhão, 2000b). Even if doubts have arisen concerning the real age of the Zafarraya mandible
(Barroso Ruiz, 2001), the late dates for the Zafarraya Neandertals based on stratigraphically
secure samples (Hublin et al., 1995) have not been entirely refuted. Moreover, the association
of Neandertals with the latest Iberian Mousterian has been established at Cabezo Gordo,
Murcia (Walker 2001a, 2001b), where levels containing diagnostic Neandertal remains and
overlain by ca.2 m of deposits also containing Mousterian lithics have been dated to 34 450 ±
600 BP (OxA-10666). Furthermore, Garralda and Vandermeersch (2002) have pointed out
the non-diagnostic nature of all human remains associated with the earliest Aurignacian of
southwestern Europe, which means that it cannot be decided at present whether early modern humans were indeed responsible for the manufacture of such assemblages, although this
is still quite possible (Zilhão and Trinkaus, 2001).
Claims of a long-term contemporaneity between Mousterian or Châtelperronian
Neandertals and Aurignacian early modern humans have also been made for northern
Catalonya, and they are taken to imply that the Ebro frontier never existed, the Middle-toUpper Paleolithic transition and the replacement of Neandertals by early modern humans
having been a mosaic process across the whole of Iberia (e.g. García et al., 2001). This is
based on chronometric results obtained at two sites, Fuentes San Cristóbal (Huesca) and
Ermitons Level IV (Girona). In the first site, a Mousterian point is the only artifact recovered
in an archeological level dated to ca.36 000 BP, a result that in no way is inconsistent with
the hypothesis that there is no Mousterian in the region after the arrival of the Aurignacian,
which, as exhaustively argued elsewhere (Zilhão and d’Errico, 1999), takes place no earlier
than ca.36 500 BP (in spite of claims to the contrary based on earlier interpretations of the
Aurignacian of l’Arbreda and Reclau Viver). At Ermitons, Level IV yielded two dates, 36 430
± 1800 BP (CSIC-197) and 33 190 ± 660 BP (OxA-3725). Maroto et al. (1996) have argued
that the second date, from an unidentified bone sample collected in the stratigraphic profile
and obtained through AMS, is more reliable than the first, conventional result and would
prove a survival of the Mousterian in the region until well after the arrival of the
Aurignacian. That level, however, is a cave bear den, and the most parsimonious interpretation of the evidence is that cave bear lived at the site ca.33 000 BP, long after it was abandoned by the human group who discarded the few Mousterian lithics (69 pieces in all,
including unflaked pebbles and chunks — Ortega and Maroto, 2001) recovered in the level.
Where the age of the Aurignacian south of the Ebro basin is concerned, the 29 940 ±
150 BP date for Level IV of Sector I of Cova Foradada (Alicante) (Casabó, 2001) is identical
to that of 29 690 ± 560 BP (KN-1/926) for Level XII of the nearby site of Cueva de Mallaetes
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(Valencia) (Fortea and Jordá, 1976). A significantly earlier result of 33 900 ± 1100 BP (AA1388) has been published for Level 4 of Cova Beneito (Alicante), but the level lacks stratigraphic integrity and the association between the dated sample and the Upper Paleolithic
items found therein is far from demonstrated (Villaverde et al., 1998). Two AMS results of
ca.33 000 BP have been reported for charcoal samples collected in Aurignacian Level 11 of
Cueva Bajondillo (Málaga), but these results are in contradiction with TL dates of ca.28 000
BP for underlying Levels 13 and 14, the former Aurignacian and the latter Mousterian
(Baldomero et al., 2001). At Gorham’s Cave (Gibraltar), the earliest Upper Paleolithic in
Context 9 yielded four AMS charcoal dates comprised between 29 250 ± 650 BP (OxA-7077)
and 30 250 ± 700 BP (OxA-7076), and the date of 32 280 ± 420 BP (OxA-7587) for the charcoal lens defined as Context 24 provides a terminus ante quem for the site’s Middle Paleolithic
sequence (Pettitt and Bailey, 2000). Thus, although it cannot be excluded that Bajondillo
will eventually provide sounder evidence for an arrival of the Aurignacian in southern Spain
significantly earlier than is postulated by the Ebro frontier model, the fact is that, so far, the
earliest Upper Paleolithic is still dated to no earlier than ca.30 000 BP everywhere else along
the coasts of Valencia, Murcia and Andalucía. And, in the Meseta, the Aurignacian is still
unknown, whereas Mousterian assemblages have been shown to survive until 32 600 ±
1860 BP (Beta-56639) and 29 500 ± 2700 BP (Beta-56638) in upper Level 2 of the Jarama
VI cave (Guadalajara) (Jordá, 2001).
Therefore, regardless of which were the causes, biogeographical or other, behind its
establishment and ultimate disappearance, the Ebro frontier still stands as a descriptive
model of the Middle-to-Upper Paleolithic transition in Iberia and the ultimate replacement
of peninsular Neandertals by early modern humans dispersing into it from regions further
to the north (Fig. 34-2). Therefore, assuming that the “when” question is pretty much set-

FIG. 34-2

– The Ebro frontier model.
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tled, and leaving aside for the moment the “why” question, the interpretation of the Lagar
Velho child as evidence for admixture inevitably raises the “how” question and creates the
need to use the available data to discuss the nature of the different mechanisms conceivably
involved. As an introduction to such modeling work, which requires extensive simulation yet
to be carried out, and in order to allow for a better definition of the issues and assumptions
at stake, we provide openly simplified graphical illustrations of the different variations of
what the process might have been in Figs. 34-3 to 34-5.
Modeling assumptions are that bands are evenly distributed across the Iberian landscape, that each band is made up of 25 individuals, that the population density is 0.01/km2,
and that the area of Iberia available for occupation at the time was of ca.500 000 km2.
Hence, the peninsula would have been inhabited by 200 bands for a total of 5000 people,
and each band exploited territories of ca.2500 km2. Initially, ca.36 000 BP, 35 such bands
(875 people) would be composed of “pure” modern humans inhabiting regions to the north
of the Ebro, and the remainder 165 (4125 people) would be composed of “pure” Neandertals
inhabiting regions to the south of that divide (Fig. 34-3a).
Fig. 34-3b illustrates what the situation might have been ca.30 000 BP, some time after
early modern humans had begun to disperse into previously Neandertal territory, and it
assumes that no significant gene flow occurred across the Ebro for the ca.6000 years of stable geographical segregation between the two populations. The assumptions under the pattern in Fig. 34-3b are that there still is no interbreeding and that, as a result, a frontier is
maintained, and such a frontier moves westward and southward in a gradual, linear way, as
in Ammerman and Cavalli-Sforza (1973)’s “wave of advance” model of the spread of farming across Europe. The 175 bands of early modern humans in Fig. 34-3b are therefore made
up of 4375 biologically “pure” people, as are the 25 remaining bands of Neandertals. Given
the fixed nature of the westernmost territorial boundary (the Atlantic seaboard), in a mutual avoidance scenario (i. e., one in which Neandertals retreat as early modern humans
advance) and in order to accommodate all 4125 Neandertals that lived in the peninsula
before early modern humans started to spill across the Ebro, each of those 25 band territories would now have to accommodate 165 persons, or 165 band territories would now divide
between them an area previously occupied by only 25 such territories. In either case, population density among Neandertals would have increased to 0.066 persons per km2. Further
reduction to only half the area but maintaining population size would bring those numbers
up to 0.132, 13 times higher than in the original modeling assumptions. In the end, when
only one territory of 2500 km2 is left, those 4125 Neandertals would be packed at an impossible density of 1.65/km2. Clearly, mutual avoidance with Neandertals retreating elsewhere
as early modern humans advance is simply not a realistic scenario. However, if Neandertals
go extinct locally as the wave of advance moves on, then Fig. 34-3b can be read as displaying
a situation where the Neandertal population is down to only 625 individuals. If there is no
interbreeding with early modern humans, given the spatial distribution of the bands on the
ground, finding mates at the peripheries becomes more and more difficult and extinction is
now imminent. Within very few generations, an early modern human on the ground in the
Lisbon area might be able to tell and retell his folk gathered at night around the fireplace the
fascinating story of “Ishi (Kroeber, 1961), the last Neandertal” (Fig. 34-3c).
In Fig. 34-4a, the wave of advance spread of early modern humans is modified to
incorporate interbreeding. As a result, a hybrid zone (Jolly, 2001) between “pure”
Neandertals and “pure early modern humans” is formed. If gene flow from the east is constant, the hybrid zone will display a cline in the weight of Neandertal features, with groups
closer to the Pyrenees being “hybrid moderns”, i.e., closer to “pure” early modern humans,
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FIG. 34-3 – Disappearance of the Ebro frontier through a gradual, linear, wave of advance expansion of modern humans, with no
interbreeding. a) step 1: the initial situation, some time between ca.36 000 and ca.30 000 BP; b) step 2: ca.30 000 BP moderns
occupy most of the Iberia and Neandertals are restricted to the southwestern periphery of the Peninsula; c) step 3: “Ishi, the last
Neandertal” dies with no offspring somewhere near Lisbon.
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– Disappearance of the Ebro frontier through a gradual, linear, wave of advance expansion of modern humans, with
interbreeding. a) step 1: a hybrid zone is established displaying a northeast-southwest gradient of increasing of weight of
Neandertal features; b) step 2: with continuing gene flow from the east, the “pure” Neandertal phenotype disappears; c) step 3:
modern humans with genetically-inherited Neandertal traits occupy the southwestern periphery of Iberia, a “pure” modern
phenotype prevails everywhere else.
FIG. 34-4
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and groups closer to the western and southern Atlantic coasts being “hybrid Neandertals”,
i. e., closer to “pure” Neandertals. Several generations later (Fig. 34-4b), continued gene
flow from the east would have eliminated the “pure” Neandertal phenotype, and individual
Neandertal features all but disappear among groups occupying the northeastern half of the
peninsula, although they are still present, albeit in lower frequencies, among the descendants of people living in parts of the hybrid zone of the previous stage. Given some more
time (Fig. 34-4c), such features will only survive among people inhabiting southern
Portugal and western Andalucía. Taxonomically, if their remains were ever found, those
people would have to be classified as “modern humans with genetically-inherited
Neandertal traits” — i. e., the Lagar Velho child. At that time, everybody else in Iberia is
now “pure” modern.
A different scenario is modeled in Fig. 34-5. Bands of early modern humans are assumed
to penetrate rapidly and deeply into areas beyond the Ebro divide situated along the coastal
plains and the major rivers valleys that drain the Meseta. In doing so, they may have been
occupying territory uninhabited by Neandertals or from where Neandertals retreated as early
modern humans expanded. Among low density populations of hunter-gatherers, conditions
to find mates are generally that one is guaranteed to be available in a universe of ca.400 people defined in such a way that residential moves of more than 200 km are not required
(Smith, 1992), i. e., a universe such as that defined by the hexagons linking bands A and B in
Fig. 34-6 with their 16 closest neighbors. If interbreeding does not take place, the model’s
assumption of a population density of 0.01/km2 implies that an individual in a band at the
head of the early modern humans’ expansion front would need a mating network extending
over some 500 km. The same would be true of individual Neandertals in groups surviving in
the westernmost outposts of their world. Under these circumstances, therefore, interbreeding
makes ecological sense and is likely to have been subjectively considered desirable and adaptive from the perspective of both sides. Thus, if a scenario of mosaic deformation of the frontier is assumed, mating networks must incorporate both Neandertal and early modern
human bands, a hybrid zone exists as in Fig. 34-4 and, consequently, the different settlement
nodes of that zone coded in Fig. 34-5 as “modern” and “Neandertal” should in fact be read as
“predominantly modern” and “predominantly Neandertal”. Ultimately, with continued gene
flow from the east, the general biological outcome of the process is as in Fig. 34-4c, even if its
concrete historical features were significantly different in cultural detail.
These examples suffice to show that, against the current empirical and theoretical background, the only viable way to explain the replacement of Neandertals by early modern
humans without assuming extensive interbreeding is the “Ishi, the last Neandertal” model
outlined in Fig. 34-3. One must bear in mind, however, that the historical analog of that
model was entirely exceptional, occurred in a situation of overwhelming technological disparity and demographic disadvantage (bow and arrow Native American hunters of California
against industrial age European settlers), none of which can be realistically assumed for Late
Pleistocene Iberia. Moreover, the extreme concealment strategy followed by Ishi’s people
(the Yahi, a subgroup of the Yana tribe) in the latter part of the nineteenth century was the
rather idiosyncratic and desperate reaction of an uncommonly spirited and resilient group
to their recognized failure in opposing the progressive penetration and encroachment of
their territories by the California goldrush prospectors and their descendants. Rather than
the rule, such a mode of resistance to, or denial of change, was in fact exceptional among
Native Americans.
This strategy was adopted in 1870, at a time when Ishi was a little boy, after three
women from the group were captured into the “white world.” This episode was the last in a
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string of losses of lives and reproductive potential, mainly through a number of massacres
carried out by white vigilante groups, that brought the number of Yahi down from the 300400 inferred to have been alive in 1865 to the only 15-16 who went into concealment. When
he surrendered in August, 29, 1911, Ishi was the last survivor of the group, and he had been
living in complete human loneliness in a territory of no more than 5 km2 since the death of
his old mother, in November of 1908. He left no direct descendants, but his people’s genes
were nonetheless transmitted to the following generations by one of the women abducted in
1870, to whom a child was born in the winter of 1870-1871. The subsequent history of this
child is unknown, but he is likely to have blended into the California frontier. Instances of
survival and blending of individuals of the Yahi’s close neighbors and members of the same
language group, the Yana, are in any case well documented. The bottom line is that interbreeding occurs even in such extreme cases.
Therefore, the phylogenetic interpretation of the Lagar Velho child presented in
Chapter 32 not only is that which best fits available paleontological and paleogenetical data.
It also matches logical expectations given the concrete geographical and historical features
of the process, i. e., when the hypothesis is evaluated against the human landscape of Iberia
between ca.36 000 and ca.30 000 years ago and realistic models of hunter-gatherer behavior are used.

FIG. 34-5 – Disappearance of the Ebro frontier through mosaic expansion of early modern human groups penetrating deep into
Neandertal territory, southward along the Atlantic and the Mediterranean coasts, westward along the Tagus Valley.
Interbreeding is required for the normal operation of mating networks.
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Conclusion
Binford (1983) has argued that, among mammals, including humans, fertilty is higher
among tropical populations than among subarctic ones. This is consistent with, and may be
largely the product of, longer birth intervals produced by later weaning among high latitude
human populations. Assuming that this applies to the European Neandertals, compared to
their African contemporaries, it may help to explain some of the dynamics of the Neandertal
to early modern human transition across Europe.
During the cold phases of the Late Pleistocene, principally much of OIS 4 to 2, most of
Eurasia was uninhabitable. The northernmost areas were covered by ice sheets and barren
tundras, and population densities in the settled areas must have been much lower than in
equatorial areas such as much of Africa. Consequently, it is quite likely that, between
100 000 and 45 000 years ago, a large majority of the planet’s human beings lived in Africa,
where modern morphology evolved.
Given these two circumstances, it may be possible to explain why that early modern
human morphology prevailed across the whole of the Old World after ca.30 000 BP. When
adaptive success brought about population increase approaching the continent’s carrying
capacity, African groups started to disperse into the neighboring regions, a process that may
have been enhanced by the OIS 3 climate warming. Given enough time, even a very small
difference in fertility would put the smaller, scattered and demographically unstable populations of Neandertals at a demographic disadvantage, especially if interbreeding was common (Zubrow, 1989). In fact, if the relation between Africa and Europe between ca.45 000
and ca.35 000 BP is modelled after that outlined above for the relation between Europe and
Iberia between ca.36 000 and ca.30 000 BP, then continuous gene flow from Africa must
ultimately predict the extinction of the Neandertal phenotype, as is documented in the archeological and paleontological records.
What such models cannot predict, however, is exactly how such an extinction ocurred
in the many different time-space landscape units involved. That is exactly where the Lagar
Velho child becomes of relevance; it provides a precious window of visibility into the nature
of the replacement-through-admixture process in one such unit. Moreover, it shows eloquently that we can learn as much about the expansion of early modern humans by studying the process in the different ends-of-the-world where morphologically archaic humans
survived longest as by studying it in their core area of origin, Africa.
The child’s anatomy suggests that, biologically, the early Upper Paleolithic people of
Portugal descended from a process of extensive admixture occurring at the time of contact
between early modern humans dispersing into Iberia and the last Neandertals. Culturally,
the most salient cultural achievement of those early Upper Paleolithic people is the open-air
rock art of the Côa valley (Baptista, 1999). Thus, the fact that it contributed to the clarification of many issues of modern human emergence in Europe should not overshadow the
Lagar Velho find’s broader significance for Iberian archeology: that it brought to us a “portrait of the artist as a young child”.
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Resumo

Descoberta e escavação
O Abrigo do Lagar Velho fica situado no vale do Lapedo, uma garganta com cerca de
2 km de comprimento e cerca de 90 m de profundidade escavada pela ribeira da Caranguejeira nos calcários do Cretácico que, junto à cidade de Leiria, 135 km a norte de Lisboa,
formam a margem norte do Maciço Calcário Estremenho. O abrigo localiza-se na margem
esquerda da ribeira, junto à saída do canhão, numa zona em que este apresenta uma direcção E-W, e, portanto, encontra-se virado a Norte.
O sítio foi identificado como jazida pré-histórica em finais de Novembro de 1998. Uma
terraplanagem efectuada quatro anos antes havia eliminado a quase totalidade da parte superior do depósito, numa espessura variando entre 2 e 3 m. Em consequência, no momento da
descoberta, desta parte da sucessão estratigráfica apenas se conservava, preenchendo uma
fissura estreita e comprida na parede de fundo do abrigo, um pequeno testemunho pendurado 1.5-3 m acima do solo actual. A superfície deste último fica à cota de 83 m e domina de
cerca de 4 m o fundo rochoso da ribeira, de que se encontra separada por um escarpado
antropicamente modificado criado na sua forma original pelo processo de incisão do curso
de água.
A identificação de um enterramento infantil do Paleolítico Superior inicial no sector
Este do abrigo, a apenas alguns centímetros de profundidade, ditou a realização de uma
intervenção de emergência que viria a decorrer entre meados de Dezembro de 1998 e princípios de Janeiro de 1999. A continuação dos trabalhos, através de campanhas anuais de
vários meses de duração levadas a cabo entre 1999 e 2002, permitiu estabelecer um quadro
de referência geológico e arqueológico para a ocupação humana do abrigo ao mesmo tempo
que, em paralelo, se fazia o estudo antropológico dos restos humanos. Nos termos das convenções normalmente usadas em Paleontologia Humana, o esqueleto da “criança do
Lapedo” foi designado como Lagar Velho 1.

Estratigrafia, paleoambiente e ocupação humana
Para reconhecimento da estratigrafia dos depósitos preservados in situ abaixo da cota de
terraplanagem abriram-se três sondagens em profundidade. A sondagem Este, sob a sepultura, uniu-se com a sondagem central através de uma vala de ligação disposta paralelamente à parede do abrigo. Entre a sondagem central e a sondagem Oeste abriu-se uma zona de
escavação em área para decapagem dos solos de habitat detectados nos cortes. Vinte e quatro datações pelo radiocarbono obtidas em diversos laboratórios e sobre amostras de diversos tipos permitiram determinar a cronologia absoluta dos depósitos e dos episódios de actividade humana neles registados.
Até cerca de 23 000 BP, a sucessão observada apresenta importante variação lateral.
Para Este do afloramento do substrato rochoso identificado no quadrado J17, a respectiva
base corresponde a depósitos de vertente — o complexo bs (lowest slope deposit); para Oeste,
a depósitos aluviais que enchem uma depressão que se estende até ao quadrado F3, onde o
substrato aflora novamente — o complexo al (alluvial). Uma descontinuidade marcada separa estes depósitos de base do complexo transicional sobrejacente (tc, transitional complex),
identificado em todas as sondagens.
A datação de uma amostra de osso proveniente do quadrado K20 e recolhida na superfície de contacto erosiva entre os complexos bs e tc deu o resultado de 27 100 ± 900 BP (OxA10849), indicando que os processos que deram origem a essa superfície terão ocorrido antes
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de 27 000 BP. Neste horizonte de acumulação de restos de fauna não foram encontrados
quaisquer artefactos, mas um dos ossos recolhidos nos depósitos aluviais apresentava marcas de corte por instrumentos de pedra. É possível, por conseguinte, que a acumulação destes vestígios esteja relacionada com uma ocupação humana do lugar no final do Paleolítico
Médio ou no extremo início do Paleolítico Superior. A comprovação de tal hipótese deverá
aguardar a continuação da escavação dos quadrados L-M/20-22, onde a cota correspondente ainda não foi atingida.
A truncatura do enchimento do abrigo pelos trabalhos de terraplanagem e a escavação
da sepultura não permitiram a conservação de um registo longitudinal contínuo da sucessão
estratigráfica. Por isso, o modelo de correlação entre os sectores oriental e ocidental do abrigo na parte superior do complexo tc é em parte baseado na inferência, não na observação
directa. Na zona da sepultura (quadrados J-K/20), ao complexo tc segue-se o complexo gs
(gravel and sand), o qual, no entanto, pode não ser senão uma fácies lateral do primeiro, relacionada com escorrências superficiais de elevada intensidade. Os dados do radiocarbono não
permitem afastar nenhuma das hipóteses (sobreposição estratigráfica ou heteropia lateral),
já que, estatisticamente, não é possível distinguir entre os resultados obtidos para o complexo tc em J13 e os obtidos para o contexto sepulcral do complexo gs em L20: 24 950 ± 230
BP (OxA-10674) para o primeiro, e de 24 860 ± 200 BP(GrA-13310) a 23 920 ± 220 BP para
o segundo (OxA-8422).
No sector Este, a superfície deixada pela terraplanagem trunca o complexo gs mas, nos
sectores central e Oeste, trunca o complexo ms (middle slope deposit), separado de tc pelo complexo ls (lower slope deposit). Na interface entre os complexos ls e ms observa-se um paleossolo pouco desenvolvido. Com excepção do horizonte de acumulação de restos ósseos identificado na interface entre bs e tc, e do contexto sepulcral do topo de gs, os depósitos anteriores
a este paleossolo são arqueologicamente estéreis; os conjuntos faunísticos neles contidos
documentam actividade de carnívoros, acumulação de restos de microfauna pelas aves de
rapina, e morte natural de coelhos, de pequenos répteis e de anfíbios.
É na base do complexo ms que volta a haver registo da presença humana no abrigo, sob
a forma de uma densa mancha carbonosa com artefactos, restos de fauna e seixos queimados identificada na sondagem do sector Oeste. Uma amostra de osso carbonizado recolhida
no quadrado F3 permitiu datar este nível de ocupação de 23 042 ± 142 BP (Wk-9571). Cerca
de 50 cm acima, um segundo nível de ocupação dentro de ms foi datado de 22 493 ± 107 BP
(Wk-9256) a partir de uma amostra de carvão de Pinus sylvestris recolhida no quadrado H4
adjacente. Este segundo nível — a paleo-superfície EE15 — foi objecto de uma decapagem
em extensão, que revelou estruturas de combustão bem delimitadas em torno das quais se
distribuíam acumulações diferenciadas de restos evidenciando uma divisão espacial das actividades. Entre a lareira dos quadrados H-I/7-8 e a parede do fundo localiza-se uma área de
fabricação expedita de lascas de quartzito a partir de seixos recolhidos nas imediações, destinadas a consumo imediato e seguido de descarte no próprio sítio, produzindo conjuntos
líticos que remontam em elevadíssima percentagem. Para Oeste da lareira estende-se uma
área de acumulação de restos ósseos documentando o esquartejamento e consumo das carcaças de cerca de duas dezenas de animais, na sua maioria veados.
A excelente preservação da estrutura espacial da ou das ocupações humanas da paleo-superfície EE15 explica-se pela elevada velocidade dos processos de acumulação de sedimentos vigentes durante a formação do complexo ms. A parte superior deste último pode
observar-se na base do testemunho pendurado, onde foi datada de 22 390 ± 280 BP (OxA10303), resultado que é estatisticamente idêntico ao obtido para a amostra Wk-9256, colhida 120 cm mais abaixo. Da conjugação dos diferentes dados radiométricos obtidos infere-se
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uma taxa de sedimentação da ordem dos 3 mm/ano para o período compreendido entre
cerca de 22 500 e cerca de 22 000 BP.
O testemunho pendurado preserva igualmente a parte inferior do complexo us (upper
slope deposit), cuja acumulação coincide com o último máximo glaciário e cuja estruturação
interna forma um registo muito pormenorizado da extrema instabilidade climática então
vigente, traduzida numa alternância entre fases de sedimentação rápida e potente e fases de
erosão violenta deixando cicatrizes erosivas extensas e muito marcadas. Na zona do testemunho situada por cima das fiadas 3-5 da quadrícula, não afectada por estes processos,
observam-se, no interior de us, duas unidades estratigráficas bem diferenciadas, separadas
por uma descontinuidade erosiva. O nível TP06, do Gravettense Terminal ou Proto-Solutrense, data de entre 21 500 e 21 000 BP. O nível TP07, do Solutrense Médio, data de
entre 20 500 e 20 000 BP.
Estes níveis caracterizam-se ambos por densidades muito elevadas de artefactos — restos de talhe, utensílios em pedra e em osso, objectos de adorno — e de ecofactos — restos
de fauna, carvões, seixos queimados. Do espectro antracológico infere-se a exploração para
combustível da madeira fornecida por bosques abertos de pinheiro-silvestre com um estrato arbustivo formado por espécies dos géneros Erica e Cytisus. Esta paisagem regional pleniglaciar tem análogo actual na associação Polygalo-Pinetum sylvestris dos solos calcários do
andar compreendido entre os 1100 e os 1800 m de altitude da vertente meridional dos
Pirenéus. A composição dos conjuntos líticos e a abundância de restos de lareiras sugerem
ocupações de natureza residencial, em contraste com as ocupações curtas e altamente especializadas da base do complexo ms. A fauna é dominada pelo coelho e, entre os herbívoros,
pelo cavalo e pelo veado. Uma vértebra de cetáceo documenta o consumo de recursos provenientes da costa, a qual, à época, devido ao abaixamento do nível do mar para cotas inferiores a -100 m, se situava a mais de 50 km de distância.
A sucessão estratigráfica é encimada pelo complexo ts (top soil), identificado no sector
Este do abrigo, onde preenche fissuras a cota superior à do testemunho pendurado, cerca de
4 m acima do solo actual. O perfil pedológico observado indica um desenvolvimento prolongado, provavelmente ao longo de todo o Holocénico. A inexistência de conteúdo arqueológico nos depósitos conservados, e a separação física entre ts e us, não permitem, porém, averiguar até que ponto a acumulação de sedimentos no abrigo prosseguiu durante o
Magdalenense e épocas subsequentes ou acabou ainda durante o Solutrense ou pouco depois.

A sepultura infantil do Gravettense
Dos trabalhos de reconhecimento crono-estratigráfico do preenchimento do abrigo
resulta, assim, que o sítio terá sido utilizado de forma regular ou continuada no período
entre cerca de 23 000 e cerca de 20 000 BP, com especial intensidade a partir de 21 500 BP.
É igualmente possível que grupos humanos tenham acampado no local por volta de 27 000
BP. Entre 27 000 e 23 000 BP, porém, a única actividade humana registada é o enterramento infantil datado de cerca de 24 500 BP. À época, o sítio devia corresponder a uma
estreita faixa de terra isolada entre a parede do abrigo, a sul, a ribeira, a norte, uma queda de
água, a este, e uma nascente cársica, a oeste. Em virtude desta situação, o lugar, não sendo
próprio para habitat (talvez também por causa da elevada humidade do solo), não teria deixado de constituir um marco territorial e paisagístico muito significativo e, por isso, idóneo
para a realização de actividades rituais ou cerimoniais como as representadas pelo enterramento infantil.
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Colocado numa reentrância da parede de fundo do abrigo, protegido por um tecto
rochoso que o poupou à obliteração completa que de outro modo teria decorrido da terraplanagem de finais de 1994, este contexto sepulcral não deixou mesmo assim de ser por ela
parcialmente afectado. O crânio e o braço direito devem ter sido atingidos de raspão pela pá
mecânica, razão pela qual o úmero direito desapareceu. Os restos muito fragmentados do
crânio, porém, puderam ser encontrados e recuperados em percentagem muito considerável: estavam em grande parte acumulados numa zona de terras revolvidas situada cerca de
três metros para Este da sepultura, para onde terão sido arrastados pelos movimentos da
máquina. Foi assim possível refazer fisicamente uma boa parte da calote, completada virtualmente por processos de modelação informática que, por sua vez, através de estereolitografia, geraram réplicas a três dimensões do crânio reconstruído.
No terreno, esta recuperação dos fragmentos dispersos do crânio e da dentição foi realizada através da escavação e posterior triagem manual da totalidade dos sedimentos revolvidos que se encontravam espalhados por uma área de cerca de 56 m2 em redor da sepultura. Todos os restos humanos recolhidos por este processo pertenciam a um único indivíduo,
da mesma idade que o representado pelo esqueleto articulado escavado in situ, e correspondiam na sua totalidade a partes em falta neste último. Nada permite pôr em causa, portanto, as inferências de que pertenciam originalmente a esse esqueleto e de que nenhuma outra
sepultura existia nos depósitos destruídos pela terraplanagem.
O corpo encontrava-se em decúbito dorsal. A cabeça, ligeiramente inclinada para a
esquerda, estava para Este, e os pés, bem juntos, estavam para Oeste. Os braços estendiam-se ao longo do corpo, com a mão direita descansando na anca do mesmo lado. As pernas
encontravam-se ligeiramente flectidas e a bacia a cota ligeiramente mais baixa, documentando, tal como a posição ligeiramente mais elevada do crânio, a adaptação do corpo à morfologia em concha de uma fossa sepulcral pouco profunda. Sob as pernas, uma mancha de
carvões proveniente da combustão de uma só ramada de pinheiro-silvestre documentava um
fogo ritual acendido no fundo da fossa antes da deposição do corpo.
Os ossos e os sedimentos que preenchiam o espaço vazio entre eles tinham uma intensa cor avermelhada, formando uma mancha de limites abruptos, coincidente com o contorno do corpo antes da decomposição dos tecidos moles, e resultante do uso de ocre no ritual
funerário. Diversos factos — nomeadamente o de os ossos se apresentarem manchados
tanto por cima como por baixo, o de os perónios terem sido encontrados em posição anatómica correcta, e o de os pés terem rotado postmortem sem perda de conexão entre os ossos
(incluindo epífises), acabando por assentar em plano situado no enfiamento das pernas e alinhados longitudinalmente com estas — indicam que o corpo devia estar envolvido numa
mortalha semi-rígida, provavelmente uma pele de animal. A presença e distribuição do ocre
no contexto sepulcral explicar-se-ão, assim, pelo facto de essa mortalha ter sido tingida de
vermelho com recurso a uma tinta preparada à base deste pigmento mineral, o qual, após a
decomposição do suporte sobre que havia sido aplicado, se acumulou sobre os ossos do
esqueleto e nos sedimentos que o embalavam.
Na zona do pescoço havia uma concha furada de Littorina obtusata também ela tingida
de ocre vermelho. Outra, partida, foi recolhida no delgado pacote de sedimentos revolvidos
que cobria o contexto funerário in situ e poderá igualmente pertencer-lhe. Dadas as suas
dimensões, estas conchas apenas poderiam ser dos morfos fusca, olivacea ou aurantia, isto é,
teriam tido, originalmente, uma cor castanha escura, verde oliva ou laranja. A estes pendentes provavelmente pertencentes a um colar há que juntar quatro caninos de veado perfurados recolhidos na concentração de fragmentos cranianos em posição secundária situada
a Este da sepultura. Pertenciam a quatro animais diferentes, dois machos adultos jovens e
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duas fêmeas de idade avançada. Da sua análise tecnológica, bem como da estreita associação
espacial com os restos cranianos da criança, resulta que estes objectos deviam pertencer a
um adorno usado sobre a testa. As suas composição e disposição deviam ser muito semelhantes às do adorno do mesmo tipo encontrado in situ com o indivíduo adulto do sexo feminino Paglicci 3, datado da mesma época; isto é, estariam juntos e arranjados simetricamente, os dois mais pequenos (de fêmea) nas pontas e os dois maiores (de macho) ao centro.
Sobre as pernas da criança estava uma porção semi-articulada de coluna vertebral, e correspondentes costelas, de um juvenil de coelho. Este conjunto pertencia a um esqueleto
completo de que se encontraram muitos outros elementos, igualmente tingidos de vermelho, dispersos no interior do contexto sepulcral. Apesar de estes restos se encontrarem em
contacto directo com o esqueleto da criança, não havia qualquer alteração da posição anatómica deste último, pelo que a sua presença não pode resultar de morte natural em toca que
tivesse sido escavada no contexto sepulcral após o enterramento. A única explicação compatível com os factos observados é a de que se trate de uma oferenda funerária: a deposição
intencional, sobre o corpo amortalhado de um juvenil humano, do corpo de um juvenil de
coelho morto para a ocasião. É igualmente provável que as pélvis de veado colocadas junto
aos pés e ao ombro direito da criança correspondam a peças de carne depositadas na sepultura como parte do ritual funerário, embora os dados disponíveis não permitam excluir em
absoluto a hipótese de que se trate antes de componentes naturais do depósito.

Anatomia do esqueleto Lagar Velho 1
A dentição da criança indica que a sua morte terá ocorrido durante o quinto ano de vida.
A observação directa dos ossos e a análise das imagens de TAC e de raios X apenas permitiram identificar duas lesões traumáticas menores, uma na face e outra no braço esquerdo.
As linhas de Harris pouco marcadas observadas nos ossos longos dos membros e as hipoplasias incipientes do esmalte diagnosticadas no canino superior esquerdo indicam que a
criança terá passado por alguns episódios de stress que se traduziram em curtos momentos
de paragem do crescimento. Não há, porém, quaisquer indícios de patologias que pudessem
ter afectado o desenvolvimento normal do esqueleto e, de uma forma geral, os elementos
disponíveis sugerem que se tratava, em vida, de um indivíduo perfeitamente saudável.
A ausência de décimas segundas costelas é uma condição não patológica que ocorre clinicamente em populações recentes.
A morfologia geral do crânio é semelhante à dos primeiros homens anatomicamente
modernos do continente europeu, e o mesmo se passa com os ossículos do ouvido, que são
de tamanho modesto. O labirinto apresenta algumas parecenças com o dos Neandertais
mas, globalmente, a sua forma está mais próxima da do homem moderno. A mandíbula tem
um queixo proeminente, de morfologia muito parecida com a dos fósseis humanos do início do Paleolítico Superior. O tamanho e proporções da dentição são também tipicamente
modernas.
Algumas características do crânio, porém, são próprias dos Neandertais, ou encontram-se entre estes últimos com muito maior frequência. No occipital, as fossas semispinalis capitis estão bem marcadas e há fossa suprainíaca. O bordo externo da órbita é espesso, dentro da
norma neandertalense e no limite superior de robustez observado em indivíduos imaturos
das primeiras populações europeias de homens modernos; a arcada zigomática é de construção muito robusta. O ângulo do plano oclusal com a sínfise mandibular é de 78°, valor muito
baixo e especialmente significativo, em termos comparativos, devido à grande proeminência
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do queixo. Este traço arcaico é desconhecido tanto em amostras recentes como entre os primeiros homens modernos, para os quais o valor médio de referência é de 91.5°.
No esqueleto pós-craniano, o comprimento da clavícula e a largura da púbis são claramente modernos, do mesmo modo que o tronco estreito que se infere a partir de indicadores
diversos. As dimensões da pélvis indicam que se trataria de um indivíduo de pequena estatura, pelo menos por comparação com as populações de referência. A relação entre o tamanho
da tíbia e o do fémur, ou proporção crural, no entanto, é claramente “árctica”, de tipo
Neandertal. Esta característica não pode ser explicada por factores ligados à nutrição, à plasticidade do esqueleto durante a ontogénese, ou à adaptação de curto prazo às oscilações climáticas. Tal tipo de adaptação pode resultar em mudanças no tamanho e proporções gerais do
corpo mas não em mudanças nas proporções entre os diferentes segmentos dos membros.
Além disso, uma dezena de milhar de anos após a chegada à Europa dos seus antepassados,
os habitantes modernos do País de Gales, da Morávia e da Rússia ainda mantinham corpos
de proporções “tropicais”, apesar de viverem sob condições climáticas muito mais extremas
do que as que alguma vez se verificaram em Portugal durante a última glaciação.
Esta combinação única de características anatómicas geneticamente herdadas, umas
modernas, como o queixo proeminente, e outras neandertalenses, como o índice crural, só
pode ser explicada cabalmente em termos filogenéticos. Ela indica que os Neandertais que
subsistiam na Península Ibérica quando os primeiros grupos de homens modernos nela
começaram a penetrar contribuíram para o património genético das populações da época em
que viveu e morreu a criança do Lapedo, três a cinco mil anos mais tarde. Para que, tanto
tempo passado, os sinais do processo ainda pudessem ser visíveis na morfologia do esqueleto dessas populações, a miscigenação entre os dois tipos humanos deve ter sido extensa e
frequente, não limitada ou episódica.

Implicações científicas
Do ponto de visto taxonómico, os Neandertais, de distribuição geográfica exclusivamente eurasiática, são frequentemente descritos como uma espécie distinta, devido à co-ocorrência na anatomia dos seus esqueletos de uma constelação de traços que os diferencia
claramente dos homens de tipo moderno cuja morfologia resulta de um processo evolutivo
gradual que pode ser seguido nos fósseis africanos ao longo de todo o Plistocénico Médio.
Esta distinção é replicada ao nível genético pelas diferenças significativas que existem entre
o ADN da humanidade actual e o ADN fóssil extraído de restos neandertalenses. Destas
constatações resultou a dominância e popularização de modelos da evolução humana em
que às duas espécies paleontológicas identificadas no presente teriam correspondido, no
passado, duas espécies biológicas igualmente diferenciadas, e em que da existência de uma
tal diferenciação se inferiu por sua vez um isolamento reprodutivo completo entre os dois
tipos fósseis. Em consequência, a extinção dos Neandertais teria resultado da sua substituição total e completa, sem miscigenação, pelas populações modernas que, a partir de África,
começaram a espalhar-se pela Eurásia em meados do Plistocénico Superior.
O mosaico de características anatómicas modernas e arcaicas diagnosticado na criança
do Lapedo contradiz esta visão dos factos. Ele sugere, pelo contrário, que a extinção dos
Neandertais terá sido o resultado a longo prazo de um processo de interacção entre populações dos dois tipos, no quadro do qual o característico fenótipo neandertalense, de efectivos
populacionais mais baixos e com menor potencial demográfico, acabou por desaparecer. Do
ponto de vista biológico, portanto, a diferença entre Neandertais e modernos, quer tenha
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realmente sido de nível específico ou apenas subespecífico, não terá em caso algum sido de
molde a criar barreiras reprodutivas intransponíveis entre as populações dos dois tipos, que,
por outro lado, haviam atingido patamares de desenvolvimento cultural e tecnológico muito
semelhantes.
Do ponto de vista evolutivo, portanto, o destino dos Neandertais terá sido a assimilação/absorção, não a extinção. Modelos explicativos desta natureza tinham já sido formulados
com base no reconhecimento de que restos fragmentários de indivíduos anatomicamente
modernos da Europa central apresentavam alguns traços morfológicos, sobretudo ao nível
do crânio, considerados típicos ou exclusivos dos Neandertais. A criança do Lapedo, porém,
é o primeiro fóssil que permite documentar este tipo de mosaico anatómico ao nível de todo
o esqueleto. A outro nível, o seu achado, um dos raros enterramentos infantis desta época,
e o mais completo e mais bem documentado, permite comprovar a emergência de critérios
de diferenciação social perante a morte, determinados pela pertença a classes de idade delimitadas pelos principais momentos da ontogénese (nascimento, desmame, puberdade), critérios de cuja existência não existe prova arqueológica sólida antes do Gravettense.
A integração no contexto arqueológico peninsular e europeu permite modelar de forma
mais concreta o processo de interacção entre Neandertais e modernos inferido a partir do
mosaico anatómico diagnosticado em Lagar Velho 1. Entre cerca de 36 000 e cerca de
30 000 BP, a depressão do Ebro parece ter constituído uma fronteira biocultural estável
separando as populações de tipo moderno que haviam ocupado a grande maioria do continente europeu de populações Neandertais que persistiram durante vários milhares de anos
nas regiões ibéricas a sul. No presente, essa depressão corresponde também à fronteira que
separa os domínios faunísticos ibérico e euro-siberiano, e os dados disponíveis indicam que,
no intervalo de tempo em causa, terá desempenhado um papel biogeográfico semelhante: a
sul, a Península Ibérica estaria dominada pelo bosque temperado, enquanto, a norte, dominavam as paisagens abertas de tipo estepe-tundra. As populações de tipo moderno que penetraram na Europa ao longo do corredor danubiano desenvolveram adaptações culturais a
estes ecossistemas. Quando, com a deterioração das condições climáticas globais após
30 000 BP, tais ecossistemas se estenderam para sul, essas populações começaram a dispersar-se por toda a península, misturando-se com os Neandertais e gerando as populações
mestiças de que descendia a criança do Lapedo.
Em Portugal, as indústrias líticas do período intermédio pertencem aos tecnocomplexos Aurignacense e Gravettense e não apresentam quaisquer indícios da sobrevivência de
aspectos característicos e arqueologicamente visíveis do tecnocomplexo Moustierense, a que
estão associados os últimos Neandertais ibéricos. Esta constatação é compatível com a hipótese de uma interacção desequilibrada em favor dos grupos modernos, cujas biologia e cultura acabaram por prevalecer entre as populações miscigenadas que resultaram de tais interacções. A diferença nos mecanismos de transmissão (darwinianos no primeiro caso,
lamarckianos no segundo) explica por que razão, três a cinco mil anos mais tarde, os vestígios dessa interacção ainda são visíveis no plano biológico mas já não no plano cultural.
Neste último, as populações de caçadores-recolectores a que pertencia a criança do Lapedo
encontravam-se plenamente integradas no mundo da Europa gravettense coeva, como o provam os paralelos à escala continental existentes no ritual funerário e na tipologia dos adornos. As características destes últimos sugerem a existência de uma província cultural atlântica, ou do Sudoeste, unindo a Península Ibérica à Aquitânia e ao Mediterrâneo francês,
como também se verifica no domínio da arte parietal. Contemporânea da fase mais antiga
da arte do Côa, a sepultura do Abrigo do Lagar Velho permitiu assim a obtenção, pela primeira vez, de um “retrato do artista quando criança.”
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4. Brno: Akademie věd České republicky.
SVOBODA, J. (2000a) - The depositional context of the Early Upper Paleolithic human fossils from the Koněprusy (Zlatý
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VLČEK, E. (1975) - Morphology of the first metacarpal of Neanderthal individuals from the Crimea. Bulletins et Mémoires de la
Société d’Anthropologie de Paris. Paris. Série XIII. 2, p. 257-276.
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