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ABSTRACT

The Apidima cave complex was investigated by a team from the Museum of Anthropology, School of Medicine
of the National and Kapodistrian University of Athens, during the late 1970s-80s, and yielded Paleolithic remains
from the Middle and Late Pleistocene. Among the important findings were human remains excavated from Cave
C, including a mostly complete and associated skeleton (Apidima 3) and a few additional isolated elements. The
human remains were recovered from the same context as a Protoaurignacian lithic assemblage. Recently, three
shell beads, possibly from the same context, produced calibrated radiocarbon dates ranging from 24.5 to 31.8 ka
cal BP, suggesting the possible presence of an intrusive, potentially Gravettian burial context.

Despite the rarity of Upper Paleolithic human remains in the known Greek fossil record, the remains from Api-
dima Cave C have remained largely unknown, with only preliminary descriptions and assessments published
to date. Here, we revisit this legacy material and conduct a comprehensive bioanthropological reinvestigation of
the human remains from Cave C. Our study adds important new biological data to the literature, including mea-
surements of the entire Apidima 3 skeleton and a re-evaluation of the burial context based on bone-preservation
characteristics. Our findings support the initial assignment of this skeleton to the female sex. In contrast to the
earlier interpretation of a young age at death (20-25 years), we show that she died during advanced adulthood,
most likely between 40 and 60 years of age. This agrees with our observations of progressive stages of joint degen-
eration, including inflammatory osteoarthritic conditions in different skeletal elements, as well as severe occlusal
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wear and signs of periodontitis in her dentition. Comparisons of stature, body mass, and limb osteometry with
data from Upper Paleolithic individuals across Europe show that her body proportions best align with those of
pre-Last Glacial Maximum females, consistent with her potential chronological attribution. Our study presents
the most comprehensive and up-to-date inventory of human remains from Apidima Cave C, along with new bio-
anthropological data and detailed anatomical descriptions.

INTRODUCTION

Apidima is a complex of five caves (Cave A-Cave E) situ-

ated on a coastal limestone cliff face in the Mani penin-
sula (southern Greece). The site was investigated in the late
1970s-80s by a team from the Museum of Anthropology,
School of Medicine, National and Kapodistrian University
of Athens, led by Professor T. Pitsios. It is primarily known
for two Middle Pleistocene human crania, Apidima 1 and
2, found on the ceiling of Cave A (Harvati et al. 2009; 2011;
2019; 2026a [this issue]; Pitsios 1995). However, Pitsios also
conducted excavations in the other caves, which yielded
less well-known but significant findings. These include the
Late Pleistocene human remains excavated from Cave C.

Cave C is located 19m above sea level (asl) and is thus
situated about 15m higher than Cave A, with which it
has no visible connection. The first excavations in Cave C
were conducted as part of the fieldwork that began in 1978
(Mompbherratou and Pitsios 1995; Pitsios 1985, 1999). The
cultural assemblage excavated at the time was tentatively
assigned to the Aurignacian based on a preliminary study
of a subset of the assemblage (n=61; Darlas 1995). A recent
comprehensive reevaluation of the complete assemblage
of 915 specimens by our team confirmed its early Upper
Paleolithic character and concluded that it is best consid-
ered as Protoaurignacian (Lombardo et al. 2026b [this is-
sue]). The cultural remains from Cave C also comprised
perforated shells, at the time assigned to Nassa neritea and
considered to potentially represent Paleolithic shell beads
(Karali-Giannakopoulou 1995; Mompheratou and Pitsios
1995). The human remains from Cave C were discovered
and excavated from July 11 to 17, 1984 (Mompherratou and
Pitsios 1995). Most of them were associated with one indi-
vidual —Apidima 3 (originally named “LAO 1/S3”)—but
also scattered, isolated skeletal elements of additional indi-
viduals, whose chronological and anatomical associations
could not be ascertained (Pitsios 1995, 1999), were found.
Apidima 3 was reportedly found at a depth of 25-50cm be-
low the past cave floor (surface level unknown) of the 1984
excavation in proximity to the cave entrance (Mompher-
ratou and Pitsios 1995). The approximate position of Api-
dima 3’s burial in Apidima Cave C is shown in Figure 1 and
could be inferred from information about the excavation
units and depths of human bones provided in Mompher-
ratou and Pitsios (1995) and Pitsios and Liebhaber (1995).
The approximate position of Pitsios” datum, also shown in
Figure 1, was estimated from the positions of markings on
the cave wall left by the previous excavators and that could
be brought into association with descriptions of the excava-

tion grid in Pitsios and Liebhaber (1995).

The authors described Apidima 3 as a partially dis-
turbed ritual burial, including the arrangement of Apidima
3’s body and potential grave goods. According to the ex-
cavators, the skeleton was found oriented perpendicular
to the long axis of the cave with the cranium to the East
and facing the exterior of the cave (South) (Mompherratou
and Pitsios 1995; Pitsios 1999). The skeleton was reported to
have been lying on its left side, with the thorax facing down
and the legs in hyperflexion close to the chest (Mompher-
ratou and Pitsios 1995; Pitsios 1999). The upper limbs and
thorax region were said to be found more or less undis-
turbed, while other skeletal parts had been moved or were
destroyed by erosion of sediment or animal activity (Mom-
pherratou and Pitsios 1995; Pitsios 1999). The lack of pho-
tographs and detailed spatial information also poses prob-
lems for assessing the burial taphonomy. Interestingly,
only an artistic drawing of a reconstruction of the original
burial is provided in Mompherratou and Pitsios (1995) and
Pitsios (1999); however, as far as can be ascertained, this
drawing was not based on well-documented data and ta-
phonomic observations, and therefore should not be taken
at face value as an accurate representation of the find.

Although the presence of skeletal remains of multiple
individuals in Cave C is briefly mentioned in most original
publications, no information is available on their anatomy
or exact provenance, and no explanation is provided for
why they were not assigned to Apidima 3 (Pitsios 1995,
1999). This is because the spatial distribution of the skel-
etal remains and the site’s stratigraphy were poorly docu-
mented. To our knowledge, no excavation notes or records
exist, and only a few photographs or drawings of the ex-
cavated area have been published. One photograph was
published in Pitsios (1999: 5: Figure 4), which illustrates the
isolated left tibia 59.1 but provides no spatial information.
Furthermore, no comprehensive database of finds with in-
formation on their spatial distribution is available, other
than what is presented in the limited publications. As it is
no longer possible to investigate the depositional environ-
ment from which the human remains originated, there is
uncertainty about the anatomical association of some bones
in the Apidima Cave C assemblage. For the same reasons,
it is also not possible at present to confirm the presumed
association between the human remains and the cultural
assemblages excavated in the cave.

A date of ca. 30 ka, reported by Pitsios (1999) for Api-
dima Cave C, is, according to Pitsios ‘an approximation,’
mainly derived from the perceived association of the skel-
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Figure 1. Cross-section (North-South) of Apidima Cave C showing the approximate position of the burial of Apidima 3 and surround-
ing finds as reported by Mompherratou and Pitsios (1995) and Liebhaber and Pitsios (1995). Plot redrawn and adapted from Pitsios
and Liebhaber (1995: 175: Figure 3). The position of the Apidima 3 sternum, which was directly dated by Harvati et al. (2021) with
U-series dating is also indicated, based on its position as reported by Mompherratou and Pitsios (1995).

eton with the lithic assemblage they had assigned to the
Aurignacian, as well as from two absolute dates obtained
from cave deposits by Liritzis and Maniatis (1995) (see
Pitsios 1999: 7). However, as stated above, the association
of the lithics with the skeleton is uncertain. Furthermore,
the Liritzis and Maniatis dates were not based on materials
from Cave C, but instead are U-series dates (2545 ka and
20-30 ka) obtained from travertine samples from the open-
ings of Cave B and D, respectively (Liritzis and Maniatis
1995; see also Harvati et al. 2009; 2021). As such, they have
no bearing on the human remains from Cave C, as stated
also in the original report (Liritzis and Maniatis 1995). A
direct U-series date obtained from human samples (taken
from the sternum S3 8.25; see also Figure 1) from Cave C
(poor collagen preservation excluded radiocarbon dating)
produced a minimum age of the terminal Pleistocene for all
the samples. The two samples from the Apidima 3 skeleton
yielded minimum ages of 9.9+1.0 ka and 15.4+1.8 ka, which
as such do not exclude an earlier Upper Paleolithic cultural
affiliation (Harvati et al. 2021). Although the dating con-
firmed that the human remains are not from the Holocene,
it could not answer whether they are associated with the
cultural material from the layer in which they were found
or if they belong to a younger burial that was intrusive to
the sedimentary deposit containing the Protoaurignacian

assemblage (Harvati et al. 2021; see also Karakostis et al.
2026 [this issue]; Lombardo et al. 2026b [this issue]).

To better understand the constraints on the chrono-
logical position of Apidima 3, our team conducted U-series
and radiocarbon dating on samples from Apidima Caves C
(Harvati et al. 2026b [this issue]). U-series dating was ap-
plied to sample APU5 from a travertine crust preserved on
the cave wall and interpreted as likely capping the origi-
nal sedimentary sequence excavated by the Pitsios’ team
(Harvati et al. 2026b [this issue]). This sample produced a
range of 34.5+4.8 ka and thus indicates a minimum age of
29 ka for the sediments excavated by Pitsios (Harvati et al.
2026b [this issue]), consistent with our attribution of the
legacy lithic collection from Apidima Cave C as Protoauri-
gnacian (Lombardo et al. 2026b [this issue]). Additionally,
radiocarbon dating was conducted on three pierced shells
reported to have potentially been associated with the burial
of Apidima 3 (Mompherratou and Pitsios 1995), although
a clear spatial relationship is indicated only for sample
E288.2/VIE-1952 based on information from its museum
tag (see also highlighted position in Figure 1; Harvati et al.
2026b [this issue]). The radiocarbon dating of this sample
produced a range of 25.8-25.0 ka cal BP. Considering also
the dating results for the pierced shells E560/VIE-1953 and
E507.2/VIE-1954, which might have been associated with



Early View available online 9 July 2026
4 * PaleoAnthropology 2026:2

Apidima 3, we have a possible range of 24.5-31.8 ka cal
BP. As this temporal range postdates the known chrono-
logical record of Protoaurignacian and Aurignacian sites
in Greece (see Harvati et al. 2026b [this issue]) it appears
likely that the shell beads may not be related to the legacy
Protoaurignacian lithic assemblage. Therefore, if (some
of) the pierced shells were associated with Apidima 3, as
reported by Mompherratou and Pitsios (1995), the burial
may represent an intrusive, potentially Gravettian, rather
than Aurignacian, context. Additional direct dating of the
skeleton is necessary to resolve these questions (Harvati et
al. 2026b [this issue]).

The first publication describing the discovery of the
human remains of Apidima 3 as a Paleolithic ritual burial
followed soon after its excavation (Pitsios 1985). The first
anatomical study and inventory list, short morphological
descriptions, and some limited information about rela-
tive spatial relationships (unit, square, depth) of Apidima
3’s remains (Mompherratou and Pitsios 1995), as well as
an odontological study of the individual’s dental remains
(Ligoni and Papagrigorakis 1995), were published in a col-
lected edited volume in 1995 (Pitsios 1995). Mompherratou
and Pitsios (1995), however, did not provide quantitative
descriptions of bone morphology, and the presented infor-
mation on the biology of the human remains was incom-
plete. Consequently, Apidima 3 has rarely been recognized
by the scientific community and has not been the subject
of independent investigations until recently, even though
its potential Aurignacian chronology would make it one of
the few near-complete skeletons known from this period
across Europe.

Here, we conducted a comprehensive reinvestigation
of the Cave C human remains, starting with a detailed
qualitative and quantitative morphological description,
an updated inventory comprising previously unreported
specimens, and a new accession system for the remains. We
re-assessed the age and sex of Apidima 3, estimated stature
and body mass, investigated the level of asymmetry in limb
proportions, and placed these estimates in the comparative
context of other European Upper Paleolithic individuals.
We also carefully examined the bones for indications of pa-
thology and habitual activity/stress. We furthermore pro-
vide osteometric data as a source for future comparative
research. This article thus provides the first comprehensive
morphological description and updated biological profile
of Apidima 3, a rare representative of the hunter-gatherer
populations that inhabited what is now modern Greece in
the Late Pleistocene.

MATERIALS AND METHODS

INVENTORY AND ACCESSION SYSTEM

The human skeletal remains of Apidima 3 are housed in
the collection of the National Archaeological Museum of
Athens, Greece. All human remains associated with the
Upper Paleolithic context of Cave C were found packed in
various plastic bags and stored in cardboard boxes in the
museum collection. All available boxes containing skeletal

remains were carefully examined, leading to the identifica-
tion of a few additional previously unreported specimens.
All human skeletal elements recognized by the excavators
are listed serially and ordered by the date of their discovery
in the catalogue of human remains from Cave C provided
by Mompherratou and Pitsios (1995). The serial numbers
available in this catalogue do not correspond to the IDs writ-
ten on the bones themselves. Instead, the IDs found on the
bones are repetitive and associated with the spatial finding
position (unit, depth). Thus, each originally assigned acces-
sion ID summarizes all human skeletal remains found at
the same elevation within a one-square-meter sub-square.

To address the lack of organization in the inventory
and the unclear naming of the finds, we created a new se-
ries of sub-IDs, which were added to the existing original
accession IDs. Each skeletal element described here now
has a unique ID that can be used to clearly refer to the
specimen of interest. A few cases of very fragmentary and
unidentifiable bones also exist. Since no detailed individ-
ual information will be provided for these cases, we have
summarized them under a single shared sub-ID, including
a general description of the characteristics of the related
bone fragments. To identify and verify the human skeletal
remains from Apidima Cave C, we used the information
on the excavation labels, which contained the most essen-
tial details (Cave C, find ID, excavation year, and unit), and
compared them with the catalogue of Mompherratou and
Pitsios (1995). Our updated catalogue of human remains
now contains all bones attributed to Apidima 3, as well as
the human skeletal remains that are not associated with
this individual, and those that were not included in the
original inventory. The isolated skeletal elements and teeth
that were not attributed to Apidima 3 were each assigned a
X ID by Pitsios, numbering up to X 26, further complicating
the picture of individual accession numbers, as the original
descriptions also do not provide any explanation for their
decisions. Additional X IDs among the skeletal remains of
Apidima 3 were also investigated here, and if reasonable
similarities in the preservation, morphology, and osteome-
try were found in comparison to Apidima 3’s remains, they
were added to its inventory. Considering the lack of spatial
and stratigraphic descriptions, all other skeletal remains
were assigned to a second adult individual, Apidima 4, if
they could not be matched with Apidima 3. An overview of
the inventory of human remains from Apidima Cave C is
provided in Table 1. All elements in this inventory are as-
sociated with Apidima 3, except for those indicated by an
asterisk, which were assigned to Apidima 4. Furthermore,
the skeleton sketches in Figures 2 and 3 show the preserved
and missing bones of Apidima 3 and the bones attributed to
Apidima 4, respectively.

COMPARATIVE SAMPLES

Several published measurements of Upper Paleolithic in-
dividuals were included for osteometric comparisons of
Apidima 3’s limb proportions (humeri, radius, ulna, fem-
ora, tibia, fibulae) and for comparisons with other stature
and body mass estimates. We did not distinguish between
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Associated
ID Sub-ID Bone Category Element Side
bone ID

S3 (6) 6 - Carpalia Capitate L
S3 (8) 24 - Carpalia Hamate L
S3 (8) 2 - Claviculae Clavicula R
S3 (10) 3 - Costae Costae R
S3 (10) 1 - Costae Costae R
S3 (10) 2 - Costae Costae R?
S3 (11) 4 - Costae Costae -
S3 (12) 3 - Costae Costae -
S3 (13) 3 - Costae Costae -
S3 (14) 2 - Costae Costae -
S3 (15) 1 - Costae Costae L
S3 (15) 2 - Costae Costae L
S3 (15) 3 - Costae Costae L
S3 (16) 2 - Costae Costae -
S3 (17) 4 - Costae Costae -
S3 (21) 1 - Costae Costae R
S3 (5) 1 - Costae Costae
S3 (6) 7 - Costae Costae -
S3 (7) 1 - Costae Costae -
S3 (8) 11 - Costae Costae -
S3 (8) 20 - Costae Costae -
S3 (8) 18 - Costae Costae R
S3 (8) 17 - Costae Costae 1L
S3 (17) 8 - Costae Costae L
S3 (17) 7 - Costae Costae -
S3 (17) 6 - Costae Costae 1L
S3 (8) 19 - Costae Costae L

S15 1 - Cranium Maxilla L
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Associated
ID Sub-ID Bone Category Element Side
bone ID
S3 (10) 5 - Dentes Dens -
S3 (18) 4 - Dentes Dens L
S3 (18) 3 - Dentes Dens L
S3 (21) 4 - Dentes Dens premolaris L?
S3 (21) 3 - Dentes Dens molaris R?
S3 (7) 2 - Dentes Dens -
S3 (18) 2 - Dentes Dens R
S7 1 Dentes Dens -
0107a 1 Dentes Dens -
S5 1 Dentes Dens molaris -
S6 1 Dentes Dens premolaris =
54 1 Dentes Dens premolaris R
Slla 1 Dentes Dens premolaris L?
S3 (12) 16 - Femora Femur L
S3 (12) 15 - Femora Femur R
S3 (12) 18 S$39.2 Fibulae Fibula L
S3 (12) 12 53 8.27 Fibulae Fibula R
S3 (8) 27 S312.12 Fibulae Fibula R
S3(9) 2 S312.18 Fibulae Fibula L
S3 (13) 1 - Humeri Humerus L
S3 (8) 1 - Humeri Humerus R
S3 (16) 1 S318.1 Mandibula Mandibula -
S3 (18) 1 S316.1 Mandibula Mandibula -
S3 (25) 1 - Metacarpalia 1st Metacarpus L
S3 (20) 3 - Metacarpalia 2nd Metacarpus R
S3 (8) 13 - Metacarpalia 2nd Metacarpus L
S3 (6) 1 - Metacarpalia 3rd Metacarpus L
S3 (8) 14 - Metacarpalia 4th Metacarpus L
S3 (11) 6 - Metatarsalia 1st Metatarsus L
S3 (11) 2 S39.4 Metatarsalia 2nd Metatarsus R
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Associated
ID Sub-ID Bone Category Element Side
bone ID

S3 (6) 2 - Metatarsalia 2nd Metatarsus L
S3 (9) 4 S311.2 Metatarsalia 2nd Metatarsus R
S3(9) 3 - Metatarsalia 3rd Metatarsus L
S3 (20) 2 - Metatarsalia 4th Metatarsus L
S3(12) 17 - Patellae Patella L
S3(12) 9 - Patellae Patella R
S3 (12) 8 S38.21 Pelvis Coxae L
S3 (17) 5 Pelvis Coxae R
S3 (8) 21 S312.8 Pelvis Coxae L
S3 (14) 1 - Phalanges manus Phalanx distalis -

S16 1 - Phalanges manus Phalanx distalis R?
S10a 1 - Phalanges manus Phalanx distalis L?
S3(12) 7 - Phalanges manus Phalanx distalis R
S3(12) 6 - Phalanges manus Phalanx media L
S3 (12) 5 - Phalanges manus Phalanx media L

513 1 = Phalanges manus Phalanx media L

512 1 Phalanges manus Phalanx proximalis -
S3(19) 4 - Phalanges manus Phalanx proximalis -
S3 (6) 3 - Phalanges manus Phalanx proximalis L
S3 (11) 3 - Phalanges manus Phalanx proximalis -
S3 (1) 1 = Phalanges manus Phalanx proximalis R

512 1 - Phalanges manus Phalanx proximalis -

S10 1 - Phalanges manus Phalanx proximalis R
0302 1 = Phalanges manus Phalanx proximalis R
S3 (15) 4 - Phalanges pedis Phalanx media R
S3 (23) 1 = Phalanges pedis Phalanx proximalis R
S3 (12) 4 = Phalanges pedis Phalanx proximalis R
S3 (24) 1 - Phalanges pedis Phalanx proximalis R
S3 (8) 4 = Phalanges pedis Phalanx proximalis R
S3 (22) 1 = Phalanges pedis Phalanx distalis R
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Associated
ID Sub-ID Bone Category Element Side
bone ID

S3 (17) 2 - Radii Radius L
S3 (11) 5 = Scapulae Scapula =

S3 (13) 2 - Scapulae Scapula
S3 (8) 10 - Scapulae Scapula R
S3 (6) 8 - Sesamoidea Sesamoideum -
0551 1 Sesamoidea Sesamoideum -
S3 (8) 25 - Sternum Corpus sterni -
S3 (8) 22 - Sternum Manubrium -
S3 (12) 14 - Tarsalia Calcaneus L
S3 (17) 3 - Tarsalia Calcaneus R
S3 (10) 4 - Tarsalia Cuboideum R
S3 (18) 6 - Tarsalia Cuboideum L
*S3 (6) 5 - Tarsalia Cuneiforme laterale R
S3 (19) 3 - Tarsalia Cuneiforme laterale R
S3 (8) 12 - Tarsalia Cuneiforme intermedium L
S3(19) 1 - Tarsalia Cuneiforme mediale R
S3 (19) 2 - Tarsalia Cuneiforme mediale L
S3 (6) 4 - Tarsalia Naviculare L
S3(9) 1 - Tarsalia Naviculare R
S3 (23) 2 - Tarsalia Talus L
S3 (8) 5 - Tarsalia Talus R
*S26 1 Tarsalia Talus R
S3 (11) 1 S$312.13 Tibiae Tibia R
S3 (12) 13 S311.1 Tibiae Tibia R
*S9 1 - Tibiae Tibia L
S3 (17) 1 - Ulnae Ulna L
S3 (8) 15 - Vertebrae V. cervicalis -
S3 (8) 3 - Vertebrae V. cervicalis -
S3 (7) 3 - Vertebrae V. cervicalis -
S3 (18) 5 - Vertebrae V. cervicalis -
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Associated
ID Sub-ID Bone Category Element Side
bone ID
S3 (3) 1 - Vertebrae V. cervicalis -
S3 (8) 6 - Vertebrae V. thoracica -
S3 (8) 16 - Vertebrae V. thoracica -
S3 (8) 9 - Vertebrae V. thoracica -
S3 (8) 7 - Vertebrae V. thoracica -
S3 (8) 8 - Vertebrae V. thoracica -
S3 (12) 1 - Vertebrae V. lumbale -
S3 (12) 2 - Vertebrae V. lumbale
*Apidima 4
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Figure 2. Overview of preserved skeletal elements associated with Apidima 3. The skeleton sketch was modified based on the file
made available by the Staatssammlung fiir Anthropologie Miinchen (SNSB): https://sam.snsb.de/wp-content/uploads/sites/9/2023/09/
db0f3e83-1.pdf, 01.07.2025.
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Figure 3. Overview of preserved skeletal elements associated with Apidima 4. The skeleton sketch was modified based on the file
made available by the Staatssammlung fiir Anthropologie Miinchen (SNSB): https://sam.snsb.de/wp-content/uploads/sites/9/2023/09/

db0f3e83-1.pdf, 01.07.2025.

chronological groups within the Upper Paleolithic, nor
did we separate geographic groups. Since our own mea-
surements on Apidima 3 were based on the definitions by
Brauer (1988), we included only samples from studies with
the same measurements, measured directly on the bone
(estimates of measurements were not included).
For the descriptive group statistics, we included only fe-
male individuals, as we agree with the sex determination
published by Mompherratou and Pitsios (1995), which was
based on the morphology of Apidima 3’s pelvic remains
(see below, Results, Age and Sex Determination).
Supplementary Information (SI)-Table 1 provides a list
of all comparative samples included for the osteometric
comparisons of the Apidima 3 limb bones. SI-Table 2 and
SI-Table 3 provide an overview of comparative samples
used in stature and body mass estimates. When measure-
ments were reported bilaterally, we calculated the mean
of the right and left sides and included the resulting value
for comparison with Apidima 3 measurements. In all other
cases, we included the available measurement if only the
right or only the left side was sufficiently preserved.

METHODS

All linear measurements were collected with digital cali-
pers, and a simple measurement tape was used for circum-
ference measurements. All measurements followed the
definitions of Brauer (1988). We estimated biological pa-
rameters, such as age at death, biological sex, stature, and
body mass. Additionally, we searched for signs of patho-
logical conditions and examined the effects of taphonomy
on the preservation of the skeletal material.

To assess Apidima 3’s body proportions relative to oth-
er Upper Paleolithic individuals, we calculated mean and
standard deviations (SD) for females, who are chronologi-
cally placed in the Upper Paleolithic and for whom directly
comparable measurements were published.

Additionally, we produced violin and box plots, in-
cluding comparative data for Upper Paleolithic males and
females, to provide a general overview of Upper Paleolithic
variability for different measurements, independent of bio-
logical sex. This was conducted in the software R version
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4.4.2 by use of the packages ggplot2 (Wickham 2016), ggpu-
br (Kassambara 2023), and dplyr (Wickham et al. 2023) for
measurements for which at least four comparative speci-
mens (mixed sex) were available. Colors were used to visu-
ally distinguish between the respective group associations
for males and females.

Sex and Age Assessment

The assessment of Apidima 3’s biological sex was conduct-
ed mainly based on the identification and evaluation of sex-
ually dimorphic morphological traits. Due to limited pres-
ervation of skeletal remains and high fragmentation, we
could investigate only the morphology of preserved traits
in the left os coxae with respect to their sexually dimorphic
characters. We used definitions provided by Buikstra and
Ubelkar (1994), Novak et al. (2012), and Karsten (2017) to
determine whether a trait should be considered morpho-
logically female or male and to assign scores based on these
assessments. We furthermore considered the results of our
osteometric comparisons with other Upper Paleolithic sites
as indicators for Apidima 3’s biological sex. The final as-
sessment was conducted after considering all results.

Age determination was based on changes in the auricu-
lar morphology of the left os coxae. We carefully studied
the preserved surface and assigned it to the best-matching
age category based on the definitions and examples pro-
vided by Lovejoy et al. (1985). Additionally, we assigned
age scores using the method of Buckberry and Chamberlain
(2002). The scores were assigned twice, with a two-week
break in between, and the final composite average was
used to assign the score to one of Buckberry and Chamber-
lain’s (2002) age categories. Our evaluation of Apidima 3’s
age at death also included degenerative changes, although
these markers were only considered for discussion, along
with considerations of the potential multifactorial origin of
their appearance. These features included dental wear, oral
health, and degenerative changes in postcranial articular
morphology. The presence of such morphological changes
and their complexity and severity were factors we consid-
ered, along with the results of our assessment of changes
in pelvic auricular morphology, to determine a final age-
at-death.

Stature Estimation

Stature was calculated using multiple well-established an-
thropometric equations to provide a range of possible esti-
mates, based on those published by Pearson (1899), Trotter
and Gleser (1952), Sjevold (1990), and Formicola and Fran-
ceschi (1996). We decided to apply these equations to pro-
vide a more reliable range of body-size estimates, as they
were developed from diverse geographic and population
samples. We estimated Apidima 3’s stature based on the
lateral condyle-malleolar length (M1) and the maximum
length (M1a) of the right tibia, but we also estimated the
maximum length of Apidima 3's fragmented left femur and
calculated a range of stature estimates with the maximum
length (F1) and the bicondylar length (F2). We decided to

use Apidima 3’s tibia for comparisons of our stature esti-
mates due to its weight-bearing function, similar to the fe-
mur, which makes it the next preferable proxy for the stat-
ure estimation if the femur length is not preserved well.
Unfortunately, it was not possible to directly measure the
maximum femoral length since the Apidima 3 femur’s dis-
tal articular surface is covered by sediment concretions,
which also hold the right patella attached to the surface,
thus preventing direct measurement. We nevertheless es-
timated their maximum length and bicondylar length by
articulating the fragments as accurately as their condition
allowed, and measured the distances according to the defi-
nitions of Brauer (1988). As it was possible to directly mea-
sure the tibia and the estimation results from both did not
diverge significantly, we decided to use the more reliable
tibia measurement for the comparative examination.

The equations developed by Sjevold (1990) are based
on published mean values of regressions of bone length on
stature from globally mixed modern populations of males
and females. These equations incorporate measurements
derived from skeletal dimensions and from length-cor-
rected cadaver measurements, depending on the study’s
source. The samples used for the diverse-population equa-
tions from Sjevold (1990) are listed in Rosing (1988). Since
the diverse samples originated from different populations
with varying sample sizes, the mean values of each pop-
ulation were weighted by their sample sizes, with larger
weights assigned to larger samples (Sjevold 1990). The
weighted line of organic correlation equations by Sjevold
(1990) has the broadest applicability, and it is therefore
assumed to provide the most representative formulae for
fossil bone stature estimations compared to population-
specific equations (Carretero et al. 2012). The remaining
referenced equations used in our study are based on popu-
lation-specific samples for females. The samples used in the
Trotter and Gleser (1952) equations were also included by
Sjovold (1990). Formicola and Franceschi (1996) developed
their equations using European Neolithic samples.

Body Mass Estimation

Lower limb joints are considered the most precise skel-
etal features for estimating body mass due to their crucial
role in supporting body weight (Ruff and Wood 2023). We
chose the well-established equations for body mass esti-
mations based on the superoinferior femoral head breadth
(FHSI) by Ruff et al. (2012; 2018). These equations were
established based on geographically diverse populations,
including separate equations for males and females, as well
as combined equations. We consider the greater variability
encountered in globally mixed population samples to be
more robust for estimating body mass in Apidima 3 than
equations that rely on geographically more limited refer-
ence populations. Therefore, we used body mass equation
results from worldwide, combined-sex reference samples
to compare our body mass estimate for Apidima 3 with
those of other Upper Paleolithic specimens reported in the
literature.
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Additional Examinations
Part of our study of Apidima 3’s life history was also the
identification and examination of paleopathological con-
ditions, non-metric traits, and skeletal modifications. We
examined the health status of all preserved joints and mus-
culotendinous attachment sites in the postcranial remains
to assess the extent of degenerative changes and investi-
gate the aetiology of morphologically distinctive features.
We furthermore examined the oral health based on the few
preserved jaw fragments and several isolated teeth.
Finally, we carefully examined the preserved context
of the skeletal remains. Even though the presence of the
solidified sediment crust limited our examinations by cov-
ering important morphological features, it fortunately pre-
served the context of several skeletal elements, allowing us
to study burial taphonomy in a way that is usually not pos-
sible after the excavation of archaeological remains. Many
skeletal elements were found attached to one another, and
the solidified sediment crust served as the glue that pre-
served their context. Thanks to this condition, we were able
to study the spatial relationship between attached skeletal
elements and their degrees of displacement. This informa-
tion helped us draw conclusions about the original context
of Apidima 3 and the initial burial, as well as the tapho-
nomic processes that affected the human remains until
their discovery and excavation.

RESULTS

MORPHOLOGICAL DESCRIPTION OF
APIDIMA 3AND APIDIMA 4

Detailed descriptions of morphological characteristics and
the state of preservation of skeletal elements attributed to
Apidima 3 and Apidima 4 are provided in the supplemen-
tary information, including photographic material shown
in SI-Figures 1-18.

AGE-AND SEX DETERMINATION

Assessment of the Sexual Dimorphism in Apidima 3’s
Skeletal Remains

The sex determination of Apidima 3 was limited by the in-
complete preservation and the high degree of fragmenta-
tion of the skeletal remains. No sexually dimorphic cranial
traits are preserved. Only a few meaningful morphological
features are available on the partially preserved posterior
aspect of the left os coxae that could be considered for sex
determination. The most indicative preserved pelvic trait in
Apidima 3 is the greater sciatic notch. Its morphology can
be described as very wide and U-shaped, which matches,
e.g., scoring category 1 in Novak et al. (2012) and the scor-
ing category -2 “hyperfeminin” in Buikstra and Ubelaker
(1994), both of which are typically found in females. The
auricular surface of Apidima 3 is elevated, and the au-
ricular morphology of the left os coxae shows a very well
pronounced preauricular sulcus that deeply incises the

auricular surface and undercuts it in the posterior aspect.
The groove is present along the entire inferior aspect of the
auricular surface, and its width is greater than 0.5cm along
most of its length. The morphology of Apidima 3’s preau-
ricular sulcus corresponds well to the definition for score 1
in Karsten (2017) and score 1 in Novak et al. (2012), which,
in both studies, was found to be strongly associated with
their female samples. Figure 4 illustrates the sexually di-
morphic morphology of Apidima 3’s left os coxae (S3 8.21)
with a focus on the auricular morphology. We also com-
pared the osteometry of Apidima 3, as well as its stature
and body mass estimates, with published data from Upper
Paleolithic males and females (see “Osteometry of Apidi-
ma 3 in a Comparative Context with other European Up-
per Paleolithic Specimens”). The results of our metric com-
parisons place Apidima 3’s body proportions, stature, and
body mass within the wider range of variation for Upper
Paleolithic female individuals, with clear distinctions from
Upper Paleolithic males evident in most measurements in-
cluded in our comparisons.

Age-at-Death Determination of Apidima 3

The skeletal remains of Apidima 3 provide several indica-
tions that could be considered for the age assessment of this
individual. Apidima 3 had certainly reached adulthood, as
evidenced by skeletal remains that show the completion of
several developmental markers (Schaefer et al. 2009). This
includes the complete fusion of all preserved epiphyses
and apophyses. Unfortunately, late developmental ossifi-
cation centers, such as the spheno-occipital synchondro-
sis or the medial clavicular epiphysis, are not preserved.
However, full epiphyseal fusion is present in all preserved
parts of the iliac crest, and the limb remains. The right man-
dibular fragment (S3 16.1) contains three fully erupted mo-
lars (tooth positions: 46-48) aligned in the occlusal plane,
which is another supporting indication to classify Apidima
3’s minimum biological age as adult (Smith 1991; Timme et
al. 2024). Alveolar bone in this mandibular fragment seems
to be partially resorbed to the level of root exposure. Un-
fortunately, the alveolar process has also been fractured by
agents of taphonomy, and it is therefore macroscopically
not possible to evaluate the degree of age-related degen-
eration. The degree of dental wear is very high in all teeth
that were found in one context associated with Apidima
3, i.e., none of the teeth exhibit a preserved tooth crown
morphology, and all teeth of Apidima 3 show a degree of
abrasion that caused the exposure of dentine in most of the
occlusal view, including several teeth that are worn down
to the pulp. The mandibular molars show the strongest
occlusal wear on the buccal surface, while the preserved
maxillary second molar (tooth position: 27) shows the high-
est degree of occlusal wear among all molars of Apidima 3,
with the strongest abrasion located on the lingual surface,
where the dental abrasion reached the upper part of the
root and exposed the lingual pulp. See ”Paleopathology,
Non-Metric Traits, and Skeletal Modifications” for more



New Bioanthropological Insights on the Apidima Cave C Human Remains ° 13

S3 8.21: Os coxae (1)

Figure 4. The left os coxae (53 8.21) of Apidima 3. The bone is shown from its ventral aspect. In focus below, the inferior aspect of the

auricular morphology.

information about potential age-related implications and
considerations of other factors that could have had an im-
pact on dental wear.

For the age determination of Apidima 3, we also con-
sidered age-related degenerative changes of the postcranial
remains. The left os coxae shows signs of an age-progres-
sion beyond early adulthood, but only the auricular surface
was sufficiently preserved for an assessment of age-related
alterations. It should be noted beforehand that the elevated
auricular surface and the lipping of its inferior joint mar-
gin are related to the wide and long preauricular sulcus;
thus, these traits cannot be considered as being primarily
influenced by age. Lipping of the auricular margin, how-
ever, also extends to the posterior joint margin of the in-
ferior demiface, and anteriorly it extends to the apex. The
shape of the joint margin is rather irregular, but it does not
exhibit signs of severe degeneration. The inferior demiface
retains a slight transverse organization of the surface, but
it is only present inferiorly on the posterior area, and the
major portion of the inferior demiface is characterized by
coarse granularity. Transverse organization of the superior
demiface is completely absent, and, instead, the surface is
defined by dense compact bone and some coarse granulari-

ty. An evaluation of macro- and microporosity was difficult
due to the thin sediment crust attached to the bone surface;
however, it appears to be absent, as no porosity type was
identifiable where the sediment crust is less prevalent. The
auricular surface morphology of Apidima 3’s left os coxae
is thus characterized by increased densification of the au-
ricular surface with some coarse granularity and a lack of
transverse organization in most areas of the superior and
inferior demifaces, by the presence of light lipping and ir-
regularity of the apex and the posterior joint margin, and
by the absence of macro- and microporosities. With this
information, we concluded that the left os coxae of Apidi-
ma 3 best matches the descriptions of the age group 4049
provided by Lovejoy et al. (1985). We also assigned scores
to these traits using the age-determination method devel-
oped by Buckberry and Chamberlain (2002). We re-scored
the morphological traits after two weeks and calculated
the average composite score to assign an age category. The
repeated scoring of the auricular surface yielded an aver-
age composite score of 12, corresponding to stage IV, and
a mean age of 51.41+14.47 years (Buckberry and Cham-
berlain, 2002). Our scoring results for the Buckberry and
Chamberlain (2002) method are summarized in Table 2.
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TABLE 2. AGE DETERMINATION OF APIDIMA 3 BASED ON THE
AURICULAR SURFACE MORPHOLOGY OF THE LEFT OS COXAE AND
THE SCORING SYSTEM BY BUCKBERRY AND CHAMBERLAIN (2002).

Apidima 3 Apidima 3
Buckberry and Chamberlain (2002)
1st round 2nd round
Transverse organization 4 4
Surface texture (granularity) 4 4
Microporosity 1 1
Macroporosity 1 1
Apical changes 2 2
Composite score 12 12

Average composite score

QUANTITATIVE DESCRIPTION OF THE
POSTCRANIAL MORPHOLOGY

Postcranial Osteometry of Apidima 3

A detailed quantitative description of the postcranial re-
mains of Apidima 3 and the additional human skeletal ele-
ments is provided in the supplementary information (SI-
Tables 4-23). All measurements are based on the definitions
provided by Bréauer (1988) and are summarized by skeletal
element category.

Asymmetry in Apidima 3’s Postcranial Osteometry

Absolute differences (mm) and relative differences (%)
were calculated for bilaterally preserved skeletal elements
for which we could also obtain comparable measurements.
It was possible to compute these measures for the scapulae
(SI-Table 4), the humeri (SI-Table 5), the femora (SI-Table
10), the patellae (SI-Table 13), the calcanei (SI-Table 14), the
tali (SI-Table 15), the naviculares (SI-Table 16), the cuboi-
dea (SI-Table 17), and for the medial cuneiformia (SI-Table
18). Absolute differences were calculated by subtracting the
measured value for the left side from the right side, and
the obtained result implies the directionality of the asym-
metry as left-dominant (positive value) or right-dominant
(negative value). We consistently found small differences
among the sufficiently preserved and comparable skeletal
elements, with only a few exceptions, in which measure-
ments showed low to modest asymmetry. For the scapulae
(see SI-Table 4), only the glenoid height could be compared,
resulting in a difference of 0.01lmm (0.03% difference). The
humeri (see SI-Table 5) measurements range from -3.72mm
to 1.26mm (0-6.7% difference). Differences between the
femora (see SI-Table 10) range from -3.98mm to 2.78mm
(0.01-11.95% difference). The relative difference of 11.95%
was found in the posterior breadth of the medial condyle

12

(M21c) of the femora and is, in general, the largest degree
of asymmetry we found among Apidima 3’s skeletal ele-
ments. The patellae (see SI-Table 13) show a low range of
differences with only 0.1mm to 1.16mm (0.27-2.73%). Very
low differences were furthermore observed among the tar-
sal bones. Apidima 3’s calcanei (see SI-Table 14) resulted
in a range of -1.46mm to 0.94mm (0.09-5.34%), and the
differences found among the tali (see SI-Table 15) ranged
from -0.34mm to 1.53mm (0.02-3.97%). The largest level of
asymmetry among Apidima 3’s tarsal bones was found in
the minimum thickness (M7) of her navicular bones, with
a difference of -0.66mm (10.23%). The range of differenc-
es among the naviculares (see SI-Table 16) is -0.93mm to
0.72mm (0.04-10.23%). For the cuboidea and the medial
cuneiformia, again, very low asymmetry was observed.
The results for the cuboidea (see SI-Table 17) range from
-0.02mm to -0.79mm (0.09-5.59%). Finally, for the medial
cuneiformia (see SI-Table 18), the differences ranged from
-0.51mm to 0.16mm (0.16-2.46%).

Osteometry of Apidima 3 in a Comparative Context With
Other European Upper Paleolithic Specimens
The results of our osteometric comparison of Apidima 3’s
postcranial skeletal elements (humerus, radius, ulna, fe-
mur, tibia, fibula) with those of the Upper Paleolithic fe-
males group means are presented in Tables 3-8 (below).
In addition, SI-Figures 19-28 illustrate the positions of
measurements from Apidima 3 relative to published data
on Upper Paleolithic female and male individuals. The in-
crease in comparative samples resulting from the inclusion
of male individuals enabled further visual comparisons,
including violin and box plots, as well as measurements of
Apidima 3 that are not provided in the only female-based
osteometric comparisons shown in Tables 3-8 (below).
Table 3 presents the results of the comparison between
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TABLE 3. COMPARISON OF MEASUREMENTS OBTAINED FROM THE RIGHT AND LEFT
HUMERI OF APIDIMA 3 WITH MEAN AND STANDARD DEVIATION (SD) VALUES FROM
HUMERI OF UPPER PALEOLITHIC COMPARAIVE SAMPLES (female sex).*

UP female comparative samples

Apidima 3
Measurement definitions by Briuer (1988) (N=8)

mean SD n D

maximum length (M1) 298.86 23.88 7 300.61

total length (M2) 305.00 20.51 2 299.32
proximal epiphyseal breadth (M3) 46.13 2.38 6 46.5
epicondylar breadth (M4) 56.50 4.04 8 54.05
anteroposterior humeral head diameter (M9) 40.01 2.11 6 38.7

*All measurement values are given in (mm). SI-Table 1 lists the female specimens used to calculate the group values provided in

this table, as well as females and specimens of undetermined sex included as comparative samples in the violin and box plots of

humerus measurements (SI-Figure 19 and SI-Figure 20).

humerus measurements (right and left combined) of Apidi-
ma 3 and Upper Paleolithic female individuals. It was pos-
sible to compare the dimensions of the maximum length
(M1), total length (M2), proximal epiphyseal breadth (M3),
epicondylar breadth (M4), and the anteroposterior humeral
head diameter (M9). All comparable humerus dimensions
measured for Apidima 3 fall within the range of the stan-
dard deviations for the Upper Paleolithic female samples,
and the position of Apidima 3 was consistently close to the
group mean values. Additionally, violin and box plots also
include measurements for the dimensions of mediolateral
breadth of trochlea (M11), mediolateral breadth of capitu-
lum (M12), width of distal articular surface (M12a), trochle-
ar depth (M13), width of olecranon fossa (M14), and depth
of olecranon fossa (M15). We produced separate violin and
box plots (see SI-Figures 19-20) to show the distributions
of humerus measurements for the maximum length (M1),
the total length (M2), and other humerus dimensions. Only
one female sample, Cro-Magnon Beta, provided compara-
tive data for measurements of distal articular morphol-
ogy (M11-M14), whereas most comparative data for these
measurements originated from Upper Paleolithic skeletal
remains of male individuals. Apidima 3’s relative position
to Cro-Magnon Beta and the remaining male individuals
appears to have similar indications as our measurements
with bigger Upper Paleolithic female comparative data.
Apidima 3 falls consistently below the median and below
or within the lower range of variation of Upper Paleolithic
males. Apidima 3 is also smaller in all measurements com-
pared to Cro-Magnon Beta, and for the width of the distal
articular surface (M12a), Apidima 3 even appears as an out-
lier, although this observation is most likely related to the
lack of variation in the female comparative data.

The results of the comparison for the left radius of Api-
dima 3 are shown in Table 4. We could compare Apidima 3’s
maximum length (M1), minimal circumference of the distal
diaphyseal half (M3), maximum transverse shaft diameter
(M4), and the minimum sagittal shaft diameter (M5). All
radius measurements of Apidima 3 are within the range of
the standard deviations and, like in the comparison of the
humeri, close to the group mean values for Upper Paleo-
lithic female samples. It should also be noted that Apidima
3’s measurements are tendentially slightly above the group
mean and fall thus into the upper range of variation of Up-
per Paleolithic females, while the visual inspection of vio-
lin and box plots reveals a position that is better described
as the range of overlap between Upper Paleolithic males
and females. The radius maximum length (M1) is shown
in SI-Figure 21, in which Apidima 3 lies well placed within
the general variation of the female comparative group, but
close to the combined median of males and females.

The remaining dimensions that could be included in
the osteometric comparison shown in Table 3 are presented
together with the head-neck length (M1a), transverse neck
diameter (4(2)), sagittal neck diameter (5(2)), neck circum-
ference (5(4)), and the mid-shaft circumference (5(5)) in the
violin and box plots in SI-Figure 22. Measurements of Api-
dima 3 are consistently within the lower interquartile range
and mostly close to or within the lower range of variation of
the Upper Paleolithic male individuals. Only for the trans-
verse neck diameter (4(2)), Apidima 3 appears well sepa-
rated from the males. Overall, the radius measurements of
Apidima 3 tend to fall within the overlap range between
our male and female comparative groups.

For the left ulna of Apidima 3, it was possible to di-
rectly compare the minimal circumference of the distal di-



Early View available online 9 July 2026

16 * PaleoAnthropology 2026:2

TABLE 4. COMPARISON OF MEASUREMENTS OBTAINED FROM THE LEFT RADIUS
OF APIDIMA 3 WITH MEAN AND STANDARD DEVIATION (SD) VALUES FROM RADII
OF UPPER PALEOLITHIC COMPARATIVE SAMPLES (female sex).*

UP female comparative samples

Apidima 3
Measurement definitions by Briuer (1988) (N=9)
mean SD n O
maximum length (M1) 232.30 11.97 5 232
smallest circumference of distal diaphyseal half (M3) 35.86 3.94 9 39
maximum mediolateral shaft diameter (M4) 14.40 1.86 9 15.19
minimum anteroposterior shaft diameter (M5) 10.56 1.04 9 10.5

*All measurement values are given in (mm). SI-Table 1 lists the female specimens used to calculate the group values provided in this
table, as well as females and specimens of undetermined sex included as comparative samples in the violin and box plots of radius

measurements (SI-Figure 21 and SI-Figure 22).

aphyseal portion (M3), olecranon breadth (M6), olecranon
height (M8), dorsoventral shaft diameter (M11), transverse
shaft diameter (M12), superior transverse diameter (M13),
and superior dorsoventral diameter (M14).

All results of the osteometric comparison with Upper
Paleolithic female individuals are summarized in Table 5.
Measurements of Apidima 3’s left ulna are again close to
the comparative group measurements and do not exceed
the range of the standard deviation, except for the mea-
surements of the minimal circumference of the distal di-
aphyseal portion (M3) with 3.79mm above the comparative
group mean (0.79mm above the upper limit of standard de-
viation) and the transverse shaft diameter (M12) for which
Apidima 3 resulted in a position that lies 2.41mm below the
mean and 0.38mm below the lower range of the standard
deviation of the female comparative group. All other com-
parable measurements were found to be within the range
of variation of the female comparative samples. The vio-
lin and box plots for the ulnar dimensions are presented in
SI-Figure 23 and include, furthermore, the distribution of
published measurements for the depth of olecranon (M7)
and trochlear-notch height (M7(1)). Apidima 3’s position
in both measurements is also consistent with our observa-
tions from the osteometric comparison. Albeit there is an
absence of female comparative samples in M7 and M7(1),
Apidima 3 falls in both measurements below the variation
of the male comparative group, though for M7, Apidima 3’s
relative position has no clear distinction and should thus be
considered as being within the range of overlap between
Upper Paleolithic males and females.

For the femora, comparisons with the female Upper
Paleolithic group were made for the anteroposterior mid-
shaft diameter (M6), mediolateral mid-shaft diameter (M7),
circumference of mid-shaft (M8), mediolateral diameter of

proximal diaphysis (M9), anteroposterior diameter of prox-
imal diaphysis (M10), mediolateral head diameter (M18),
and for the transverse head diameter (M19). The results of
the femoral comparison are summarized in Table 6. Apidi-
ma 3’s anteroposterior mid-shaft diameter (M6) was found
to be 3.19mm above the mean and 0.28mm above the up-
per range of standard deviations of the female comparative
group. The relatively big mid-shaft dimensions of Apidima
3 are also reflected in the mid-shaft circumference (M8), in
which our measurement for Apidima 3 is 10.92mm bigger
than the mean and 3.6mm above the upper limit of the stan-
dard deviation of the female comparative group, but the
small sample size (n=3) might have affected Apidima 3’s
relative position. Even though the mediolateral mid-shaft
diameter (M7) of Apidima 3 lies within the variation of the
female comparative group, it is worth pointing out that our
measurement for Apidima 3 is 3.33mm smaller than the
comparative group mean. Considering that the mid-shaft
circumference (M8) and especially the mid-shaft antero-
posterior diameter (M6) have relatively big values, while
the mediolateral diameter (M7) appears rather small, it
might be indicative that the femora of Apidma 3 show ad-
aptations to stronger resistance of anteroposterior bending
forces. Except for this observation, measurements for the
femora of Apidima 3 are all within the range of variation of
the female comparative group. A relatively low value com-
pared to the Upper Paleolithic females was furthermore
found in the transverse head diameter (M19), in which Api-
dima 3 falls 3.41mm below the group mean and 0.72mm
below the lower range of the standard deviation, though
also in this measurement it seems very likely that the small
sample size (n=2) might have affected the relative position
of Apidima 3. A visual representation of the results from
our osteometric comparison is provided in the violin and
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UP female comparative

Apidima
Measurement definitions by Brauer (1988) samples (N=10)
mean SD n 20
smallest circumference of the distal diaphyseal portion (M3)  31.21 3.00 7 35
olecranon breadth (M6) 22.25 3.07 4 23
olecranon height (M8) 20.70 3.82 2 17
dorsoventral shaft diameter (M11) 13.88 1.86 6 14.57
mediolateral shaft diameter (M12) 14.65 2.23 6 12.04
superior transverse diameter (M13) 17.43 1.72 7 18.04
superior dorsoventral diameter (M14) 21.64 2.27 7 20.75

*All measurement values are given in (mm). SI-Table 1 lists the female specimens used to calculate the group values provided in
this table, as well as females and specimens of undetermined sex included as comparative samples in the violin and box plots of
ulna measurements (SI-Figure 23).

UP female comparative samples

Apidima 3
Measurement definitions by Briuer (1988) (N=12)

mean SD n D
anteroposterior mid-shaft diameter (M6) 27.19 291 10 30.38
mediolateral mid-shaft diameter (M7) 29.67 6.22 10 26.34
mid-shaft circumference (M8) 80.58 7.32 3 91.5
mediolateral diameter of proximal shaft (M9) 30.39 3.75 11 33.98
anteroposterior diameter of proximal shaft (M10) 24.87 3.48 11 23.49
superoinferior head diameter (M18) 42.59 2.98 3 42.87
anteroposterior head diameter (M19) 44.10 2.69 2 40.69

*All measurement values are given in (mm). SI-Table 1 lists the female specimens used to calculate the group values provided in this
table, as well as females and specimens of undetermined sex included as comparative samples in the violin and box plots of femur
measurements (SI-Figure 24).
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TABLE 7. COMPARISON OF MEASUREMENTS OBTAINED FROM THE RIGHT TIBIA
OF APIDIMA 3 WITH MEAN AND STANDARD DEVIATION (SD) VALUES FROM TIBIAE
OF UPPER PALEOLITHIC COMPARATIVE SAMPLES (female sex).*

UP female comparative samples

Apidima 3
Measurement definitions by Briuer (1988) (N=9)
mean SD n o
lateral condyle-malleolar length (M1) 366.61 19.46 7 347.95
bicondylar breadth (M3) 75.13 1.30 6 68.55
mediolateral diameter of distal epiphysis (M6) 46.63 1.75 4 47.73
anteroposterior mid-shaft diameter (M8) 31.87 5.58 6 31.3

mediolateral mid-shaft diameter (M9) 21.88 3.55 6 18.75

*All measurement values are given in (mm). SI-Table 1 lists the female specimens used to calculate the group values provided in

this table, as well as females and specimens of undetermined sex included as comparative samples in the violin and box plots of

tibia measurements (SI-Figure 25 and SI-Figure 26).

box plots shown in SI-Figure 24, which include the mea-
surement dimensions of vertical neck diameter (M15), an-
teroposterior neck diameter (M16), and neck circumference
(M17). SI-Figure 24 shows nicely how Apidima 3’s mid-
shaft circumference (M8) and mid-shaft anteroposterior
diameter (M6) fall close to the median of the mixed males
and females’ comparative groups, reflecting the increased
anteroposterior strength in the mid-shaft of Apidima 3. It is
also interesting that the proximal femoral diaphysis shows
increased strength in the opposite direction, i.e., the me-
diolateral diameter of the proximal diaphysis (M9) shows
greater values compared to the Upper Paleolithic females
and lies close to the median of males and females, while the
anteroposterior diameter of the proximal diaphysis (M10)
is below the group mean of Upper Paleolithic females
shown in Table 6 and clearly below the peak of density in
comparative measurements (males and females) as indi-
cated by the violin plot in SI-Figure 24. The neck measure-
ments M15-M17 could only be compared to measurements
of Upper Paleolithic males and Apidima 3 falls consistently
below the variation of the comparative group. Addition-
ally, the femoral head morphology described by M18 and
M19 is more closely associated with the variation in the
female comparative group and is clearly distinct from the
measurements provided for Upper Paleolithic males.

Our comparison of measurements of the right tibia of
Apidima 3 with the Upper Paleolithic female compara-
tive group is summarized in Table 7. Comparisons could
be made for the lateral condyle-malleolar length (M1), bi-
condylar breadth (M3), transverse diameter of the distal
epiphysis (M6), anteroposterior mid-shaft diameter (M8),
and transverse mid-shaft diameter (M9). The results of the
comparison of tibial measurements are again very similar

to our previous observations, which placed Apidima 3’s
limb properties well within the variation of Upper Paleo-
lithic females; however, the bicondylar breadth (M3) re-
sulted in a more contrasting position, with a difference of
6.58mm lower to the comparative group mean and with
5.28mm below the lower boundary of the standard devia-
tion. SI-Figure 25 shows the violin and box plots for the
lateral condyle-malleolar length (M1) and the maximum
length (M1a), while the violin and box plots for the remain-
ing measurements that are also presented in the osteomet-
ric comparison in Table 7 are shown in SI-Figure 26. The
lateral condyle-malleolar length (M1) is, even though still
within the variation of the female Upper Paleolithic group,
among the smallest values we have observed among all of
our comparative samples. Only the female individuals from
Cap Blanc and Grotte des Enfants 5 have similar values, as
do the male Grotte des Enfants 6 and the male Romito 6,
which is known for its small body size. In the tibial maxi-
mum length (Mla), Apidima 3 marks the lowest position
among all comparative samples, but the comparative data
for this dimension were very limited. The distribution of
comparative measurements from Upper Paleolithic males
and females, shown in SI-Figure 26, mostly indicates Api-
dima 3’s relative position in the range of overlap of both
comparative groups for the diaphyseal dimensions—me-
diolateral diameter of distal epiphysis (M6), anteroposte-
rior mid-shaft diameter (M8), and mediolateral mid-shaft
diameter (M9). Only the bicondylar breadth (M3) takes on
a rather unique position among all comparative samples, as
it has been observed in the direct osteometric comparison
with the female group. The bicondylar breadth of Apidima
3 is even smaller than that of the male Romito 6, whose
skeletal dimensions are often at the lower range or even be-
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TABLE 8. COMPARISON OF MEASUREMENTS OBTAINED FROM THE RIGHT FIBULA
OF APIDIMA 3 WITH MEAN AND STANDARD DEVIATION (SD) VALUES FROM
FIBULAE OF UPPER PALEOLITHIC COMPARATIVE SAMPLES (female sex).*

UP female comparative samples

Apidima 3
Measurement definitions by Briuer (1988) (N=7)
mean SD n o
maximum length (M1) 366.00 22.63 2 341.32
maximum mid-shaft diameter (M2) 16.50 2.35 7 16.5
minimum mid-shaft diameter (M3) 12.36 1.88 7 10.6

*All measurement values are given in (mm). SI-Table 1 lists the female specimens used to calculate the group values provided in
this table, as well as females and specimens of undetermined sex included as comparative samples in the violin and box plots of

fibula measurements (SI-Figure 27 and SI-Figure 28).

low the variation of Upper Paleolithic female individuals.

For the right fibula of Apidima 3, the osteometric com-
parison with Upper Paleolithic female individuals was
limited to the maximum length (M1), maximum mid-shaft
diameter (M2), and the minimum mid-shaft diameter (M3).
The results are summarized in Table 8. All three measure-
ments of Apidima 3 fall well within the variability of the
comparative samples. The maximum length (M1) of Api-
dima 3 falls closer to the lower limit of the variation of
the female comparative group, though this observation
might be affected by small sample sizes (n=2). The maxi-
mum mid-shaft diameter (M2) of Apidima 3 resulted in the
same value that was calculated for the comparative group
mean, and the minimum mid-shaft diameter (M3) is close
to the lower boundary of the standard deviation. SI-Figure
27 shows Apidima 3’s fibular maximum length (M1) rela-
tive position to Upper Paleolithic males and females, which
marks the lowest value among all comparative samples and
is clearly distinct from the male individuals. The violin and
box plots for the maximum mid-shaft diameter (M2) and
the minimum mid-shaft diameter (M3) are presented in SI-
Figure 28. The comparative samples in both measurements
are well distributed, and Apidima 3 plots consistently well
within the variation of the female comparative samples and
below the median of males and females. Nonetheless, none
of these measurements appear to be reliable indicators for
distinguishing Upper Paleolithic males and females, as
both groups exhibit high variability, and the overlap in the
range of both measurement dimensions encompasses the
spread of data points in both groups.

STATURE AND BODY MASS

Stature Estimation and Comparison of Apidima 3 With
the Upper Paleolithic Record

All stature estimates of Apidima 3 are summarized in Table
9 (for estimates based on tibia measurements) and in Table
10 (for estimates based on femur measurements). The tibia
stature estimates were performed based on the lateral con-
dyle-malleolar length (M1), the maximum length (M1la),
and the medial condyle-malleolar length (M1b). The maxi-
mum length (F1) and bicondylar length (F2) were used for
the femur-based stature estimation.

The tibia produced a body height of 160.5cm using the
European Neolithic female-based equation by Formicola/
Franceschi (1996) for the lateral condyle-malleolar length
(M1), whereas the Sjovold (1990) equation, based on mod-
ern, globally mixed-sex samples, resulted in a stature esti-
mate of 164.04cm. The maximum length (M1a) was applied
to the equations of Trotter and Gleser (1952), which were es-
tablished for American Black and American White females.
This resulted in stature estimates of 161.78cm for the equa-
tion of American Black females and 166.57cm for American
White females. Finally, the medial condyle-malleolar length
(M1b) was applied to the equations for females by Pearson
(1899), yielding a stature estimate of 161.35cm. Taken to-
gether, our stature estimates based on different length mea-
surements from the right tibia of Apidima 3 ranged from
160.5cm to 164.04cm, with an average stature inferred from
these estimates of 162.85cm. This is very close to the range
of stature estimation results obtained from femoral length
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Equations for tibia-based stature estimation Stature estimate (cm)

Sjevold 1990
164.04
(M1, modern globally mixed-sex sample)

Formicola/Franceschi 1996

160.50
(M1, European Neolithic female sample)

Tr./Gl. 1952

166.57
(M1a, Terry collection - American White, female)

Tr./Gl. 1952

161.78
Mla, Tibia max., Terry collection - American Black, female
y

Pearson 1899

161.35

(M1b, modern European female sample)

*The equations were developed based on tibia measurement definitions from Brauer (1988) and include the lateral
condyle-malleolar length (M1), the maximum length (M1a), and the medial condyle-malleolar length (M1b).

Equations for femur-based stature estimation Stature estimate (cm)
Sjovold 1990
163.47
(F1, modern globally mixed-sex sample)
Sjovold 1990
162.55
(F2, modern globally mixed-sex sample)
Formicola/Franceschi 1996
159.32
(F1, European Neolithic female sample)
Tr./Gl. 1952
163.80
(F1, Terry collection - American White, female)
Tr./Gl. 1952
161.21
(F1, Terry collection - American Black, female)
Pearson 1899
157.26

(F1, modern European female sample)

*Corresponding references for the equations used to calculate the body height values are provided next to the results
obtained. The equations were developed based on femur length measurement definitions from Brauer (1988) and
include the maximum length (F1) and the bicondylar length (F2).
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Figure 5. Violin- and box plot showing the average stature estimation result of Apidima 3 in comparison to Upper Paleolithic females
(blue). The comparative data used here are summarized in SI-Table 2. Circles indicate whether individuals lived before the Last Glacial
Maximum, and triangles indicate individuals from the period after the Last Glacial Maximum. The orange circle indicates the position
of the group mean, and the whiskers show the range of the standard deviation.

measurements, indicating consistency in the proportions of
the tibia and femur. The stature estimates from the femur
were nevertheless slightly smaller, ranging from 157.26cm
to 163.80cm and averaging 161.27cm.

Figure 5 shows Apidima 3’s average stature (tibia-based
estimations) compared to Upper Paleolithic female samples
in a violin plot, including indications about the mean (or-
ange dot) and the spread of data (black whiskers) for each
group. We used an average stature of 162.85cm for compar-
ison, and we categorized the Upper Paleolithic female com-
parative samples as either “PRE-LGM” or “POST-LGM”
based on their chronological association before/within the
last glacial maximum (PRE-LGM) or after it (POST-LGM).
The female comparative samples exhibit a clear distinction
in stature variation based on their chronological associa-
tion, as previously reported in studies on Late Pleistocene
body proportions (Formicola and Giannecchini 1999; Holt
and Formicola 2008). The mean in our PRE-LGM group is
165.94cm (n=9), and the mean of the POST-LGM group is
159.18cm (n=5). Apidima 3’s tibia-based stature estimates
thus have an intermediate position between the mean val-
ues of both comparative groups, though the average stature

estimate of 162.85cm falls slightly closer to the mean of the
PRE-LGM females. Furthermore, the relative position of
Apidima 3’s average stature estimates, as well as its range
of stature estimates, all plot well within the density peak
for the number of individuals from the PRE-LGM group.
Our stature estimates of Apidima 3 thus suggest a closer
affinity with females from the period before the last glacial
maximum (PRE-LGM) than with females from the Upper
Paleolithic after the last glacial maximum (POST-LGM).

Body Mass Estimation and Comparison of Apidima 3

The body mass estimates for Apidima 3’s left femur range
from 56.69kg to 58.27kg, with an average of 57.54kg. These
estimates were calculated based on the equations from
Ruff et al. (2012; 2018) for the superoinferior breadth of
the femoral head, which was measured on the left femur
with a result of 42.87mm. The body mass estimation results
obtained from the humerus-based equations were 55.02kg
(left humerus) and 55.13kg (right humerus). For the estima-
tion of body mass based on the humerus, we used Apidima
3’s distal articular mediolateral breadth measurements of
38.95mm (right) and 38.9mm (left) and applied them to the
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TABLE 11. BODY MASS ESTIMATIONS OF APIDIMA 3 AND THE
CORRESPONDING EQUATIONS USED TO CALCULATE THE WEIGHT (kg).*

Body mass (kg)
Ruff and Wood (2023) body mass equations R L
FHSI (European, Females) - 57.66
FHSI (European and combined sexes) - 56.69
FHSI (worldwide and combined sexes) - 58.27
HDML (worldwide and combined sexes) 55.13 55.02

FHSI = femoral head superoinferior diameter
HDML = humeral distal articular mediolateral breadth

*The equations were developed based on the superoinferior diameter of the femoral head and the distal articular mediolateral

breadth of the humerus.

body mass equation provided in Ruff et al. (2020) for mixed
sex and globally mixed samples. All body mass estimation
results for Apidima 3 are summarized in Table 11.

Figure 6 shows violin and box plots of the body mass
estimate of Apidima 3 relative to other Upper Paleolithic
male and female individuals. Additionally, the compara-
tive samples were categorized into chronological groups,
as was done for the plot of the stature estimates. For this
comparison, we used the estimated 58.27kg, calculated
using the equation based on the geographically most di-
verse reference samples (Ruff et al. 2018). Male compara-
tive specimens were more numerous than female ones.
The violin plot in Figure 6 shows that the highest density
of data points lies above the mixed-group median in most
male samples. In contrast, the lower 50% of data points in-
clude males and females with a larger and more irregular
spread of body mass estimates. All body mass estimates for
the less well-represented female individuals fall below the
interquartile range; the only exceptions are the female spec-
imen Veneri 2, whose body mass estimate lies above the
mixed-sex group median, and which is known to be one
of the most robust Upper Paleolithic females, and Romito
4, who falls into the range of overlap between males and
females. The estimated body mass position of Apidima 3,
shown in the box plot, is below the median and interquar-
tile range of Upper Paleolithic samples, including males
and females. Even though the number of available body
mass estimates for Upper Paleolithic females is small com-
pared to the Upper Paleolithic males, there is a tendency
for most females to plot in closer association to each other
below the first quartile and to form a first concentration of
data points, irrespective of the lower density relative to the
upper density peak created by male individuals. Apidima
3’s position falls well within this concentration of Upper
Paleolithic females. The classification of PRE- and POST-
LGM groups, however, did not provide any further indica-

tions about the distribution of the Upper Paleolithic body
mass estimates used in this comparison.

Paleopathology, Non-Metric Traits, and Skeletal
Modifications

Throughout Apidima 3’s postcranium, several skeletal el-
ements with osteoarthritis or signs of joint degeneration
were found. Osteoarthritis was diagnosed based on the
presence of at least two morphological changes in a joint,
as proposed by Waldron (2019). The sacroiliac joint in S3
8.21 shows marginal lipping and inferior osteophytic en-
largement of the auricular surface, including the presence
of deeply incising grooves on the auricular and preauricu-
lar area, as can be seen in Figure 4. Marginal lipping was
found around the condyles of both femora S3 12.15 and S3
12.16. The lateral margins of the capitulum and the lateral
epicondyle of the right humerus S3 8.1 also show progres-
sive bone proliferation. Osteophytes are present on the
quadriceps tendon attachment of both patellae, S3 12.9 and
S312.17, and on the calcaneal tendon attachment in the cal-
canei, S3 12.14 and S3 17.3.

Different types of bone lesions were found among the
skeletal remains. The proximal interphalangeal joint of the
proximal hand phalanx S3 11.3 is likely affected by osteo-
arthritis as it presents a mix of several smaller and larger
lesions on its articular surface (Figure 7), and it seems that
also marginal lipping of the joint contour occurred. Un-
fortunately, the postmortal damage present in the outline
of the phalangeal base also affected most of the contour,
which limits this assessment. In the better-preserved distal
end of the bone, however, an early-stage proliferation of
the dorsal articular outline could be observed with confi-
dence. The left ulna S3 17.1 has an ovoid lesion that enters
the bone in the lateral aspect of the olecranon (Figure 8),
and the right fibula S3 8.27 has a lesion on the interosseous
crest located in the proximal half of the diaphysis.
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Figure 6. Violin and box plot showing the average body mass estimation result of Apidima 3 in comparison to Upper Paleolithic fe-
males (blue) and males (orange). The comparative data used here are summarized in SI-Table 3. Circles indicate whether individuals
lived before the peak of the Last Glacial Maximum, and triangles indicate individuals from the period after the peak of the last ice age.

Also, in both tali, S3 8.5 and S3 23.2 (see Figure 8), a
bone lesion was found located anteriorly in the center of
the inferior margin of the trochlea, though the nature of
formation was likely mechanical since well-outlined squat-
ting facets exist right next to these lesions in both tali. S3
23.2 shows a well-pronounced medial trochlear extension,
and in S3 8.5, two facets formed bilaterally as lateral and
medial trochlear extensions. The stress-induced formation
of lesions due to habitual pedal hyperdorsiflexion and the
coincident formation of the squatting facets are the most
likely explanations for these observations. Pedal hyperdor-
siflexion occurs physiologically during squatting, and the
observed lesions and squatting facets have been frequently
reported in populations that habitually perform many tasks
in a squatting body posture (Baykara et al. 2010; Boulle
2001; Satinoff 1972). As these facets typically form on both
surfaces of the involved joints (Boulle 2001), we expected
to find them also in the preserved distal tibial remains, and
indeed, the right tibia S3 12.13 exhibits one large squatting
facet (see Figure 8). Interestingly, however, we could not
find even the initial state of formation of a squatting facet
in the left tibia S9.1. This is an important observation con-
sidering the presence of the strong medial trochlear exten-

sion found in the left talus S3 23.2, and might be indicative
of 9.1 to be, in fact, the tibia of a different individual. This
aligns with the morphological differences observed in di-
aphyseal shape. It is very unfortunate that this assessment
must rely on subjective visual inspection of bone morphol-
ogy due to the extensive fragmentation resulting from the
compression and reworking of S9.1 before its discovery.

A severe case of arthritic bone destruction was found
in the proximal interphalangeal joint of the first distal
pedal phalanx S3 22.1 (see Figure 7); here, an inflamma-
tory process took place over a longer time, which resulted
in the advanced erosion and reactive bone proliferation of
the phalangeal base. The inflammation further spread to
the surrounding bone, where it led to the development of
highly vascularized reactive bone material on the plantar
surface up to the distal phalanx, as well as increased vascu-
larization of the dorsal bone surface.

Several vertebrae showed strong osteophyte formation.
The superior vertebral body of the fourth lumbar vertebra
shows anterior bone proliferation (SI-Figure 11), and the
inferior surface of the vertebral body shows slight depres-
sion and porosity. Osteophytic growth was furthermore
observed in the lateral aspects of the superior vertebral
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S3 22.1: Phalanx distalis pedis (1)

S15.1: Macxilla

S3 11.3: Phalanx proximalis manus

Figure 7. Examples of skeletal remains of Apidima 3 exhibiting signs of osteoarthritis and periodontitis. S3 22.1: proximal view of the
phalanges base (top), dorsal (bottom left), and inferior (bottom right) views of the distal phalanx. Destructive inflammatory condition
and reactive bone formation are visible in all aspects; S15.1: view on the mesial surface of the alveolus of a missing molar. Small lesions
and increased porosity are evident in the bone surface; S3 11.3: proximal view on the phalangeal base. Several lesions are present on

the articular surface.

body of the cervical vertebra S3 8.3 and around the poste-
rior margin of the superior vertebral body of the thoracic
vertebra S3 8.6 (see Figure 8). In the case of the thoracic ver-
tebra S3 8.6, the left superior costal articular facet is highly
degraded, and the remaining surface is very porous.

The mix of osteoarthritic changes distributed irregu-
larly throughout the postcranium of Apidima 3, including
inflammatory and mechanically induced joint alterations,
indicates that this individual lived into advanced adult-
hood. This observation aligns with our age-determination
results, which concluded that Apidima 3’s biological age at
death was between 40 and 60 years.

During our careful examination of the degenerative
and pathological changes in the skeletal remains of Apidi-
ma 3, we also observed unusual bone morphologies and ar-
tificially produced modifications. The second metacarpus
(53 20.3) appears to have experienced developmental prob-
lems during the fusion of the proximal epiphysis, result-
ing in malalignment of the epiphyseal plate relative to the
metacarpal base (Figure 9). There is no evidence for physi-
cal trauma to have caused the malalignment, but we cannot
exclude this possibility. Such trauma or a congenital origin
of this unusual metacarpal base morphology are possible
explanations for this observation.

Another congenital anomaly was identified in the fifth
lumbar vertebra, S3 12.2 (SI-Figure 12). Initially thought to
be the fragment of the first sacral vertebra (S1), this speci-

men exhibits morphological characteristics that match
those of a lumbosacral transitional vertebra. The fragment
is relatively small, limiting the ability to describe this con-
dition in detail; however, important morphological fea-
tures are preserved, indicating the (almost) complete sa-
cralization of L5, corresponding to a Type III lumbosacral
transitional vertebra (Castellvi et al. 1984). The presence of
a developed sacral ala with a superior auricular surface in-
dicates that the fusion with S1 was likely complete or near
complete. These features alone do not appear unusual, and
there are no signs of pathological conditions affecting the
bone morphology. There is, however, a relatively large tu-
bercle located on the dorsal surface between the superior
articular facet, the auricular surface, and the sacral promon-
tory/superior body of L5. The likeliest explanation for the
presence of this tubercle is that of an abnormally retained
transverse process of L5 due to the fusion process in the
sacralization of L5 and S1. Similar changes in spinal mor-
phology resulting from the sacralization of L5 have been
reported in clinical radiographic studies on morphological
changes associated with processes of lumbarization and
sacralization (Nakajima et al. 2014). For the Upper Paleo-
lithic record, lumbosacral transitional vertebrae have rarely
been reported, which is certainly partially due to the lack
of preservation of the fragile sacra; however, cases of this
congenital condition have been described in detail, for ex-
ample, for the Gravettian individuals Parabita 1 and 2 (Mal-
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S3 8.3: Vertebra cervicalis

S3 17.1: Ulna (1)

S3 8.1: Humerus (r)

S3 8.6: Vertebra thoracica

Figure 8. Degenerative changes and signs of osteoarthritis in the bones of Apidima 3. S3 8.3: superior view, osteophytic outgrowth is
visible anterior and lateral to the vertebral base; S3 8.6: the vertebra is shown (from left to right) in anterior and lateral views. Osteo-
phytic outgrowth is visible on the superior vertebral body around the posterior half. The lateral views show the unilateral destroyed
superior articular demifacet on the left side, while the right side’s demifacets remained intact; S3 8.1: inferior view on the lateral and
anterior aspect. The right humerus exhibits bony outgrowths around the lateral rim of the capitulum and the lateral epicondyle; S3
17.1: lateral view. The left ulna has a lesion lateral to the trochlear notch where the joint capsule aligns; S3 12.15: inferior view, pos-
terior shows up. The right femur exhibits osteophytic outgrowth around the joint margins surrounding the intercondylar notch; S3
12.14 and S3 17.3: posterior view, heel spurs are present on the calcaneal tuberosity in both calcanei.

legni et al. 2000). Apidima 3 thus adds another important
record of this hereditary congenital condition for the Late
Pleistocene fossil record.

Finally, our examination concentrated also on the den-
tition of Apidima 3, which revealed additional important
information about its life history and oral health. Two small
jaw fragments were found preserved, and fortunately, with
some teeth still in place within their alveoli. The maxilla
fragment S15.1 shows a portion of the palate and the alveo-
lar process, including the first left molar. Distally, a remnant
of the neighbouring alveolus is preserved and exhibits sev-
eral smaller lesions that might be indicative of periodontitis
(see Figure 7). Unfortunately, there is very little additional
bone surface available for further investigation of this con-
dition. On the distal surface of the molar S15.1, we found an
artificially produced and deeply incising groove oriented
parallel to the occlusal surface right at the contact between
the tooth crown and the root. This artificial dental modifi-

cation was observed in several teeth of Apidima 3. An ex-
ample of a nicely pronounced groove is shown in the third
molar (53 21.3) presented in Figure 9, but it is not present
in all interdental contact surfaces. The grooves are always
oriented parallel to the occlusal line, and their position is
always on the mesial/distal surface. There, the grooves in-
cise the root right underneath the tooth crown and often
extend into the enamel.

The mandibula fragment S3 16.1 is the only other jaw
fragment with dentition. The fragment represents the right
posterior mandibular corpus with all three molars fully de-
veloped. Interestingly, the artificial groove is present only
at the contact between the first and the second molar, but
it is absent at the contact with the third. This mandibula
fragment shows a mix of taphonomy-related bone frag-
mentation and an age- and/or oral health-related retention
of the alveolar process down to the exposure of the roots.
The state of preservation, however, limits the potential to
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S9.1: Tibia (1)

S3 21.3: Dens molaris 3

S3 20.3: Metacarpus 2 (1)

S3 23.2: Talus (1)

Figure 9. Non-metric anatomical variants, developmental anomalies, and artificial modifications in the remains of Apidima 3. S9.1:
anterior view. The picture shows the absence of a squatting facet; S3 12.13: inferior view of anterior aspect. The right tibia exhibits
a well-pronounced squatting facet; S3 8.5 and S3 23.2: superior view of anterior aspect. Both tali have trochlear extensions; S3 21.3:
example of an interproximal groove as it is present in several of her dental remains; S3 20.3: dorsal and lateral view of the second
metacarpal showing the developmental misalignment in the epiphyseal plate and the metacarpal base.

determine the exact extent of bone resorption, and differ-
entiation of this process based on tooth position was not
possible.

S3 12.1: 4th lumbar vertebra (L4) and S3 12.2: lumbosacral
transitional vertebra: The left inferior articular facets of L4
and the superior articular facet of the sacralized L5 were
found preserved in articulation. A fresh breakage at the
transition of L4’s vertebral body to its inferior articular fac-
et separated the bone into two refitting pieces. The articu-
lated position of the vertebrae proves that they remained in
close anatomical order until the surrounding and connect-
ing sediment solidified. The bones experienced only minor
displacements by a slight posteroinferior rotation of L4 that
did not cause the disarticulation of the vertebrae, and as
such, they remained undisturbed until the solidification of
the surrounding sediment was completed. S3 12.1 also con-
tains old fractures that occurred before its excavation, as
evidenced by sediment embedded within the trabecular ar-
chitecture of the vertebral body. Also, in fragment S3 12.2,

old fractures were identified based on the distinctive dark-
er coloration of the fracture edges and by the presence of
sediment infill in areas where the internal bone structures
must have been exposed before the excavation. The shape
of these older fracture edges is usually irregular and sharp.
Since the anatomical order of these skeletal elements was
maintained in the presence of strong bone fragmentation, it
is likely that local compression of the sediment caused the
postmortal fracturing observed in these bones.

53 12.15: Femur (R): Despite the very good preservation
of many bones, which show little to no surface damage,
several bones experienced strong postmortem fragmenta-
tion prior to excavation. The right femur S3 12.15 shows
how both post-excavational damage and taphonomy af-
fected bone preservation. The proximal epiphyses and
apophyses are not preserved, while the exposed internal
bone structure appears filled with solidified sediment that
reaches through the medullary cavity down to the distal
end. The three preserved femoral fragments were therefore
most likely found as a single fragile piece that split into the
fragments after removal, as preserved today. This is also in-
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dicated by the distinctive appearance of the fractured edg-
es compared to the surrounding external surfaces. There
appear to be two centers of energy impact associated with
femoral fracture. The first fracture is oriented obliquely and
located between the proximal and the intermediate diaphy-
seal portion. The second breakage occurred between the in-
termediate diaphyseal portion and the distal end. Here, the
fragmentation is more irregular, with vertical, horizontal,
and oblique fracture lines that separate the bone into sev-
eral diaphyseal pieces, which were glued after excavation.
A mix of old and fresh surface damage was also found in
the lateral and medial condyles. On both sides, small bone
fragments are missing, but the internal trabecular architec-
ture appears free of sediment. While the medial condyle
has clear, irregular, and sharp edges, with barely any sedi-
ment visible in its internal structures, the lateral condyle
shows low amounts of sediment that could fill the internal
space and might thus also be older. Most of the fractured
edges are rounded and darker, while a smaller area anteri-
orly appears rather fresh, with a brighter appearance and
irregular edge destruction.

S3 11.1/S3 12.13: Tibia (R), S3 12.12: Fibula proximal
(R), and S3 12.18: Fibula diaphysis (L): Fragments of the
right tibia and the right and left fibulae are attached to a
rock and connected by solidified sediment as well as by
some type of adhesive that was applied by previous exam-
iners for the conservation of the block. The consistent sedi-
ment coverage and identical fracture morphology observed
on these bones are strong indications that the solidified
sediment block containing the bones represents the origi-
nal finding context. All three bones are superimposed and
attached to a relatively flat rock surface. The fragment of
the right proximal fibula is obliquely aligned to the lateral
surface of the right tibia. Its proximal diaphyseal portion
is pointing towards the posterior surface of the tibia, and
its malleolar articular facet is facing laterally away from its
anatomical position. This indicates that the proximal ends
of the right tibia and right fibula experienced only slight
displacements of their original articulation.

The right tibia and right fibula superimpose the left
fibula. The shaft of the left fibula forms a 35-degree angle
with the diaphysis of the right tibia. The medial surface of
the left fibula is in contact with the lateral surface of the
right fibula. The distal end of the diaphysis fragment of the
left fibula is located under the right tibia and fibula, and its
proximal end is oriented cranially.

The preserved contextualization of these skeletal ele-
ments suggests that the left fibula was also not displaced
far from its original burial position. This matches the de-
piction of the burial arrangement described in Mompher-
ratou and Pitsios (1995) where they assessed, based on the
spatial distribution of the disturbed lower leg remains, that
the legs were crossed and in hyperflexion, i.e., the lower
right limb was crossing the left leg and then placed under-
neath the left lower limb, while the body was placed laying
on the left side (Mompherratou and Pitsios 1995). It also
makes sense that the fibulae were found in direct contact
with each other. It is likely that the rock found agglomer-

ated with the bones moved to its present solidified position
during an erosive phase of the depositional environment,
which could have forcefully pushed away the left tibia
from its anatomical alignment, while the left fibula experi-
enced rotation primarily around its long axis. Another in-
dication of this scenario is the fracturing patterns observed
in the right tibia and fibula. All three bones are compressed
against each other, and right at their contact points, there
is a fracture line going through all bones up to the point
where the left fibula is compressed against an angular point
on the rock surface. Figure 10 shows this fracture pattern
very nicely. That the right tibia and the fibulae remained in
such a proximity to each other is very interesting, consider-
ing the strong evidence for an erosive event in the deposi-
tional environment that led to the destruction, removal, or
displacement of the left tibia from its original anatomical
alignment. The severely fractured left tibia S9.1 might be
associated with the other lower limb remains of Apidima 3,
but such a relationship could only be established based on
the minimum number of skeletal elements. Nevertheless, it
cannot be excluded that it belongs to a second individual,
and considering the definite presence of at least two adult
individuals, considering it was not found together with the
other skeletal remains, and considering the previously de-
scribed morphological differences, including the absence of
the squatting facet, it seems more likely that the left tibia
59.1 belongs to a different individual.

S§312.16: Femur (L), S3 12.17: Patella (L), and S3 8.21: Os
coxae (L): Important information about Apidima 3’s burial
body posture and the burial taphonomy is preserved in the
left femur S3 12.16 and the left patella S3 12.17, as well as
in the left os coxae S3 8.21. The patella and distal femoral
articular surface were found in anatomical articulation. The
connection was preserved by a solidified sediment crust.
The position of the patella is on the inferior aspect of the
distal femoral joint. This indicates that the left leg was in a
state of hyperflexion at the time of sediment solidification.
The sediment crust was strong enough to keep the patella
in place during an erosive event of the depositional envi-
ronment that caused the subsequent compression, frag-
mentation, and displacement of the femur. The sedimenta-
ry erosion and displacement of the femur, however, did not
occur in a high velocity movement of sediment mass, but
rather as a slow and energetically impactful process that
caused the fracturing of the acetabular rim of the left os
coxae and the posterior displacement of the femur, where
both bones were forcefully compressed against each other
again. This is indicated by a thin layer of compact bone that
replaced the destroyed lesser trochanter of the left femur
and that refits to a negative in the compact bone of the left
os coxae. The negative is located on the posterior surface of
the ilium superior of the acetabular rim. It is likely that an
event of sedimentary erosion led to the forceful dislocation
of the left femur in a superior-posterior direction and to
lateral rotation of the femoral head. Eventually, this ero-
sional event also led to the destruction of the acetabular rim
and the trochanteric morphology. However, the displace-
ment of the femur ultimately stopped after approximately
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S3 11.1: Tibia (r), S3 12.12: Fibula (r), S3 12.18: Fibula (1)

Figure 10. Posterior view of the right tibia (S3 11.1). The right and left fibulae of Apidima 3 are attached to the lateral surface of the
right tibia. All three bones are together compressed against the surface of a rock. Visible is a crack going through all three bones and

originating at the contact point of the rock surface.

5-10cm, and the posterior surface of the femoral proximal
end became compressed against the posterior surface of the
left coxae.

S3 13.1: Humerus (L), S3 13.2: Scapula (L): The left
humerus and the left scapula are preserved in similar ag-
glomerations as the previously described cases. Based on
our visual examination, we can conclude that the compo-
nents of the left glenohumeral joint were found connected
in anatomical order and preserved as such by a solidified
sediment crust. The elements were affected only by a low
degree of disarticulation due to compression within their
depositional environment. The compression led to exten-
sive destruction of the scapular blade, but areas in direct
contact with the humerus remained attached to it as the
surrounding sediment solidified over time. This includes
the anterior margin of the glenoid fossa that was com-
pressed into the posterior surface of the humeral head and
the inferior angle that was found attached to the anterior
surface of the humeral diaphysis. The compression of the
left humerus against the scapula also led to the fracturing
of the humerus diaphysis. The agglomeration of the left
humerus and left scapula near their original articulation in-
dicates that the skeletal remains remained undisturbed un-
til the connecting sediment solidified. This is furthermore
indicated by preserved rib shaft fragments that are also at-

tached to the humeral diaphysis.

S3 8.10: Scapula (R): The left scapula is also heavily
fragmented. Unlike the right scapula, it did not solidify in
agglomeration near a corresponding joint, but its lateral
border fragment agglomerated with several costal head
fragments on it. Most likely due to an erosive event or
due to the compression of the decomposed body, the ribs
turned upside down before they were compressed against
the right scapula.

DISCUSSION AND CONCLUSION
The Upper Paleolithic of Greece is known from only a few
sites, where human remains are either absent, highly frag-
mented, or recovered from insecure contexts (e.g., Harvati
2016; Harvati et al. 2009; Tourloukis and Harvati 2018). Ad-
ditionally, human skeletal remains of Early Upper Paleo-
lithic affiliation are rare across Europe and typically consist
of isolated specimens rather than burials (d’Errico and Van-
haeren 2015; Riel-Salvatore and Gravel-Miguel 2013). New
dating results for three pierced shells that may have been
associated with the burial of Apidima 3 indicate the pos-
sibility of an intrusive Gravettian burial context within the
sedimentary environment that contained the Protoaurigna-
cian lithic assemblage excavated during Pitsios’ excavations
(Harvati et al. 2026b [this issue]; Lombardo et al. 2026b [this
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issue]). Further refinement of the chronocultural affiliation
and biology of Apidima 3 is therefore of great interest, not
only for the fossil record of Greece but also for Europe in
general, as it can provide crucial biological information on
these elusive populations.

Our comprehensive investigation of Apidima 3
supports the original assessment of female biological sex
based on pelvic morphology (Mompherratou and Pitsios
1995; Pitsios 1999). This is also consistent with our osteo-
metric comparisons of long bone measurements and body
mass estimates of 56.69kg to 58.27kg, in which Apidima
3 falls within the range of Upper Paleolithic females. In
contrast, our age-at-death determination differs from the
originally assigned age range of 20 to 25 years. Based on
our careful examination of the auricular morphology, com-
bined with severe tooth abrasion and signs of advanced
joint degeneration, including inflammatory processes of
osteoarthritis in several joints, we concluded that Apidima
3 lived into advanced adulthood, with a likely age at death
between 40 and 60 years. However, the presence of a (pos-
sibly partially) fused lumbosacral transitional vertebra and
associated sacral dysmorphism altered the position and
morphology of the auricular surface (Mahato 2020; Matson
etal. 2020), and might have contributed to the development
of osteoarthritis (Illez et al. 2018), thereby influencing our
assessment of Apidima 3’s age-at-death based on the auric-
ular surface of the left os coxae (S3 8.21). Calce et al. (2018)
tested the effects of osteoarthritis on the accuracy of age de-
termination using the Buchberry and Chamberlain (2002)
method (among others), which we also included in our as-
sessment. They found a significant error in the age deter-
mination of younger individuals; however, they concluded
that the presence of osteoarthritis in hip joints (including
the sacroiliac joint) is frequently found in older individuals
and thus a good indication of advanced age as long as it
developed due to biomechanical stress (not trauma) and as
long as it is considered together with other age indicators
and skeletal elements since the etiology of osteoarthritis
can be multifactorial (Calce et al. 2018). Apidima 3 shows
signs of joint degeneration with varying degrees of bone
proliferation and inflammatory destruction in several skel-
etal elements. Moreover, the severe occlusal wear on her
teeth also indicates intensive use going beyond food masti-
cation over a long period of time, again suggesting that the
individual died in her mature years.

The presence of deeply incising, artificially produced
grooves on the interproximal surfaces of several of her
teeth, furthermore, indicates the use of teeth for non-mas-
ticatory activities. Similar observations have been made in
the dentition of individuals from other European Upper
Paleolithic sites, such as Neuessing, Grotte des Enfants,
or Barma Grande (Formicola 1988), and have also been
reported from Middle Paleolithic contexts, including the
nearby Kalamakia Neanderthal site in Mani (Harvati et al.
2013), and in early Homo specimens from Olduvai Gorge
(Estalrrich et al. 2020; Ungar et al. 2001). Possible activities
that could have produced interproximal grooves include,
for example, the use of toothpicks for dental healthcare

(Estalrrich et al. 2020; Estalrrich and Marin-Arroyo 2021;
Frayer 1991; Ungar et al. 2001) and the processing of sinew
and fibers (Brown and Molnar 1990), but the exact etiol-
ogy of these grooves may be diverse (Ungar et al. 2001). A
natural cause for the formation of such grooves, e.g., due
to accumulated fibrous plant material, seems to be unlikely
as the grooves appear only in the posterior dentition with
almost identical elongated shape and orientation (Ungar et
al. 2001). The presence of microstriations in the interproxi-
mal grooves of Apidima 3 should be confirmed microscopi-
cally to underline the use of toothpicks as the likely cause
of their formation.

Apidima 3’s discovery and excavation were, unfortu-
nately, poorly documented. The descriptions of the burial
and information provided by Mompherratou and Pitsios
(1995), Pitsios and Leibhaber (1995), and Pitsios (1999) of-
fer insight into the discovery of the human remains and
the excavators’ interpretation of the burial arrangement;
however, little underlying data are provided to illustrate
the spatial relationships between the skeletal remains and
the material culture or depositional environment. There-
fore, we carefully investigated bone preservation and the
arrangement of skeletal elements to better understand the
burial taphonomy, as several bones were preserved in con-
nection by a solidified sediment crust. Several anatomical
regions were thus preserved in a conglomerate of bones,
where the skeletal elements were situated near their actual
anatomical positions or in articulation. This indicates that
Apidima 3 was covered by sediment soon after death, con-
firming that her lower limbs were flexed to her body, as
described by Mompherratou and Pitsios (1995) and Pitsios
(1999). We could not find any evidence that her arms were
also flexed and close to the thorax; however, elements of the
glenohumeral joints and bone fragments of ribs and verte-
brae were found attached to the humeri, suggesting preser-
vation in anatomical order. The fact that the sediment crust
is present on the surface of all bones and connects several
skeletal elements of different body parts in their approxi-
mate anatomical position suggests that the solidification
of the sediment occurred soon after the body’s decomposi-
tion. This furthermore implies that the body was covered
by sediment soon after the individual’s death, potentially
as part of an intentional inhumation or due to massive sedi-
ment deposition related to an erosional event.

The excavators described that the upper part of the
skeleton was found intact, while the lower limbs were af-
fected by disturbances of the depositional context (Mom-
pherratou and Pitsios 1995; Pitsios 1999). The thorax was
found facing down, and the body was lying on its left side,
perpendicular to the long axis of the cave, with the head
facing the cave entrance—although the cranium itself was
not recovered (Pitsios 1999). The exact discovery situation
and skeletal arrangement cannot be examined anymore,
and, unfortunately, no image data were published show-
ing the context of any of Apidima 3’s disturbed or undis-
turbed remains. The only excavation image is a photo of
low quality showing the finding situation of the left tibia
(59.1) in a non-localizable position in the cave, stuck be-
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tween several larger rocks (Pitsios 1999: Figure 4). Only an
idealized artistic sketch showing the reconstructed burial
arrangement has been published (Mompherratou and
Pitsios 1995; Pitsios 1999). It does not appear unlikely that
Apidima 3 was buried in a side position, given our obser-
vations of preservation in the lower limbs and assuming
the excavators’ description of the undisturbed upper body
is accurate. Similar burials that match the descriptions and
observations of Apidima 3’s skeletal arrangement were ob-
served, e.g., for the Gravettian burials Dolni' Véstonice 3
(Trinkaus and Jelinek 1997) and Caviglione (Formicola and
Holt 2015), but also individuals associated with the Mag-
dalenian culture, like EI Mirén (Carrero et al. 2015), were
found lying on the side with flexed limbs.

The largely intact anatomical order of the skeletal ele-
ments, the level of skeletal completeness, and the absence
of gnawing or bite marks strongly suggest that there was
no carnivore activity around the skeleton. Most of the miss-
ing bones are elements of the hands and feet, which are
the smallest components of the skeleton and can also be
easily overlooked during excavation or displaced by ero-
sion of the depositional environment (Mompherratou and
Pitsios 1995; Pitsios 1999). The state of bone preservation
also suggests that pressure and compression were likely
the primary causes of the displacement and fragmentation
of most bones, while erosion of the depositional environ-
ment might have disturbed the lower limbs, as described
by the excavators (Mompherratou and Pitsios 1995; Pitsios
1999). The few fragments that were found from Apidima
3’s cranium imply that the head must have been preserved
until some event caused the severe fragmentation and, ap-
parently, also the loss of most of the cranial bones. The
excavators describe a stone slab located at the anatomical
position of Apidima 3’s cranium and interpreted it as part
of the ritual burial to support the head (Mompherratou and
Pitsios 1995; Pitsios 1999). However, it is also possible that
this stone slab was part of a depositional erosion event that
could have caused the skull’s fragmentation. As several
teeth of Apidima 3 were found in different square units
at varying depths, according to the original description in
Mompherratou and Pitsios (1995), it seems likely that the
upper body and/or the cranial region were also affected by
reworking of the depositional context.

The description of the Apidima 3 burial, as published
in Mompherratou and Pitsios (1995) and Pitsios (1999),
should thus not be considered as an accurate depiction of
the original inhumation. Apidima 3 has been presented as
a ritual burial context that included grave goods such as
lithics, 43 pierced seashells of the species Nassa neritea, a
small piece of quartzite, a special stone disc, and a tibia of
a cervid, which were all arranged around the bones as part
of the ritual according to the excavators (Mompherratou
and Pitsios 1995; Pitsios 1999). While we do not question
that these finds were retrieved from the same depositional
environment, one should be cautious about considering
them associated with the burial itself, since no clear spatial
information or other data are provided alongside the exca-
vators’ descriptions and interpretations. It is also possible

that Apidima 3 is intrusive into the surrounding deposi-
tional context, and that its true affiliation is to a younger
phase of the Upper Paleolithic rather than the Aurignacian,
as suggested by the latest dating results on samples from
Cave C that placed pierced shells reported to be found with
Apidima 3 in a range of 24.5 and 31.8 ka cal BP, pointing to
a potential Gravettian attribution. It is worth noting that a
late Gravettian / early Epigravettian assemblage has been
identified in Cave D (Lombardo et al. 2026a [this issue];
Harvati et al. 2026b [this issue]), showing human pres-
ence in the Apidima cave complex also during this period.
However, the question of the chronocultural attribution of
Apidima 3 can only be resolved with additional direct dat-
ing of the skeleton, and efforts to that effect are currently
ongoing.

Some weak support for an early Upper Paleolithic at-
tribution comes from our comparative analysis of the Api-
dima 3 stature estimates. The mean stature estimate of
162.85cm is closer to the PRE-LGM female group mean of
165.94cm (n=9) —although some of the individual estimates
are placed closer to the mean of the POST-LGM female
group of 159.1 cm (n=5). It should also be noted that the
variation in Apidima 3’s femur-based stature estimates is
greater compared to the tibia and produces values that fall
closer to the group mean of the PRE-LGM group as well.
Even though Figure 5 shows a clear difference in the dis-
tribution of stature estimates between individuals of the
PRE- and POST-LGM groups, as it has been described pre-
viously (Formicola and Giannecchini 1999; Holt and Formi-
cola 2008), our results should be considered with caution,
as the sample sizes of the comparative groups are small
and cover a wide geographic range. Apidima 3's stature es-
timates fall within the overlap range between both groups.
A slight tendency towards the lower end of the variation
range, typical of the PRE-LGM group, is also apparent. If
Apidima 3’s actual chronological position is POST-LGM,, it
would be one of the tallest (body size) female representa-
tives known for this chronological group.

Our study also provided an inventory update of hu-
man remains from Cave C, reinvestigated the biology and
health status of Apidima 3, and detailed morphological
descriptions, along with osteometric data, of this individ-
ual’s skeletal elements. The inventory reassessment was
an important task, as several additional individuals were
originally reported to have been found in Apidima Cave C
(Mompherratou and Pitsios 1995; Pitsios 1985, 1999). How-
ever, it was unclear which finds might be associated with
these additional individuals and what the minimum num-
ber of individuals found in Cave C was. During our reas-
sessment of the inventory of human remains from Cave C,
we identified 17 IDs that had received an individual ID but
had not been assigned to Apidima 3. Among these 17 IDs,
we identified one tooth (S11.1) as belonging to an animal.
ID S26.1 was identified as definitely belonging to a second
adult individual, since it represents a second right talus
that can be distinguished from Apidima 3’s right talus (S3
8.5) based on differences in preservation and based on the
presence of trochlear extensions (squatting facets) in both
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of Apidima 3’s tali. Also, the left tibia (S9.1) was identified
as belonging to a second adult individual despite the lack
of left tibia fragments among Apidima 3’s skeletal elements.
The squatting facets on Apidima 3's tali are also evident in
her right tibia (S3 12.13); however, the left tibia (59.1) does
not exhibit any similar characteristics. 59.1 also appears
morphologically very distinctive in diaphyseal shape; how-
ever, the severe fragmentary condition makes reliable mor-
phological assessments and quantitative comparisons with
the right tibia impossible. The remaining bone IDs of hu-
man remains that were originally not assigned to Apidima
3 are all hand phalanges and isolated teeth. Among these
remains are three IDs (O551.1: sesamoid; O302.1: proximal
hand phalanx; O107a.1: incisor) that were originally as-
signed to the fauna of Cave C but are now identified as
human bones, likely also from Apidima 3. Even though
several of these elements exhibit similar characteristics of
Apidima 3’s remains, such as the degree of dental occlusal
wear combined with the presence of interproximal grooves,
uncertainty persists regarding their association with either
Apidima 3, Apidima 4, or a potentially unrecognized addi-
tional individual due to the lack of spatial information and
archaeological contextualization.

The osseous finds from Cave C typically exhibit similar
preservation characteristics, namely, generally good bone
preservation with partial to severe fragmentation and a
solid sediment crust covering most or all of the bone sur-
face. Therefore, bones could only be distinguished from
Apidima 3’s remains based on differences in their morpho-
logical characteristics. In the case of the dental remains, all
teeth were found with severe occlusal abrasion, and sev-
eral teeth were found with interproximal grooves similar
to those found in the maxilla (S15.1) and mandibula (S3
16.1) fragments of Apidima 3. The severe degeneration
and fragmented state of preservation of the dental remains
from Cave C do not provide any other morphological
characteristics to distinguish whether they belong to more
than one individual. The last bone identified as belonging
to a second adult individual was found among the bones
originally assigned to Apidima 3. There, we found a sec-
ond right lateral cuneiform (S3 19.3) and identified it as not
part of Apidima 3 based on its distinctive morphological
appearance compared to the other tarsal remains. In sum-
mary, only the left tibia (S9.1), the right talus (526.1), and
the right lateral cuneiform (S3 19.3) could be identified as
secured human remains of a second adult individual. Since
several uncertainties exist about the depositional context
and the excavated stratigraphy from the first excavation in
1984 (Pitsios 1985, 1999), including the spatial relationships
of the human remains, we can at this point only be confi-
dent about the presence of at least two adult individuals
retrieved from the Upper Paleolithic context of Apidima
Cave C. Most bones listed in the inventory of human re-
mains in Table 1 are associated with Apidima 3, which is
confirmed based on their preservation and our morpholog-
ical assessments, however, the presence of a second adult
individual — Apidima 4—is also secured and its remains
are marked with an asterisk in Table 1. Nevertheless, sev-

eral uncertainties exist about the discovery and excavation
of the human remains from Apidima Cave C, and it cannot
be excluded that isolated human remains might actually
belong to additional, unrecognized individuals.

It will also depend on future discoveries of new human
remains to enhance our understanding of Upper Paleolithic
human skeletal biology, cultural behavior, and mortuary
practices in Greece. Information about Apidima 3’s skeletal
morphology, biology, behavior, and health status is, there-
fore, so far, the most representative source about the Up-
per Paleolithic hunter-gatherer populations that inhabited
this region. Our study thus provides important and unique
data for an area that currently lacks comparable records,
highlighting the need for a detailed examination of the hu-
man remains from Apidima Cave C and their international
recognition as a significant case for future comparative re-
search on Upper Paleolithic human remains. This is further
underscored by the geographic position of Greece and the
Balkan peninsula, which served as an important route for
the migration of human populations from lower to higher
latitudes during the Middle and Late Pleistocene (Dennell
et al. 2011; Harvati and Roskandic 2016; Harvati et al. 2009;
2019), as well as a climatic refugium during glacial times
(e.g., Karaiskou et al. 2014; Kyrikou et al. 2025; Roditi et al.
2024; Tourloukis and Harvati 2018).
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MORPHOLOGICAL DESCRIPTION OF APIDIMA 3

Cranium
§15.1: Maxilla fragment including M1
A small maxilla fragment is recorded as S15.1 (SI-Figure 1), but it was found among the human remains
originally assigned to the ID of an additional individual. The fragment represents a tiny portion of the
left palate and a remnant of the left maxillary sinus. The first or second molar is situated in its alveolus,
but most of the compact bone surrounding the tooth is damaged, including the enamel portion of the
already heavily abraded tooth crown. No information about the cranial or maxillary morphology is
preserved. The characteristics of the tooth, however, are very similar to those of other isolated teeth
and to those of the mandibular molars preserved in the posterior ramus fragment S3 16.1. These
characteristics include the presence of severe occlusal wear, interproximal grooves (located here on the
distal surface at the contact between root and crown), a sediment crust covering most of the bone
surface, and a high degree of fragmentation. S15.1 should therefore be considered as most likely
belonging to Apidima 3, and it is the only preserved bone fragment of Apidima 3’s cranium.
Additionally, 13 isolated teeth and their remains were found and are recorded under the IDs
S37.1,S37.2,53 105, S3 18.3, S3 18.4, S3 21.3, S3 21.4, S4.1, S5.1, S6.1, S7.1, S11a.1, O107a.1. All teeth
show severe degrees of occlusal abrasion to the exposure of dentine in most of the area, and in several
cases, even the pulp(s) are exposed. The strong occlusal abrasion and fragmentary condition of many
isolated teeth limited the possibility of detailed assessments, and most of them could not be assigned
to a position due to the lack of preservation of diagnostic features. Also, the presence of interproximal
grooves in several of the isolated teeth should be noted. Although most isolated teeth exhibit general
similarities, such as severe occlusal wear and the presence of interproximal grooves, we consider the
possibility that the dental remains of more than one adult individual may have been retrieved from
Cave C, but the lack of preservation of morphological characteristics excludes the possibility of
confidently differentiating the teeth by individuals and even by intraindividual positions.

Mandibula

S3 16.1: Posterior ramus fragment including M1-M3 and S3 18.1: Anterior alveolar process

Two fragments of Apidima 3’s mandible are preserved and shown in SI-Figure 1. 53 16.1 is a ramus
fragment representing the posterior aspect of the right mandibular body and alveolar process. The
preserved maximum length of the fragment is 44.86 mm. The fragment ends posteriorly 12.5 mm
behind the distal aspect of M3. The most anterior portion of the internal oblique ridge is preserved, but
the fragment ends at the transition to the ramus. The fracturing line continues vertically down to the
inferior border of the mandibular body. The medial surface of the fragment shows the posterior part of
the mylohyoid ridge and the submandibular fossa, but compact bone is not preserved anteriorly at the
position of M1 and M2. The inferior border of the mandibular body is not preserved. Its fracture line is
horizontal on both sides, with sharp, irregular edges. The mandibular fragmentation occurred before
its excavation. All exposed internal surfaces are filled with solidified sediment. The posterior dentition
is preserved with M1-M3 still sitting inside their alveolar bags. All teeth show a high degree of occlusal
wear. Exposed dentin is present in most occlusal areas. The second fragment, S3 18.1, belongs to the
anterior mandibular portion and preserves mainly the alveolar process with a maximum length of 29.5
mm. Like S3 16.1, it is broken horizontally on its inferior aspect. The anterior position of the fracture
line is superior to the mentum, and posteriorly it is above the mental spines. The lateral fracture lines
are vertical and located at the position of the canines. The alveolar bags for the first and second incisors
are partially preserved. There is a relatively big gap of about 3.3 mm between the medial margins of
the first incisors, which could indicate the presence of mandibular diastema. There are no signs of
inflammation or other dental pathologies in the preserved mandibular morphology.



SI-Figure 1. Fragments of the maxilla (515.1) and the mandible (53 16.1, S3 18.1) of Apidima 3.

Manubrium and Corpus sterni

§3 8.22: Manubrium

S3 8.22 refers to the superior and left lateral portion of the manubrium. The clavicular articular facets
are preserved on both sides, but the bone is broken obliquely from the right first articular facet to the
left demifacet for the second rib. The preserved length of the manubrium is 43.52 mm with a width of
50.05 mm.

$3 8.25: Corpus sterni

S3 8.25 is the most distal portion of the sternal body with a preserved length of 40.15 mm. The right
side is preserved up to the fifth costal notch. A fracture line extends from this point obliquely down to
the sixth costal notch on the left side and demarks the area of preservation. A third fragment exists that
represents the cranial portion of the sternal body and is also registered as S3 8.25. It refits with the
caudal fragment and is overall well preserved. The first to fourth costal notches are in good condition
and its surface is vastly covered with a thin sediment crust. The sediment crust limited visibility of
surface details, but a few small lesions are identifiable on the second and fourth costal notches on the
left side. The corpus sterni (S3 8.25) and manubrium fragment (S3 8.22) are shown in SI-Figure 2.

SI-Figure 2. Manubrium (S3 8.22; posterior view) and corpus sterni (S3 8.25) of Apidima 3.

S3 8.25




Costae
The human skeletal assemblage from Apidima 3 comprises fragments of several ribs, most of which
were recovered in a highly fragmented state. SI-Figure 3 provides a complete overview of all costal
remains of Apidima 3. A few ribs are exceptionally well preserved, though only one rib (53 10.3) is
actually complete and was found attached to two other mostly complete ribs (posterior ends missing).
The first ribs (S3 10.1 and S3 8.19) are both preserved, but the sternal and posterior ends are partially
damaged. Overall, 15 rib fragments with preserved posterior ends are available, 11 of which come from
left ribs and 4 belong to right ribs (S3 8.19, S3 8.17, S3 8.18, S3 17.6). Thirteen sternal ends are also
preserved but mostly as isolated fragments (S3 15.1 - S3 15.3, 53 12.3, 53 10.2, S3 10.3, S3 14.2, S3 6.7, S3
8.20). Furthermore, a total of 43 shaft fragments were found among Apidima 3’s costal remains.

The bone surfaces are primarily covered by sediment crust, but the underlying bone structure
appears to be well-preserved in all rib fragments.

SI-Figure 3. Costae of Apidima 3.




SI-Figure 3(cont.). Costae of Apidima 3.
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Claviculae

S3 8.2: Clavicula (r)

The right clavicle is preserved in its acromial end and shaft portion. The sternal end is missing. The
bone surface is covered by sediment crust, and the bone is agglomerated with the right humerus S3 8.1
and the cervical vertebra S3 8.3, as well as some additional smaller bones (fragments). This is shown in
SI-Figure 4 and explained in further detail in the description of the right humerus. The preserved
clavicula fragment has a maximum length of 100.8 mm.

There are no unusual characteristics about the clavicular morphology, but its visual inspection
is limited due to the sediment coverage. The attachment site for the m. deltoideus appears to be slightly
pronounced. There are no visible signs of joint degeneration at the acromial end and no signs of
pathological alterations.

Scapulae
S3 8.10: Scapula (r)

The right scapula is heavily fragmented, preserved in only four pieces. SI-Figure 4 shows the right
scapula of Apidima 3. All fragments are covered by a sediment crust. Its preserved morphology
includes the glenoid fossa, the acromion, a fragment of the superior angle with connecting portions of
the supraspinous fossa, and the connecting medial portion of the scapular spine, though the
continuation of the medial border is interrupted and the border as such is not preserved. The coracoid
process is not preserved, even though the fracturing surface at the glenoid fossa fragment appears to
be fresh, since there is no sediment fill in the exposed internal bone structure. The last preserved
fragment belongs to the lateral border and fits the fracturing line of the lateral border portion inferior
to the glenoid fossa. Several rib head fragments are attached to the anterior aspect of the lateral border



fragment, and the strong compression with the scapula seems to have led to the fragmentation of the
scapular blade.

The preserved and visible morphology does not indicate any unusual characteristics in the
scapular morphology. There are no signs of joint degeneration and no visible indications of pathological
conditions.

$3 13.2: Scapula (1)

The left scapula S3 13.2 is preserved in multiple fragments, of which several are glued to reconstruct
the superior and lateral morphology. All fragments are covered by a sediment crust. Available features
include the glenoid fossa, the acromion, the coracoid process, and the inferior angle of the scapular
blade. The scapular spine is preserved, but its continuation to the medial border is interrupted.
Similarly, the supraspinous fossa is just partially preserved. The anterior border of the glenoid fossa is
compressed against the posterior surface of the left humerus S3 13.1, and as such, is connected by
solidified sediment. This is shown in SI-Figure 4. The tip of the coracoid process is compressed against
the medial surface of the humeral head, but it does not seem to have caused any damage to the compact
bone structure. The inferior angle fragment includes the most inferior portion of the lateral border and
is compressed with its posterior surface against the anterior surface of the diaphysis of the left humerus.
No identified fragments of the medial border are preserved. Most of the lateral border and the surface
area of the scapular blade are also not available.

There are no unusual characteristics, and the state of preservation does not allow a more
detailed assessment of the scapular morphology. The preserved and visible surface of the glenoid fossa
does not exhibit signs of joint degeneration, nor are there any indications of pathological conditions on
the preserved scapular fragments.

Humeri
$3 8.1: Humerus (r)
The complete right humerus is preserved in three fragments, of which the proximal end and the
intermediate diaphysis are glued. The right humerus of Apidima 3 is shown in SI-Figure 4. The distal
end was also glued, but the adhesive failed to hold the bone structures together. Bone fracturing most
likely occurred within the depositional environment, as the exposed medullary cavity in the fractured
distal end contains solidified sediment in both directions. The distal end fragment has a maximum
length of 73.7 mm, and the proximal portion has a maximum length of 230 mm. The humerus is covered
with a sediment crust and has a glossy texture due to treatment with an unknown preservative. Like in
the agglomerated block that contains the right tibia S3 11.1 and the fibulae S3 12.12 and S3 12.18, also
the right humerus is preserved in an agglomeration of multiple bones that are connected by a solid
sediment crust. One of the attached bones is the right clavicle S3 8.2. It is aligned vertically to the
humerus shaft axis and located on the medial surface. Two smaller bones lie in direct contact between
the humerus and the clavicle. These two bones (fragments) are covered by a thicker sediment crust, so
that their anatomical relationship could not be determined visually. One of them could be a distal
phalanx, but this remains to be confirmed by further examinations. The second bone is the cervical
vertebra S3 8.3, which is aligned with the medial aspect of the humerus and in contact with the clavicle.
The inferior surface of the vertebra is pointing to the posterolateral aspect of the humerus, the superior
surface is facing in an anteromedial direction, and the transverse axis is rotated in orientation to the
humerus shaft axis. The right hemisphere is dipping more to the lateral aspect of the humerus, and the
left hemisphere is pointing in the medial direction of the humerus. In attachment with the clavicle and
the cervical vertebra, we observed another yet undetermined and heavily encrusted bone (fragment).
It appears to have a rounded joint surface that could match the morphology of an intermediate phalanx;
however, this assessment requires further validation and may require cleaning parts of the sediment
crust.

In general, the morphology of the humerus is very well preserved except for the two fracturing
points of the diaphysis. Almost all morphological features are unaffected by surface damage. Only the



medial supracondylar crest is slightly damaged, where a piece of sediment crust chipped off together
with some bone material.

The humeral surface is extensively covered by a thick sediment crust, which limits visual
examination. What can be inferred from the surface is that the attachments for the m. pectoralis major
and m. deltoideus are well pronounced. Reliefs of other muscle attachment sites are covered by too much
sediment to make any assessments. The greater and lesser tubercles appear completely intact, without
signs of enthesopathy. Also, the proximal and distal joint morphology appears to be unaltered and
thereby not significantly affected by joint degeneration. No pathologies were observed.

S3 13.1: Humerus (1)

All morphological aspects of the left humerus are represented, but partially heavily damaged. The bone
is preserved in two portions that represent the fragment of the proximal end with a maximum length
of 103.96 mm, and the fragment of the diaphysis with the glued distal end and a total maximum length
of 211 mm. The left humerus shows more severe fracturing than the right side. Also, the left humerus
is preserved in an agglomeration with other bones that originated from the shoulder and thorax. The
left humerus and the attached bones are shown in SI-Figure 4. The posterior aspect of the humeral head
is heavily damaged. The surface of the greater tubercle is compressed into the humerus, and the left
scapula 53 13.2 is stuck inside the posterior external surface of the humerus. Another possible scapular
border fragment is attached to the anterior surface of the humerus, right below the undamaged lesser
tubercle. Furthermore, two small rib shaft fragments and the inferior angle of the left scapula are
attached to the anterior surface of the humerus diaphysis. Except for the two proximal and distal
fracturing lines and a vertical crack on the anterior surface of the distal half, the diaphysis appears to
be well preserved. Additionally, the distal end is well preserved, except for the damaged medial
epicondyle. Most surface areas are covered with a sediment crust.

The morphology of the left humerus is comparable but slightly more gracile than the right side,
except for the deltoid tuberosity, which appears to be as prominent as in the right humerus. The
quantitative description also shows that the maximum length of the left humerus is about 3.7 cm shorter
than that of the right humerus. A slight tendency for bigger dimensions in the right humerus exists for
almost all acquired measurements. The only exception is the width of the olecranon fossa, in which the
left humerus is about 1.2 mm wider. The posterior aspect of the trochlea shows osteophytic lipping of
up to 1.3 mm with a stronger tendency towards the lateral side. This osteophytic enlargement was not
observed in the right humerus and might thus also be related to the wider olecranon fossa of the left
side. No further signs of joint degeneration or pathological conditions were observed.



SI-Figure 4. Humeri and scapular fragments of Apidima 3. 53 8.10: Scapula (r); S3 11.5: Fragment of
scapular blade; 53 13.1: Humerus (1); S3 13:2: Scapula (1); S3 13.3: Costae (1); S3 8.1: Humerus (r); 53 8.2:
Clavicula (r); S3 8.3: Vertebra cervicalis.

S313.1-8313.3 S3 8'1_' S38.3

Ulnae

$317.1: Ulna (1)

SI-Figure 5 shows the left ulna of Apidima 3 preserved in three fragments that had previously been
glued back into one piece. In general, most of the ulnar morphology is represented except for the
missing distal end. The fracturing line where the distal end broke off is located right below the
attachment site of m. pronator quadratus. The diaphyseal and proximal morphology appear well
preserved with no signs of damage. The bone is partially covered by a sediment crust.

The preserved morphology shows well-preserved muscle attachment sites. In particular, the
pronator and supinator crests are well developed, and the ulnar tuberosity also presents an increase in
surface complexity. The attachment site for m. flexor digitorum profundus appears as a distinct vertical
ridge that runs in parallel to the interosseous crest on the lateral surface of the ulna. There are two lytic
deformities located medially and laterally of the trochlear notch at the height of the most concave
indentations. The lateral lesion measures 3.7 mm in height and 2.1 mm in width. The medial lesion
measures approximately 3.1 mm in length and 0.1 mm in width. The trochlear margins show a slight
osteophytic enlargement of up to 0.8 mm with a sharp and protruding appearance. The diaphysis of
the ulna has a very slight medial curvature but appears, in general, rather straight.



Radii

§3 17.2: Radius (1)

The left radius is preserved in five fragments, each representing the complete morphology of the bone.
It is presented together with the left ulna in SI-Figure 5. The distal end of Apidima 3’s radius and the
proximal end exist as isolated fragments. The distal end fragment has a maximum length of 64.8 mm,
and the proximal end fragment has a maximum length of 49.46 mm. The remaining three fragments
are glued and belong to the diaphysis with a cumulative maximum length of 125.64 mm. Except for the
fracturing points, which partially contributed to the flaking of small, compact bone pieces, all
morphological features are largely intact but exhibit a slight degree of surface damage. The most distal
aspect of the interosseous crest is damaged. Surface damage was furthermore observed on the medial
aspect of the radial head. A small portion of the posterior surface of the styloid process and the posterior
margin of the ulnar notch are also affected by damage to the compact bone, exposing a small area of
trabecular bone in both cases.

The dorsal tubercle of the distal radius is well pronounced, and medially next to it runs parallel a
prominent ridge. The radial tuberosity is oriented anteromedially. The diaphysis has a very slight
lateral curvature. There are no signs of joint degeneration or visible indications of pathological
conditions.

SI-Figure 5. The left radius (S3 17.2) and the left ulna (S3 17.1) of Apidima 3.
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Carpals
S3 6.6: Capitate (1)

SI-Figure 6 shows the left capitate (S3 6.6) and the left hamate (S3 8.24) of Apidima 3. Most of the left
capitate is well preserved. Damaged features include the dorsal surface of the capitate’s head and the
dorsal portion of the trapezoid articular facet. The bone is partially covered by a relatively thick
sediment crust.

$3 8.24: Hamate (1)

The left hamate S3 8.24 was found attached to the faunal bone O275. All morphological features are
represented, but some have damaged surfaces. Particularly, the ulnar half of the distal articular joint,
including the ulnar margin, is damaged. Also, the compact bone surface of the hamate body shows
inferiorly larger surface damage in the proximal half. The bone is covered with a thin layer of sediment
crust, but the hamulus is covered by thicker concretions.

SI-Figure 6: Carpalia of Apidima 3. S3 8.24: left hamate in view from the capitate (palmar up); S3 6.6:
left capitate in view from the hamate (proximal up).

Metacarpals
The metacarpalia of Apidima 3 are shown all together in SI-Figure 7.

§3 6.1: MC 3 (D)
The left third metacarpal is completely preserved. There are no visible signs of damage. The bone
surface is covered by a sediment crust.

§325.1: MC1()

The left first metacarpal is complete but preserved in two reglued fragments. A small piece of compact
bone is missing on the plantar surface next to the fracturing line. The fracturing of the shaft is oriented
obliquely. The bone is partially covered with sediment crust, but most of the surface area is free of
sediment.

$320.3: MC 2 (1)
The right second metacarpal is represented by its proximal base and most of the shaft portion. The
distal end is not preserved. Further signs of damage are located on the ulnar and proximal aspect of the



metacarpal base. The maximum length of the fragment is 56.42 mm. The bone surface is covered by a
thin sediment crust.

$38.14: MC4 (D)

The left fourth metacarpal is preserved by its base and shaft morphology. The distal end is separated
from the remaining bone by an obliquely oriented fracture in the distal shaft. The preserved length is
45.14 mm. No further signs of damage are visible. The bone surface is covered with sediment crust.

$38.13: MC 2 (D)

The left second metacarpal is preserved in two fragments. One fragment represents the metacarpal
head with a maximum length of 12.84 mm. The second fragment represents the metacarpal shaft with
a maximum length of 54.71 mm. It is broken proximally and distally. The base morphology is not
preserved except for a very small area located dorsally at the transition to the shaft. The fracturing of
the distal end must have happened more recently since the exposed internal bone structures there are
completely free of sediment, while the proximal end contains solidified sediment and discolorations
that are not present in the distal fracture. The proximal fracture line is irregular and oriented obliquely
between the plantar and the dorsal aspects. Most of the bone surface is covered by sediment crust but
partially also the clean bone surface is exposed.

SI-Figure 7. Metacarpalia (MC) of Apidima 3.53 25.1: MC1 (1); S3 20.3: MC2 (r); S3 8.13: MC2 (1); S3 6.1:
MCS3 (1); S3 8.14: MC4 (1). The bones are shown in dorsal view, except for S3 8.14, shown in lateral view,
and S3 20.3, which also exhibits its medial surface.

S3 25.1 S320.3 S3 8.13 S3 8.14

Phalanges
S$31.1,S3 6.3, S3 11.3, S3 19.4, 0302.1, S10.1 and S12.1: Proximal phalanges

The proximal hand phalanges of Apidima 3 are shown in SI-Figure 8. Remains of seven distinguishable
proximal phalanges were found among the human skeletal remains. S3 1.1, S3 6.3, and S10.1 are
complete with no visible signs of damage. S3 1.1 and 510.1 were assigned to the right side, but their
exact position remains undetermined. S3 6.3 was assigned to the left hand, also, without a determined
position. 53 11.3 is almost complete, but it has been broken into three fragments. A small piece of bone
is missing on the inferior aspect. The proximal base fragment of 53 11.3 has a preserved length of 11.25
mm, and including the shaft fragment, the maximum length is 35.88 mm. The third fragment represents
a very small compact bone portion of the base fragment only. Another proximal base fragment with a
maximum length of 15.06 mm is registered as S3 19.4. It is broken obliquely in the proximal shaft and
shows irregular fracture edges. O302.1 and S12.1 represent distal ends with shaft portions that end with
an oblique and irregular fracture towards the distal end. The preserved maximum length of O302.1 is



25.09 mm, and it was assigned to the first proximal phalanx of the right hand. For 512.1, the preserved
length is 32.74 mm, but its position was not determined. Both S12.1 and O302.1 appear different from
the other bones due to the lack of sediment cover that is mostly found attached to the bones of Apidima
3. Possibly, this was the reason they were originally assigned to additional individuals, but there are
no morphological reasons for such a separation.

0302.1 and S3 11.3 exhibit signs of osteoarthritic joint degeneration. In the case of 0302.1, the
phalangeal head exhibits an osteophytic outgrowth of the joint surface measuring approximately 3 mm.
This dorsal osteophytic rim is also present in S3 11.3, but its extension there is only about 0.5 mm.
Furthermore, the proximal base of 53 11.3 shows several small lesions. The other bones do not exhibit
any similar features or signs of joint degeneration or pathological conditions in their visible
morphology.

SI-Figure 8. Phalanges proximales of Apidima 3. All phalanges are shown in dorsal view.

S$312.5, S3 12.6 and S13.1: Middle phalanges

The three complete left middle phalanges from the skeletal assemblage of Apidima 3 are presented in
SI-Figure 9. The bone surfaces are covered by a layer of sediment crust that also contains slightly bigger
sediment concretions.

The attachment site for m. flexor digitorum profundus is strongly pronounced in S3 12.6 and
present only as a slight change in the topography of the bone surface of 513.1 and S12.5. The proximal
joint surfaces are well-defined and smooth. No signs of degenerative changes or pathologies were
observed. 513.1 matches the overall morphological appearance and preservation of other hand bones
of Apidima 3 well. The original assignment to an additional individual is not clear, and it is likely that
the bone belongs to the general bone assemblage of Apidima 3.



SI-Figure 9. Phalanges mediae of Apidima 3. All phalanges are shown in dorsal view.

S312.5 S3 12.6

$312.7, S3 14.1, S16.1 and S10a.1: Distal phalanges

Four distal carpal phalanges are preserved and depicted in SI-Figure 10. None of them exhibits signs
of damage. 53 12.7, S3 14.1, and S10a.1 are covered by thin sediment crust. 516.1 is very clean compared
to the general skeletal assemblage, with no attached sediment concretions visible on its surface. Its
appearance is thus similar to that of the proximal hand phalanges O302.1 and S12.1, as they both lack
a sediment crust on their surface. S10a.1, however, exhibits the same characteristics in morphology and
preservation that have been observed in most other hand bones of Apidima 3.

SI-Figure 10. Phalanges distales of Apidima 3. All phalanges are shown in dorsal view.
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Vertebrae
All vertebrae from the human skeletal assemblage of Apidima 3 are presented in SI-Figure 11.

Cervical vertebrae

S3 3.1: C1 (Atlas)

The first cervical vertebra is largely complete. Only the right transverse process, including the
transverse foramen, is not preserved. The superior articular facets show anterior damage at the rim of
the articular facets. The left inferior articular facet is also partially damaged. The remaining bone
morphology does not present any additional unusual characteristics. The bone is completely covered
by sediment crust.




S3 7.3: undetermined position, C3 or C4

The cervical vertebra S3 7.3 is well preserved, but its right lateral transverse process is missing, and the
lateral aspect of the right transverse foramen is damaged. Inferiorly, the joint surface of the vertebral
body shows anterior damage on its right lateral margin.

S3 18.5: undetermined position, C4 or C5

Most morphological aspects of S3 18.5 are represented but damaged, and most of its surfaces are
covered by a thick sediment crust. The left hemisphere and the spinous process of the vertebral arch
are not preserved. Only the medial aspect of the left transverse foramen and a tiny area of the superior
articular facet are visible. The superior portion of the vertebral body is well-preserved, but the inferior
portion is damaged in its left hemisphere, with a few missing pieces of the body morphology. The right
hemisphere is less affected and in good condition.

S3 8.3: undetermined position, C5 or C6

The cervical vertebra S3 8.3 is agglomerated with the right humerus S3 8.1 and the right clavicle S3 8.2,
as well as some additional smaller bone fragments. This has been described in further detail with the
description of the right humerus. The bone surface of the vertebra is covered with a sediment crust.
Most morphological features are well preserved but show signs of surface damage. The vertebral body
is mostly intact, but an undetermined bone fragment has penetrated the vertebra inferiorly in its left
hemisphere. Also, the anterior, inferior, and superior left margins of the vertebral body are damaged.
The vertebral arch is intact and connected to the vertebral body; however, the left transverse process
and spinous process are not preserved.

S3 8.15: undetermined position, C6 or C7

S3 8.15 represents only the vertebral body. The right hemisphere shows the most medial aspect of the
transverse foramen, but nothing else of the vertebral arch morphology is preserved. The vertebral body
itself is in good condition and does not exhibit signs of damage.

Morphology of the cervical vertebrae:

No unusual characteristics were observed in the morphology of the cervical vertebrae of Apidima 3.
The joint surfaces are in good condition and show neither signs of joint degeneration nor of pathological
conditions. The exact position of the cervical vertebrae, except for the first cervical vertebra, could not
be determined due to the incompleteness of the cervical spine. What can nevertheless be said is that S3
7.3 must be positioned above S3 18.5, S3 8.3, and S3 8.15 since its vertebral body articulates with the
superior joints of S3 18.5 but not vice versa. Furthermore, S3 18.5 must be positioned above S3 8.3 and
53 8.15 since its superior vertebral body is too narrow to articulate with the inferior vertebral body of
any of them. The last relative position could be determined for S3 8.3, which has to lie above 53 8.15 for
the same reasons that were used to determine the relative positions of the other cervical vertebrae. The
lowest position of the cervical vertebrae is thus attributed to S3 8.15, but it remains unclear whether it
is position 6 or 7.

Thoracic vertebrae

S3 8.9: undetermined position

Well-preserved and complete thoracic vertebra of undetermined position. The vertebral body is intact
and shows no signs of damage. The vertebral arch has a damaged spinous process and a damaged right
transverse process. The bone is covered with sediment crust, and a small rock is attached to the right
side of the posterior surface. A costal head fragment is attached to the left side and is aligned to the left
posterior corner of the superior vertebral body.




S3 8.6: undetermined position

The thoracic vertebra S3 8.6 is partially preserved. The transverse processes are missing, the tip of the
spinous process is damaged, and the left lateral margin of the inferior vertebral body is pushed inwards.
Despite that, the vertebral body and the vertebral arch are intact. The posterior rim of the superior
vertebral body shows superiorly growing osteophytes. The anteroposterior dimension of the vertebral
body is relatively short, suggesting a position in the upper thoracic spine.

$3 8.7: undetermined position

The thoracic vertebra S3 8.7 preserved the vertebral body and most aspects of the vertebral arch. In case
of the latter, the right transverse process is missing, and the superior surface of the left transverse
process, as well as the superior portion of the left superior articular facet, are damaged. The vertebral
body is well-preserved and shows no visible signs of damage, nor does it exhibit pathological or
degenerative conditions. The bone is completely covered in sediment crust, but the damaged areas and
the exposed internal structures are free of sediment infiltration. The vertebra is connected to the
superior surface of the thoracic vertebra S3 8.8 and is held together by solidified sediment, though its
intervertebral articulation is not in anatomical position. S3 8.7 has been displaced posteriorly and
laterally to the right relative to the orientation and position of S3 8.8.

S3 8.8: undetermined position

The preservation of the thoracic vertebra S3 8.8 is very similar to the superiorly attached thoracic
vertebra 53 8.7. Most morphological aspects of the vertebra are preserved except for the right transverse
process and the tip of the spinous process. The inferior aspect of the vertebral body is damaged
posteriorly on the left surface. The bone is completely covered by sediment crust except for the
fractured features, where the exposed internal bone structures appear to be free of sediment.

Lumbar vertebrae

S$312.1: 14

The compact bone surface is covered by a very thin sediment crust. The right hemisphere is not
preserved. Only the anterior and left lateral portions of the vertebral body are available and broken into
two fragments of the rim region. Visible is also a previous postmortal fracture on the anterior body
fragment that had been reconnected with an adhesive. The vertebral arch is barely preserved. Only the
transition to the left transverse spinous process and the superior articular facet represent this part of
the bone morphology, and both are damaged in their left lateral aspect. The left inferior articular facet
is preserved as an isolated fragment attached in articulation to the corresponding articular facet of the
sacralized L5 (53 12.2). Both articular facets are connected through a compact sediment crust. The fresh
fracturing surface of the inferior articular surface connects perfectly with the fracturing surface of L4.
The bright color of the fracture edges in the vertebral arch and the anterior body suggests that the
damage occurred around or shortly after the time of the excavation. The fracturing of the posterior
aspect of the vertebral body fragments, on the other hand, must have occurred before excavation, as
sediment and a small rock are embedded within the posterior trabecular architecture.

Little can be said about the morphological appearance of L4 due to its high degree of
fragmentation. The preserved portion of the superior articular facet and the preserved left lateral aspect
of the rim of the inferior vertebral body are well defined and show no degenerative changes, except for
a porosity in the inferior surface of the vertebral body. The anterior rim of the superior vertebral body,
however, shows strong osteophyte formations, anterior lesions, and the superior vertebral body surface
exhibits increased microporosity.

§3 12.2: L5 (Lumbosacral transitional vertebra)

53 12.2 is a fragment of the left portion of a sacralized fifth lumbar vertebra (L5). The vertebral body is
preserved only as a small fragment of the superior aspect that represents the lateral and posterior rim.
Preserved is also the superior articular facet that is still in articulation with the inferior articular facet



of L4 (S3 12.1) and connected by a solidified sediment crust. The lateral aspect of the bone fragment
presents the superior portion of the auricular surface. The caudal end of the fragment is located at the
height of the first sacral foramen. The superior articular facet and the auricular surface are well defined
and show no signs of degenerative joint alteration, though it should be noted that the visual inspection
is also limited by the sediment crust cover that is present on most surfaces. Located between the
superior articular facet and the auricular surface is a well-developed tubercle that formed originally as
the transverse process of L5 (see Paleopathology, Non-Metric Traits, and Skeletal Modifications).

The fragmentation of the sacrum and L5 must have taken place before the excavation, since the exposed
internal bone structures are filled with sediment. Only the fracture surface of the articulated inferior
articular facet of L4 S3 12.1 can clearly be attributed to a fresh breakage by its bright coloration and
absence of sediment infill compared to the old, fractured surfaces of the sacral fragment S3 12.2.

SI-Figure 11. Vertebrae of Apidima 3. Vertebrae cervicales: S3 3.1 (Atlas), S3 7.3, 53 18.5, and S3 8.15 in
superior view; Vertebrae thoracicae: S3 8.6 and 53 8.16 in superior view, S3 8.9, S3 8.7, and S3 8.8 in
inferior view; Vertebrae lumbales: S3 12.1 (L4) in superior view.

Pelvis
All skeletal remains associated with the pelvis of Apidima 3 are depicted in SI-Figure 12.

§3 17.5: Os coxae (r)

The right os coxae is represented by one small iliac crest fragment that has a maximum length of 57.7
mm. It preserves the posterior aspect of the iliac crest and the anterior portion of the iliac tuberosity,
and its position corresponds to the iliac crest fragment S3 12.8 from the left os coxae. The fragmentation
occurred before the excavation, as the exposed internal structures are filled with sediment. The bone



fragment is covered by a sediment crust. Two circular depressions are located on the medial surface,
but they are likely the result of the erosion and compression of the sedimentary environment. No
unusual characteristics exist.

S3 8.21: Os coxae (1) and S3 12.8: Fragment of ilial crest (1)

The main fragment S3 8.21 represents multiple glued fragments of a left os coxae with preserved aspects
of ilium and ischium. The pubis is not preserved. Only completely intact but damaged features are the
auricular surface, the greater sciatic notch, the lesser sciatic notch, and the ischial tuberosity. The
acetabulum is broken in a vertical line at its most lateral aspect from the superior and inferior apex of
the lunate surface down to the transition point of the ischial tuberosity to the ischiopubic ramus.
Anterior to the ischial tuberosity, only the posterior rim of the obturator foramen is preserved.
Assessment of the acetabular morphology is limited since the bone surface around the acetabulum and
the acetabular rim are heavily damaged. The posterior superior iliac spine is also preserved but
damaged medially and anteriorly, which is connected to a circular fractured surface in the posterior
portion of the iliac tuberosity. The isolated iliac crest fragment S3 12.8 has a maximum length of about
76.5 mm, and it refits to the anterior interruption of the posterior iliac crest of 53 8.21. The anterior
portion of the iliac tuberosity is preserved in S3 12.8. The bone morphology is not preserved further
anteriorly than this fragment.

A general quantitative and qualitative morphological description remained limited to the very
few measurements and points presented in this article.

The posterior gluteal line is well pronounced. The anterior and inferior gluteal lines are barely
visible, but the major surface areas of their positions are not preserved. The sciatic notch is round and
has a wide angle of about 82 degrees, measured based on three points that correspond to the deepest
point of the notch and to the superior and inferior posterior end points. It should be noted that the true
end point of the inferior rim is expected to be located less than 1 cm further posterior, but this point
could not be taken due to damage to the ischial spine. The measured angle of the greater sciatic notch,
however, would not be affected significantly since the preserved endpoint lies in very close proximity
to the damaged ischial spine, and the state of preservation provides a clear outline of the notch
morphology. Important to note is also the presence of a very well-defined, deeply grooved, and wide
preauricular sulcus. Interestingly, the wide groove narrows and becomes pointed posteriorly, where a
secondary cutting incision/groove appears. The inferior view of the bone in Figure 4 shows this nicely.
This groove appears narrower and more elongated, and it is visible at the most posterior point of the
preauricular sulcus and in the most inferior part of the auricular surface, where an irregular osteophytic
extension of the joint surface is also apparent. The auricular surface shows no perforation, but the close
proximity and identical orientation of the two grooves indicate that they have been formed together.
The etiology of these grooves is unknown, but possible causing factors might have been the branches
of the superior gluteal artery that run together with the superior gluteal nerve above the piriformis
muscle through the greater sciatic notch posterior to the sacroiliac joint at the level of S2-53 (Wong et
al. 2023). The artery divides there into the superficial and deep branches, which enter the gluteal
muscles and also support the blood supply to the sacroiliac joint (Bollow et al. 2000). Sacral
dysmorphism caused by the (partial) fusion of the lumbosacral transitional vertebra and the resulting
changes in the morphology of the sacroiliac joint including its biomechanical properties and the hip
mobility, could have potentially affected the closely surrounding neurovascular system, e.g., by a lower
position of the sacroiliac joint (Ileez et al. 2018; Mahato 2020; Matson et al. 2020). However, the present
osteoarthritic condition of the sacroiliac joint exhibits damage to the synovial structures at the location
of these grooves, indicating a possible relationship to their formation.

The auricular surface is covered by a sediment crust that makes a detailed assessment of the
morphology difficult. Osteophytic joint lipping is clearly visible, with an enlargement of up to 1.4 mm.
Also, the morphology of the acetabulum is only partially preserved. The height from the inferior apex
of the lunate surface to the most superior point of the lunate surface is about 44 mm. The anterior aspect
of the superior lunate surface is not preserved. Also, the acetabular rim is only preserved in the most



inferior portion next to the ischial tuberosity. The border between the lunate surface and the acetabular
notch is well defined and elevated.

SI-Figure 12. Remains of Apidima 3’s pelvis. S3 8.21: os coxae (1) in posterior view; S3 12.2:
lumbosacral transitional vertebra in slight superior view of the anterior aspect; S3 17.5: os coxae (r),
ventral aspect of the right ilial crest fragment; S3 12.8: os coxae (1), perspectives of the left ilial crest
fragment.

Femora
Apidima 3’s femora are shown together with the patella in SI-Figure 13.

$3 12.15: Femur (1)

The right femur S3 12.15 consists of 3 major fragments that represent the distal end, the diaphysis, and
the proximal end. All three fragments have refitting ends. The distal end fragment includes
approximately the distal third of the diaphysis and has a length of 156.4 mm. The diaphysis fragment
has a length of 126.12 mm, and the proximal diaphysis fragment contains the transition to the femoral
neck and comes to a total length of 126.76 mm. All fragments are covered by a thin layer of sediment
crust and partially by bigger sediment concretions that also include small rock pieces. The distal end is
vastly complete, but the surface areas around the medial and lateral epicondyles are damaged. In the
case of the lateral epicondyle, at the location of the lateral collateral ligament attachment, there is a
small circular piece of bone missing. Both damaged areas appear to have originated after the
excavation, as the exposed trabecular architecture resembles that of other post-excavational bone
fractures, and the internal space is free of sediment. Posteriorly, the lateral and medial epicondyles are



free of sediment crust and appear bright and white. Similar areas where the original bone surfaces are
exposed also exist in other areas of the three bone fragments. It cannot be determined whether this
happened unintentionally after the removal of the bones from their depositional environment or if these
surfaces were exposed during an attempt to clean the bones from the sediment crust.

Stronger bone fragmentation occurred in the diaphyseal portion, where the medial and lateral
supracondylar lines converge and where the linea aspera ends distally. These smaller bone fragments
are reattached to the distal femur fragment by an unknown type of adhesive. Remnants of adhesives
can also be found on the fracturing surfaces of the three bigger bone fragments. It also appears that the
external bone surfaces of all fragments were treated with an unknown type of preservative. This is
indicated by the glossy texture of the bone surfaces, regardless of whether the original bone is exposed
or covered by sediment crust. The proximal fragment contains the proximal diaphysis, but none of the
proximal epiphyseal or apophyseal morphologies are preserved. The fracturing line starts right below
the lesser trochanter and follows as an oblique line medially to the beginning of the femoral neck.
Laterally, the fracturing line continues below the intertrochanteric line from where it moves almost
horizontally to the transition point of the femoral neck and back to the inferior margin of the lesser
trochanter so that all essential structures are lost. Since the exposed internal space here is filled with
solidified sediment, the fragmentation of the proximal end likely occurred before the excavation.
Unfortunately, no femoral remains were found in the collection that could be attributed to these missing
pieces.

The distal joint morphology appears in very good condition with no signs of pathological
alterations. Joint degeneration is present as a slight osteophytic enlargement anteriorly around the
facies patellaris and at the inferiorly located joint margins around the intercondylar notch. There is a
tendency towards stronger osteophyte formation in the medial condyle. The popliteal groove is well
defined, and the linea aspera appears strongly pronounced. Also, the gluteal tuberosity and a lateral
crest along the attachment sites of m. vastus lateralis and m. vastus intermedius are well pronounced.

$312.16: Femur (1)
The left femur S3 12.16 experienced a relatively strong degree of fragmentation in its proximal and
distal sections, but previous examiners reconstructed several pieces by application of adhesives.
Unfortunately, the morphology of the greater and lesser trochanters is not preserved. The external
morphology of the greater trochanter was pushed into the bone, and the lesser trochanter was
compressed against the posterior surface of the left os coxae S3 8.21, which led to the destruction of the
lesser trochanter, and a thin layer of compact bone covered the fractured surface. This compact bone
layer matches a negative in the external compact bone surface superior to the damaged acetabular rim
of the left os coxae S3 8.21. The femoral head and neck form a single fragment, and the exposed
trabecular architecture reveals remnants of sediment fill. The intermediate diaphysis fragment is the
best-preserved piece of the left femur. It does not show any signs of damage other than the fracturing
of the posterior and distal ends. The distal end is also vastly intact. Only the lateral condyle and lateral
epicondyle are damaged. The patella S3 12.17 is attached to the distal joint surface by solidified
sediment and shows that the lower limb was in hyperflexion at the time of the initial burial. The distal
end fragment has a maximum length of 125.95 mm. The diaphysis with the glued proximal end has a
maximum length of 314.25 mm, and the isolated femoral head fragment has a maximum length of 55.5
mm. All fragments are covered by sediment crust and present a glossy texture that indicates that they
were treated with some type of preservative besides the glue that was used to reassemble the single
bone fragments.

The morphology of the left femur is similar to the preserved features of the right femur S3 12.15.
The popliteal groove is well defined, and the distal joint morphology shows osteophytic enlargement
of about 1 mm at the superior and medial margins of the facies patellaris, as well as around the joint
margins of the intercondylar notch, though the anterior aspect of the notch cannot be evaluated due to
the attached patella S3 12.17. As observed in the right femur and patella, the medial joint surfaces are
more strongly affected by joint degeneration than the lateral surfaces. The femoral head does not show



any degenerative alterations of joint morphology. The fovea capitis femoris is located in the
posteroinferior quadrant of the femoral head and has a triangular shape in its center that is surrounded
by a shallow and smooth oval-shaped groove. The center has a width of 16.7 mm and a height of 13.6
mm. The linea aspera appears very prominent and wide. The gluteal tuberosity is well pronounced
with a strong relief, but the pectineal line is barely visible compared to the right femur. Interesting to
note is the presence of a trochanter tertius located on the gluteal tuberosity at the height of the lesser
trochanter with an oblong, rounded shape. Its presence on the right femur cannot be examined since it
would be located above the fracturing line that separates the preserved femur from the missing
proximal morphology.

SI-Figure 13. The left (S3 12.16) and right (S3 12.15) femur and the left (S3 12.17) and right (S3 12.9)
patella of Apidima 3.
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Tibiae
SI-Figure 14 presents the skeletal remains of Apidima 3’s right tibia and both fibulae.

$312.13 / S3 11.1: Tibia (r)

The right tibia S3 12.13 / S3 11.1 is complete for most of its extent but also is partially fractured and
damaged on the surface. It is preserved in two pieces that represent the proximal end with the proximal
third of the diaphysis (S3 11.1) and the distal end with the distal two-thirds of the diaphysis (53 12.13).
The proximal fragment has a maximum length of 123.3 mm, and the distal fragment has a maximum
length of 230 mm. The tibiae were found independently in the collection of the skeletal remains and
could then be refitted during our examinations. Unfortunately, the proximal fragment S3 11.1 is
agglomerated with the fragments of the left and right fibulae S3 12.18 and S3 12.12, which limits the
macroscopic visual examination of these bones. All three bones are superimposed and sit together on
a rock that resembles the original finding situation at the archaeological site (see “Burial Taphonomy”).
Like all other bones from the human skeletal assemblage of Apidima Cave C, these bones are also
covered by a solidified sediment crust. Like many other bones, the agglomerated block of tibia and
fibulae, along with the rock, was treated with an unknown type of preservative that has been applied
to all surfaces.

In the case of the proximal tibia fragment S3 11.1, only the medial, anterior, and proximal
surfaces are clearly visible. The lateral side points downwards to the rock surface and is covered with
sediment, and the obliquely aligned proximal fibula fragments S3 12.12. The diaphyseal connection
between the proximal tibia S3 11.1 and the remaining bone S3 12.13 shows a high degree of
fragmentation. Two smaller diaphysis fragments are missing at this connection, but the remaining
fragments are glued to S3 11.1. The distal portion (S3 12.13) is largely intact but exhibits some vertical
cracks in the diaphysis that are filled with sediment, and where the sediment has also entered the
medullary cavity. The fibular notch is not preserved, and the fractured surface is entirely covered by
sediment. Also, the medial aspect of the talar articular facet is damaged in a vertical line with the
damaged fibular notch. Even though many aspects of the right tibia cannot be examined clearly, it is
clearly visible that the tibial tuberosity, the morphological features of the proximal epiphysis, and the
medial malleolus are intact.

The morphological investigations of the right tibia S3 11.1/S3 12.13 were limited by the
agglomeration with other skeletal remains. Nevertheless, a few observations could be made to describe
the morphology. The distal end features a well-defined anterior squatting facet with a width of 16.85
mm and a height of 10.4 mm. On the posterior surface, the presence of a nutrient foramen situated on
the soleal line is visible. The relief of the soleal line is very well developed. Also, the interosseous crest
on the lateral surface of the diaphysis is prominent. There are no signs of pathological conditions. The
medial margin of the medial condyle and the posterior-lateral margin of the lateral condyle show
osteophytic growth of about 1 mm. Except for that, there are no signs of joint degeneration on the
proximal and distal joint surfaces.

Fibulae
SI-Figure 14 presents the skeletal remains of Apidima 3’s right tibia and both fibulae.

$312.12 and S3 8.27: Fibula (r)

All morphological aspects of the right fibula are preserved, but the bone is broken into several pieces.
ID S3 8.27 includes a fragment of the distal end with the distal third of the diaphysis and an additional
three glued intermediate diaphysis fragments. The diaphysis fragments have a maximum length of
142.15 mm, and the distal end fragment has a maximum length of 129.13 mm. The proximal third of
the diaphysis and the proximal end are saved as ID S3 12.12. The proximal diaphysis fragment has a
maximum length of 58.3 mm, and the distal diaphysis fragment has a maximum length of 43.92 mm.
These fragments are agglomerated with the right tibia S3 11.1 and the left fibula S3 12.18 on a rock
surface. This is explained in greater detail in the description of the right tibia S3 11.1 (also see “Burial



Taphonomy” for additional information). The bone surfaces are covered by a thin layer of sediment
crust. The fragmentation of the bone is of an older nature since the exposed internal bone structures at
the fracturing locations are filled with sediment. The bone morphology in general is well preserved,
and there are barely any visible signs of damage except for the fracturing points.

Due to the sediment crust and the agglomeration of the proximal end of the right fibula, the
possibilities for a visual and quantitative description of the bone morphology are not possible, and are,
for now, limited to the visible extent of the diaphysis and distal end. The fibular nutrient foramen enters
the bone at the interosseous crest in the proximal half of the bone, but close to the mid-shaft location.
The attachment site for the m. fibularis tertius is strongly pronounced. There are no visible signs of
pathology or joint degeneration, though the actual articular surface of the fibular head is not visible
due to a relatively high amount of sediment coverage.

$312.18 and S3 9.2 Fibula (1)

The left fibula is preserved in 3 fragments. The proximal end is registered as 53 9.2, and two additional
diaphysis fragments are registered as S3 12.18. The proximal end fragment S3 9.2 has a maximum length
of 71.6 mm. The proximal diaphysis fragment of 53 12.18 has a maximum length of 101.2 mm, and the
distal fragment has a maximum length of 58.92 mm. The diaphysis fragments S3 12.18 are agglomerated
with the right tibia 53 11.1 and the right fibula S3 12.12 on a rock surface. This is explained in greater
detail in the preservation description of the right tibia S3 11.1 and in the section “Burial Taphonomy”.
The bone surfaces are covered by a thin layer of sediment crust. The morphology of the fibular head is
intact. The two diaphysis fragments belong to the mid-shaft and distal third portion of the diaphysis.
The distal fragment ends at the transition to the lateral malleolus, and the proximal fracture line is
located approximately at the mid-shaft location, about 24 mm proximally to the distal end of the
anterior crest. The fracturing line between the two diaphyseal fragments goes from proximal to distal
in an oblique direction from the anterior surface through the attachment site for the m. fibularis tertius.
The lateral surface is not visible since it is aligned with the rock surface. The medial surface with the
visible distal portion of the interosseous crest is compressed against the lateral surface of the
superimposed proximal end of the right fibula S3 12.12.

The morphological appearance of the left fibula S3 12.18/S3 9.2 is very limited due to the
agglomeration with the tibia S3 11.1 and the fibula fragments S3 12.12. The missing distal end,
unfortunately, also does not provide information about the morphology of the left lateral malleolus,
but the appearance of the m. fibularis tertius is similar to that of the right distal fibula fragment S3 8.27.
No unusual or remarkable characteristics were observed in the morphology of the fibular head. No
signs of pathological or degenerative alterations were observed either. A quantitative description of the
left fibula could only be done for the fibular head due to the incompleteness of the bone.



SI-Figure 14. The right tibia (S3 11.1/S3 12.13), as well as the right (S3 12.12/S3 8.27) and left (S3 12.18)
fibula of Apidima 3.
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Patellae
The patellae of Apidima 3 are shown together with the femora in SI-Figure 13.

$3 12.9: Patella (r)

Complete left patella with a low degree of cortical damage. Only the tip of the apex is broken, and little
cortical damage is furthermore located inferiorly along the lateral margin between the lateral articular
surface and the apex. Except for the damaged areas, the bone is completely covered by a thin layer of
sediment.

The joint surface exhibits osteophytic enlargement of 1-2 mm on its distomedial and lateral
margins. On the lateral aspect of the distal surface, the cortical bone shows increased microporosities.
Anteriorly, the formation of exostoses at the site of the patellar tendon was observed. Furthermore, a
distinctive depression with a dimension of about 8 x 6 mm is located on the lateral articular surface,
right next to the crista facies articularis.

S3 12.17: Patella (1)
Complete left patella with no visible damage. The bone is completely covered by a thin sediment crust
that connects the patella from the articular facet to the distal joint of the left femur S3 12.16 in position
of hyperflexion.

Due to the attachment of the left patella to the joint surface of the left femur, it is not possible
to examine the articular morphology visually except for the superior portion of the lateral articular



facet. No clear signs of joint degeneration are visible here. Anteriorly, small exostoses are located at the
site of the patellar tendon insertion.

Tarsals

The human skeletal remains from Apidima Cave C contained tarsal bones mainly associated with
Apidima 3, but also two tarsals were found that were identified as belonging to a second adult
individual — Apidima 4. All tarsals from the human skeletal assemblage of Cave C are shown in SI-
Figure 15.

S3 12.14 Calcaneus (1)
Complete left calcaneus. No visible signs of damage, but the bone is completely covered by a thin
sediment crust and partially by bigger sediment concretions that contain small rocks.

The left calcaneus does not show any unusual characteristics in its visible morphology, even
though the sediment crust limits the macroscopic examination of the bone surface. Formation of
exostoses at the location of the calcaneal tendon is present.

$3 17.3: Calcaneus (r)

The right calcaneus is completely preserved with a small degree of surface damage located at the
superior margin of the cuboid articular facet, at the posterior margins of the posterior and lateral talar
articular facets, as well as on the tip of the lateral process of the calcaneal tuberosity. The bone is covered
by a thin layer of sediment.

The general morphology of the right calcaneus is similar to the left side. The calcaneal
tuberosity exhibits exostoses at the site of the calcaneal tendon insertion. More clearly visible in the
right calcaneus are the joint facets of the anterior and middle talar articular facets. The joint surfaces
exhibit a slight osteophytic enlargement, measuring up to 0.7 mm. Despite that, no other signs of joint
degeneration or indications of pathological conditions were observed.

S3 8.5: Talus (r), S3: 23.2 Talus (1)

Three tali were found among the human skeletal remains of cave C, and two of them could be
associated with Apidima 3. The right talus S3 8.5 and the left talus S3 23.2 are both in very good
condition with only a little degree of compact bone damage. The damaged areas in the left talus S3 23.2
are located on the inferior and superior aspects of the talar head and on the medial margin of the
posterior subtalar facet, including the inferior border of the groove for the m. flexor hallucis longus. On
the right talus S3 8.5, surface damage is located on the lateral margin of the talar head as well as on the
anterior margin of the posterior subtalar facet. Despite that, all morphological features of S3 8.5 and S3
23.2 are intact, and no further signs of damage are visible. All bones are covered in sediment crust. 53
8.5 has a well-preserved lateral squatting facet that is also reflected in the right tibia S3 12.13. In the left
talus S3 23.2, trochlear extensions are present on the medial and the lateral aspects. The general
appearance of S3 8.5 and 53 23.2, as well as their state of preservation, is very similar. It seems likely
that they belong to the individual Apidima 3 and that the second right talus (ID 526) is more likely the
bone of a second individual. Unfortunately, its bad preservation does not allow a morphological and
quantitative comparison to the other talus remains. Neither of the preserved and visible joint surfaces
of the three tali exhibits signs of pathological conditions.

$3 9.1: Naviculare (r)
The right navicular is complete with no visible signs of damage. Bone covered with a thin sediment
crust.



S3 6.4: Naviculare (1)

Preserved maximum length of 35.94 mm. The talar tuberosity is not preserved. The remaining bone
morphology is intact with no visible signs of damage. Bone is covered partially by a relatively thick
sediment crust.

S3 18.6: Cuboid (1)

The left cuboid is complete but partially damaged. Surface is affected superiorly and laterally at the
joint margin of the calcaneal articular facet and the cuboid tuberosity as well as the most lateral margin
of the metatarsal articular facet. The articular facet for the lateral cuneiform is slightly abraded
posteriorly.

S310.4 Cuboid (r)
Complete but partially damaged. The superior joint margin of the calcaneal articular facet is slightly
abraded, and a low degree of compact bone damage is located on the medial bone surface between the
articular facets of the lateral cuneiform and the calcaneus.

Directly on the superior rim of the metatarsal articular facet is a slight incision in the joint
surface. Behind this incision, the compact bone shows a depression that might be related to a lytic
process.

$3 19.1: Medial cuneiform (r)

Complete medial cuneiform with a slight degree of surface damage. Only a very small portion of the
inferior rim on the proximal and distal articular facets is damaged. No further signs of damage are
visible. The bone is covered by a thin layer of sediment crust.

$3 19.2: Medial cuneiform (1)

The inferior lateral surface is damaged in a continuous line from the distal to the proximal articular
facets. The medial surface shows a small circular depression that perforated the bone surface at an
oblique angle. The medial rim of the proximal articular facet shows a low degree of abrasion. Despite
that, all morphological aspects are intact and free of further damage. The bone is covered by a thin layer
of sediment crust.

S3 8.12: Intermediate cuneiform (1)

Complete intermediate cuneiform. All morphological aspects are intact and exhibit only a very low
degree of surface damage, localized in small areas around the joint margins. Primarily, the inferior and
lateral aspect of the metatarsal articular facet is affected, though it didn’t damage the joint surface itself.
Bone is covered by a thin layer of sediment crust.

§3 19.3: Lateral cuneiform (r)

Two right lateral cuneiforms were found among the human remains from Apidima Cave C. S3 19.3 was
identified as the right lateral cuneiform of Apidima 3, based on its good articulation with the right
cuboid S3 10.4. The second right lateral cuneiform, S3 6.5, does not align well with the right cuboid and
was therefore assigned to Apidima 4 (see “Morphological Description of Apidima 4” for further
details). S3 19.3 is completely intact with no visible signs of damage. The bone is covered with sediment
crust. No unusual morphological characteristics were identified.



SI-Figure 15: Tarsalia of Apidima 3. S3 9.1 (r) and S3 6.4 (1): navicular bones in proximal view from the
talus; S3 18.6 (1) and S3 10.4 (r): cuboids in dorsal view; S3 19.1 (r) and S3 19.2 (1): medial cuneiforms in
view from the intermediate cuneiform; S3 8.12 (l): intermediate cuneiform in view from the medial
cuneiform; 53 19.3 (r): lateral cuneiform in view from the cuboid; S3 23.2 (1) and S3 8.5 (r): tali in plantar
view; S3 12.14 (1) and S3 17.3 (r): Calcanei in dorsal view.

S312.14

S3193

Metatarsals
SI-Figure 16 shows all metatarsalia from the Apidima 3 inventory.

S3 11.6: MT1 (1)

The left first metatarsus has a preserved maximum length: 38.38 mm. Preserved is a proximal fragment
including the base and medial half of the proximal shaft portion. The distal bone half is not preserved,
and the fracturing line occurred around the mid-shaft location. The lateral half of the proximal shaft is
not preserved. On the proximal base, medially and inferiorly located is an oval-shaped lesion, but its
formation was due to taphonomy. The bone fragmentation is, in general, of an older nature since the
exposed internal bone structures are filled with solidified sediment.

S3 9.4 and S3 11.2: MT2 (r)

The right second metatarsus has a preserved maximum length of 29.31 mm for the proximal fragment
and a maximum. length of 44.36 mm for the distal fragment. No visible signs of damage except for the
oblique fracture line that separated the bone into two pieces and slight compact bone abrasions where
the bone surface is not covered by sediment crust.



$3 6.2: MT2 (1)

The left second metatarsus has a preserved maximum length of 50.5 mm. Most of the proximal base
morphology is preserved, but the inferior margin and the lateral inferior articular facet are not
preserved. Distally, the shaft is broken into step fractures around the mid-shaft. The distal half is
missing.

$39.3: MT3 ()

The left third metatarsus has a preserved maximum length of 67.22 mm. The shaft and proximal base
morphology are well preserved, but the distal end is missing. A compact bone fracture shows irregular
edges, and the exposed trabecular architecture contains sediment fill.

$320.2: MT4 (D)

The left fourth metatarsus has a preserved maximum length of 35.96 mm. Only the proximal base and
the most proximal shaft portion are preserved. Recent surface damage is present around the margins
of the cuboid articular facet. The distal shaft fracture shows step-like and irregular edges and a vertical
crack parallel to the shaft axis. The fracturing event is of older nature since the exposed internal bone
structure shows filling with solidified sediment.

SI-Figure 16. Metatarsalia (MT) of Apidima 3. MT1 (1) in medial view; S3 6.2: MT2 (1) in dorsal view;
53 9.4 and S3 11.2: MT2 (r): lateral view; S3 9.3: MT3 (1) in dorsal view; S3 11.6: S3 20.2: MT4 (1) in
lateral view.

Phalanges

Mostly proximal phalanges were retrieved during the 1984 excavation, but one medial and one distal
phalanx were also found. All foot phalanges of Apidima 3 are shown in SI-Figure 17. Complete
proximal phalanges are recorded as 53 8.4, S3 12.4, S3 23.1, and S3 24.1. One medial phalanx was found
and is recorded as S3 15.4, and one distal phalanx (right side, first row) has the ID 53 22.1. All phalanges
were retrieved in very good condition, with only minimal visible surface damage. Only the distal
phalanx S3 22.1 has minimal damage on the contours of the base and the distal tip, but the rest of the
bone is also very well preserved. The surfaces are covered by a thin layer of sediment crust in all bones,
but the thickness and granulation vary. The phalanges have no unusual characteristics, except for the
distal phalanx S3 22.1, which is characterized by severe osteoarthritic changes (see “Paleopathology,
Non-Metric Traits, and Skeletal Modifications" and Figure 7). Despite the osteoarthritic condition of S3
22.1, no signs of degenerative changes or pathologies were observed on the other phalanges.



SI-Figure 17. Phalanges pedis distalis of Apidima 3. All phalanges are shown in dorsal view with the
distal end pointing up.

53 23.1

MORPHOLOGICAL DESCRIPTION OF APIDIMA 4
All skeletal elements that could be identified as not belonging to Apidima 3 and were therefore assigned
to the second adult individual, Apidima 4, are presented in SI-Figure 18.

$9.1: Tibia (1)

The left tibia 59.1 is in an extreme state of fragmentation. All preserved morphological features are
damaged. Represented is a distal end fragment with a maximum length of 54.58 mm that includes the
lateral malleolus and a small portion of the anterior surface, as well as a small area of the distal articular
surface. The distal half of the diaphysis, with a maximum length of 141.85 mm, is preserved as several
small fragments that are agglomerated and connected by sediment but compressed into each other. The
most distal area shows some exposed trabeculae, and it refits with the distal end fragment. The
proximal half is preserved as a single, larger fragment with a maximum length of 229 mm. This
fragment includes features like the tibial tuberosity, the soleal line, and a small portion of the medial
condyle. Except for this remnant of the medial condyle, the tibial plateau is not preserved, and the
proximal fragment shows two major vertical cracks along its diaphysis. One more diaphysis fragment
with a maximum length of 51.17 mm is preserved and refits to the distal end of the posterior surface of
the proximal half fragment. Attached to the distal articular joint surface is the proximal end of a small-
sized mammal limb bone.

Due to the extreme fragmentary state of preservation and relatively thick sedimentary crust
that covers most bone surfaces, it is not possible to provide a more detailed morphological description
of the left tibia S9.1. This is unfortunate, especially because its association with the other human skeletal
remains that are registered as Apidima 3 is unclear. More specific explanations about the relationship
between the left tibia and the other lower limb remains are provided in the section “Burial



Taphonomy”. Still, it can be noted that in the left tibia, the anterior squatting facet seems to be absent,
while the presence of a very well pronounced squatting facet on the right tibia and the presence of
squatting facets on the tali have been observed. The soleal line appears prominent, and the shaft
generally seems to be very narrow compared to the right tibia. It is, however, difficult to provide a
reliable description of the true nature of bone morphology due to the severe state of bone compression
and fragmentation.

S26.1: Talus (r)

The second right talus is registered under the primary ID S26.1. Most morphological features are
damaged. Only the posterior subtalar facet and the talar trochlea are vastly intact, but little damage
around their margins is still present. The talar head is preserved only by a tiny remnant of the anterior
articular surface and by some trabecular architecture. The lateral malleolar articular surface is also just
partially represented. The lateral process and the entire medial aspect of the talus are not preserved.
The exposed internal bone structures are filled with solidified sediments. Direct qualitative and
quantitative comparisons to the tali of Apidima 3 were not possible due to high levels of bone damage.

$3 6.5: Lateral cuneiform (r)
We have identified S3 6.5 as a right lateral cuneiform that originated from the human remains of a
second adult individual based on its mismatching articulation with the right cuboid S3 10.4. A closer
look at the joint morphology revealed that S3 19.3 exhibits different outlines of its articular facets. The
distal articular facet of S3 6.5 has an elongated shape and appears wider compared to S3 19.3. Its
navicular articular facet, however, is shorter. Both the surface and the shape of the articular facet for
the intermediate cuneiform are rounder in S3 6.5, and its transition to the body of the lateral cuneiform
is less steep than in S3 19.3. The inferior aspect of the lateral cuneiform shows a narrow body that
originates from the inferior rim of the distal articular facet and continues posteriorly, where its shape
shows a step-like incision before the transition to the navicular articular facet. From the medial and
lateral point of view, this narrow body is longer in 53 19.3, and its transition to the navicular articular
facet is much more abrupt, whereas in S3 6.5, the transition begins more distally and appears more
oblique.

Both lateral cuneiforms have excellent bone preservation, but S3 6.5 exhibits some surface
damage on its medial aspect, particularly at the anterior and posterior margins.
It is interesting to note that the solidified sediment crust attached to the bone surfaces also exhibits
slight color differences. Sediment attached to S3 6.5 is preserved as a thicker and more granular crust
with a darker red-brown color than in 53 19.3.



SI-Figure 18. Skeletal elements of Apidima 4. S9.1 (I): Tibia in anteromedial view. S3 6.5 (r): lateral
cuneiform in view from the cuboid. 526.1 (r): Talus in plantar view.

Apidima 4




Supplementary Tables

SI-Table 1. List of Upper Palaeolithic specimens used as samples for the osteometric comparison with Apidima 3. The comparative data were obtained from

the reference publication of the respective specimen. If measurement values were available bilaterally, the average value of right and left was used for the

comparison with Apidima 3’s measurements.

Specimen Hu Rad Ul Fib Sex Culture Geography Reference
P . Czech . -
Dolni Véstonice 13 X X X X Male Gravettian Republic Sladek et al. 2000; Fewlass et al. 2019; Mittnik et al. 2016
Dolni Véstonice 14 X X X X Male Gravettian R(ej;;;}llic Sladek et al. 2000; Fewlass et al. 2019; Mittnik et al. 2016
Dolni Véstonice 15 x  x  x x  Male  Gravettian RS;ESI‘K Sladek et al. 2000; Fewlass et al. 2019; Mittnik et al. 2016
. . . Czech ,
Dolni Véstonice 16 X X X X Male Gravettian . Sladek et al. 2000; Fewlass et al. 2019
Republic
7y . . Czech ,
Dolni Véstonice 3 X X X Female Gravettian . Sladek et al. 2000
Republic
. Czech ,
Pavlov 1 X X X Male Gravettian . Sladek et al. 2000; Fewlass et al. 2019
Republic
Y , . Czech . .
Predmosti 1 Male Gravettian . Mallegni et al. 2000; Trinkaus and Ruff 2012
Republic
. , . Czech . .
Predmosti 10 Female Gravettian _ Mallegni et al. 2000; Trinkaus and Ruff 2012
Republic
. , . Czech . .
Predmosti 14 Male Gravettian . Mallegni et al. 2000; Trinkaus and Ruff 2012
Republic
y , . Czech . .
Predmosti 3 X Male Gravettian , Mallegni et al. 2000; Trinkaus and Ruff 2012
Republic
h
Predmosti 4 X X X X Female Gravettian RS;EZHC Billy 1975; Mallegni et al. 2000; Trinkaus and Ruff 2012
y . . Czech . .
Pfedmosti 9 Male Gravettian Mallegni et al. 2000; Trinkaus and Ruff 2012

Republic



Specimen Hu Rad Ul Fem Tib Fib Sex Culture Geography Reference
Abri Pataud 8 X Female Gravettian France Billy 1975
Cap-Blanc X X X X X Female  Magdalenian France Billy 1975; Trinkaus and Ruff 2012
Chancelade X X Male Magdalenian France Billy 1975
Cro Magnon 4306 X Male Gravettian France Villotte et al. 2020; Trinkaus et al. 2022
Cro Magnon Alpha X X X X X Male Gravettian France Villotte et al. 2020
Cro Magnon Beta X X X Female Gravettian France Villotte et al. 2020
Cro Magnon Gamma X X X X X X Male Gravettian France Villotte et al. 2020
La Rochette X X X Male Gravettian France Naumann and Harvati 2026
P3 - Abri Pataud 22 X X X Female Gravettian France Billy 1975
P5 - Abri Pataud 7 X X Male Gravettian France Billy 1975
Parabita 1 X X X Male Gravettian France Mallegni et al. 2000; Trinkaus and Ruff 2012
Parabita 2 X X X Female Gravettian France Mallegni et al. 2000; Trinkaus and Ruff 2012
Saint-C.-EII‘fnain-la- X X Female  Magdalenian France Billy 1975
Riviere
Oberkassel 1 X Male Magdalenian Germany Trinkaus and Ruff 2012; Orschiedt et al. 2017
Oberkassel 2 X X X X X Female  Magdalenian Germany Trinkaus and Ruff 2012; Orschiedt et al. 2017
Arence Candide 1 X Male Gravettian Italy Trinkaus and Ruff 2012



Specimen Hu Rad Ul Fem Tib Fib Sex Culture Geography Reference
Baousso da Torre 1 X X X X Male Gravettian Italy Villotte 2017
Baousso da Torre 2 X X X X X X Male Gravettian Italy Villotte 2017
Barma Grande 1 X X Male Gravettian Italy Mallegni et al. 2000; Trinkaus and Ruff 2012
. Churchill and Formicola 1997; Mallegni et al. 2000;
Barma Grande 2 X X X X Male Gravettian Italy Trinkaus and Ruff 2012
Barma Grande 6 X Male Gravettian Italy Trinkaus and Ruff 2012
Caviglione 1 X Female Gravettian Italy Trinkaus and Ruff 2012
Grotte des Enfants 3 X Female Gravettian Italy Mallegni et al. 2000
Grotte des Enfants 4 X X Male Gravettian Italy Mallegni et al. 2000; Trinkaus and Ruff 2012
Grotte des Enfants 5 X Female Gravettian Italy Mallegni et al. 2000
Grotte des Enfants 6 X Male Gravettian Italy Mallegni et al. 2000
Paglicci 25 X X X Female Gravettian Italy Mallegni et al. 2000
Romito 1 X X X X Female . . Italy Mallegni and Fabbri 1995
Epigravettian
Romito 3 X X X X X X Male . . Italy Mallegni and Fabbri 1995
Epigravettian
Romito 4 X X X X X X Female . . Italy Mallegni and Fabbri 1995
Epigravettian
Romito 5 X X X Female . . Italy Mallegni and Fabbri 1995
Epigravettian
Romito 6 X X X X X Male Italy Mallegni and Fabbri 1995

Epigravettian



Specimen Hu Rad Ul Fem Tib Fib Sex Culture Geography Reference

Villabruna 1 X X X X Male Epigravettian Italy Vercellotti et al. 2008
Sunghir 1 X Male Gravettian Russia Trinkaus and Ruff 2012
Eel Point 1 X Male Gravettian FJmted Schulting et al. 2005
Kingdom
) . United . . .
Paviland 1 X X Male Gravettian Trinkaus and Holliday 2000; Trinkaus and Ruff 2012

Kingdom



SI-Table 2. List of Upper Palaeolithic specimens used for the comparison with the stature estimate of
Apidima 3 presented in Figure 5. The comparative data were obtained from the listed reference
publications.

Specimen Sex Chronological Culture Geography Stature Reference
Group (cm)
Grotte des Trinkaus and
Femal EUP i Ital 164
Enfants 5 emale 8] Gravettian taly 6 Jelinek 1997
Abri g;tau‘i Female EUP Gravettian France 160.5 Billy 1975
Dolni Czech Trinkaus and
Femal EUP i 161.2
Véstonice 3 emate v Gravettian Republic 6 Jelinek 1997
Predmosti 10 Female EUP Gravettian Czech 162.5 Billy 1975
Republic
Predmosti4  Female EUP Gravettian Czech 165 Billy 1975
Republic
Cro-Magnon . .
’ Female EUP Gravettian France 166 Billy 1975
o . Trinkaus and
Paglicci3 ~ Female EUP Gravettian Italy 169.2 Jelinek 1997
Caviglione1 Female EUP Gravettian Ital 172.7 Trinkaus and
& Y ' Jelinek 1997
Parabita2  Female EUP Gravettian France 172.4 Trinkaus and
' v ‘ Ruff 2012
hi L.
Oberkassel 2 Female LUP Magdalenian Germany 147.1 Orsc zlgf; eta
Saint-
Germain-la- Female LUP Magdalenian France 155.3 Billy 1975
Riviere
Cap-Blanc  Female LUP Magdalenian France 157 Billy 1975
El Mirén Female LUP Magdalenian Spain 159.9 Carr;;cl)Set al.
Romito 4 Female LUP Epigravettian Italy 161.04 Mallegni and

Fabri 1995



SI-Table 3. List of Upper Palaeolithic specimens used for the comparison with the body mass estimate
of Apidima 3 presented in Figure 6. The comparative data were obtained from the listed reference
publications.

h logical B
Specimen Sex Chronologica Culture Geography ody Reference
Group mass (kg)
Arene Candide (IP) Male EUP Gravettian Italy 73.1 Trmkal;; f 2“ d Ruff
Baousso da Torre 1 Male EUP Gravettian Italy 78.1 Villotte et al. 2017
Baousso da Torre 2 Male EUP Gravettian Italy 73.1 Villotte et al. 2017
Barma Grande 2 Male EUP Gravettian Italy 81.1 Trmka;fna; d Ruff
. Czech Dockalova and
Brno 2 Male EUP Gravettian Republic 67 Vangata 2005
Tri Ruff
Cro Magnon 1 Male EUP Gravettian France 67.3 rmkagzlagd u
Cro Magnon Alpha  Male EUP Gravettian France 69.1 Trinkaus et al. 2022
Cro Magnon Beta ~ Female EUP Gravettian France 56.8 Trinkaus et al. 2022
Cro Magnon Male EUP Gravettian France 73 Trinkaus et al. 2022
Gamma
Dolni Véstonice 13 Male EUP Gravettian Czech. 69.5 Trinkaus and Ruff
Republic 2012
Dolni Véstonice 14 Male EUP Gravettian CZECh. 77.8 Trinkaus and Ruff
Republic 2012
Dolni Véstonice 16 Male EUP Gravettian Czechl 76.6 Trinkaus and Ruff
Republic 2012
Dolni Véstonice 3 Female EUP Gravettian Czech. 54.3 Trinkaus and Ruff
Republic 2012
Grotte-des-Enfants Male EUP Gravettian Ttaly 85 Trinkaus and Ruff
4 2012
Paglicci 25 Female EUP Gravettian Italy 59.7 Trmka;fna; d Ruff
Paviland 1 Male EUP Gravettian Unlted 72.4 Trinkaus and Ruff
Kingdom 2012
Tri Ruff
Veneri 1 Male EUP Gravettian France 75.7 rmkatzlz f ; dRu
Veneri 2 Female EUP Gravettian France 74.6 Trmkal;; f 2“ d Ruff
. Naumann and
La Rochette Male EUP Gravettian France 63.18 .
Harvati 2026
El Mir6n Female LUP Magdalenian Spain 59.6 Carrero et al. 2015
Sandalja 14050 Female LUP Epigravettian Croatia 59.2 Jankovic et al. 2012
Villabrunna 1 Male LUP Epigravettian Italy 66.2 Vercellotti et al. 2008
Oberkassel 1 Male LUP Magdalenian Germany 71.01 Orschiedt et al. 2017
Romito 4 Female LUP Epigravettian Italy 65.35 Mallegni and Fabri

1995



SI-Table 4. Osteometry of Apidima 3 — Brauer (1988) measurements of scapulae. All measurements
are in mm. Error (%) was calculated as 100*((X1-X2)/X2) with X1 being the larger value.

Measurement definitions by $313.2 S38.10 Difference Error
Brduer (1988) L (mm) (%)
supraspinous fossa breadth (M6) - 38.93 - -
acromial length (M10) - 43 - -
max coracoid length (M11) 38.8 - -
glenoid height (M12) 38.03 38.02 0.01 0.03

SI-Table 5. Osteometry of Apidima 3 — Brauer (1988) measurements of humeri. All measurements are
in mm. Error (%) was calculated as 100*((X1-X2)/X2) with X1 being the larger value.

Measurement definitions by Briuer (1988) 58 :3'1 S3R8 1 Diif;:;;lce E(I;Z;r
maximum length (M1) 298.75 302.47 -3.72 1.25
total length (M2) - 299.32 - -
prox. epiphyseal breadth (M3) - 46.5 - -
epicondylar breadth (M4) 52.5 55.6 -3.1 5.90
humeral head anteroposterior diameter (M9) - 38.7 - -
humeral head superoinferior diameter (M10) 40.7 419 -1.2 2.95
mediolateral breadth of trochlea (M11) 22.5 22.55 -0.05 0.22
mediolateral breadth of capitulum (M12) 16.4 16.4 0 0.00
width of distal articular surface (M12a) 38.9 38.95 -0.05 0.13
capitular height (M12c) 19.2 19.33 -0.13 0.68
trochlear depth (M13) 21.65 23.1 -1.45 6.70
width of olecranon fossa (M14) 24.86 23.6 1.26 5.34
depth of olecranon fossa (M15) 7.89 8.13 -0.24 3.04



SI-Table 6. Osteometry of Apidima 3 — Brauer (1988) measurements of radii. All measurements are in
mm.

Measurement definitions by Briuer (1988) > 57'2
maximum length (M1) 232
head-neck length (M1a) 31.43
parallel length (M1b) 227
height of articular circumference of radial head (M1d) 9.18
smallest circumference of the distal diaphyseal half (M3) 39
maximum mediolateral shaft diameter (M4) 15.19
breadth of carpal articular facet (M4b) 15.57
transverse head diameter (M4(1)) 19.8
transverse neck diameter (M4(2)) 10.05
smallest sagittal shaft diameter (M5) 10.5
sagittal head diameter (M5(1)) 19.44
sagittal neck diameter (M5(2)) 11.22
head circumference (M5(3)) 62
neck circumference (M5(4)) 40

mid-shaft circumference (M5(5)) 42



SI-Table 7. Osteometry of Apidima 3 — Brauer (1988) measurements of ulnae. All measurements are in

mm.

Measurement definitions by Brauer (1988)

S317.1
L

minimal circumference of distal diaphyseal portion (M3)

smallest circumference at the height of the ulnar tuberosity (M3b)
height of proximal articular surface (M5(1))

estimated height of humerus joint surface (M5 (2))

olecranon breadth (M6)

smallest olecranon breadth at the height of the trochlear notch (Mé6a)
depth of olecranon (M7)

greatest sagittal olecranon dimension (M7a)

smallest olecranon diameter (M7Db)

anteroposterior distance from coronoid process to dorsal shaft (M7d)
trochlear-notch height (M7(1))

olecranon height (M8)

anterior breadth of radial articular surface on coronoid process (M9)
breadth of radial notch (M9a)

height of radial notch (M9b)

dorsoventral shaft diameter (M11)

mediolateral shaft diameter (M12)

transverse diameter (M13)

anteroposterior diameter (M14)

35
52
35.76
27.67
23
15.26
23.5
21.6
17.87
30.65
22.24
17
10.5
16.5
10.9
14.57
12.04
18.04
20.75

SI-Table 8. Osteometry of Apidima 3 — Brauer (1988) measurements of capitates. All measurements

are in mm.

Measurement definitions by Brauer (1988) 53L6'6
maximum length (M1) 24.2
maximum breadth (M2) 15.58
maximum height (M3) 17.54
maximum breadth of capitate head (M5) 14.63
maximum height of distal articular facet (M7) 15.81

maximum breadth of distal articular facet (M8) 12.92



SI-Table 9. Osteometry of Apidima 3 — Brauer (1988) measurements of hamates. All measurements are
in mm.

Measurement definitions by 53 8.24
Briuer (1988) L
maximum length (M1) 19.28
maximum height (M3) 20.78
hamate body height (M4) 13.68
hamulus height (M5) 7.1
height of distal articular facet (M7) 10.96

SI-Table 10. Osteometry of Apidima 3 — Brauer (1988) measurements of femora. All measurements are
in mm. Error (%) was calculated as 100*((X1-X2)/X2) with X1 being the larger value.

Measurement definitions by Briuer (1988) 53 1LZ'16 53 1{2'15 Dlif:::?ce E(f;:;r
diaphyseal length (M5) 365 - - -
alternative diaphyseal length (M5a) 378 - - -
anteroposterior mid-shaft diameter (M6) 29.19 31.57 -2.38 8.15
mediolateral mid-shaft diameter (M7) 26.53 26.14 0.39 1.49
mid-shaft circumference (M8) 91 92 -1 1.10
mediolateral diameter of proximal shaft (M9) 34.29 33.67 0.62 1.84
anteroposterior diameter of proximal shaft (M10) 23.37 23.6 -0.23 0.98
Scc))izc;\;s:tﬁllcli;ameter of the shaft just above the 28.86 29.16 03 104
zi(gsllzze(illczl;ameter of the shaft just above the 03 347 017 0.53
upper epiphyseal length (M13) 84.16 - - -
proximal width (M13a) 88.1 - - -
anterior head and neck length (M14) 61.55 - - -
head length (M14b) 31.88 - - -
neck length (M14c) 28.6 - - -
vertical diameter of neck (M15) 27.29 - - -
anteroposterior diameter of neck (M16) 23.51 - - -
neck circumference (M17) 90 - - -
superoinferior head diameter (M18) 42.87 - - -
anteroposterior head diameter (M19) 40.69 - - -
head circumference (M20) 135 - - -
mediolateral breadth of epicondyles (M21) 76.29 76.28 0.01 0.01
anterior breadth of medial condyle (M21a) 42.11 41.13 0.98 2.38
anterior breadth of lateral condyle (M21b) 37.49 36.32 1.17 3.22

posterior breadth of medial condyle (M21c) 26.04 23.26 2.78 11.95



12.1 12.1 Diff E
Measurement definitions by Brauer (1988) 53 6 53 > Hrerence ot

L R (mm) (%)
condylar notch width (M21d) 19.48 19.07 0.41 2.15
posterior breadth of lateral condyle (M21e) 25.69 24.49 1.2 4.90
greatest dorsoventral length of lateral condyle (M23) 57.5 61.48 -3.98 6.92
greatest dorsoventral length of medial condyle (M24) 60.79 59.4 1.39 2.34
height of lateral condyle (M25) 35.58 36.16 -0.58 1.63

height of medial condyle (M26) 35.79 36.58 -0.79 2.21



SI-Table 11. Osteometry of Apidima 3 — Brauer (1988) measurements of tibiae. All measurements are
in mm.

Measurement definitions by Brauer (1988) > 11.1/1:;3 1213
lateral condyle-malleolar length (M1) 347.95
maximum length (M1a) 353.6
medial condyle-malleolar length (M1b) 348
bicyondylar breadth (M3) 68.55
breadth of the medial condyle (M3a) 30.5
breadth of the lateral condyle (M3b) 33
maximum sagittal diameter at level of the tibial tuberosity (M4) 46.05
sagittal diameter of medial condyle (M4a) 48
sagittal diameter of lateral condyle (M4b) 41.5
minimum transverse diameter of tibia at level of the tibia tuberosity (M5) -
mediolateral diameter of distal epiphysis (M6) 47.73
anteroposterior diameter of distal epiphysis (M?7) 34.3
anteroposterior mid-shaft diameter (MS8) 31.3
mediolateral mid-shaft diameter (M9) 18.75

mid-shaft circumference (M10) -

smallest diaphysis circumference (M10b) -



SI-Table 12. Osteometry of Apidima 3 — Brauer (1988) measurements of fibulae. All measurements are
in mm.

Lo $39.2/S312.18 S38.27/S312.12
Measurement definitions by Brauer (1988)

L R
maximum length (M1) - 341.32
maximum mid-shaft diameter (M2) - 16.5
minimum mid-shaft diameter (M3) - 10.6
mediolateral diameter (M3(1)) - 15.32
anteroposterior diameter (M3(2)) - 16.1
maximum proximal diaphyseal breadth (M4(1)) 28.43 -

maximum distal epiphyseal breadth (M4(2)) - 18.5



SI-Table 13. Osteometry of Apidima 3 — Brauer (1988) measurements of patellae. All measurements
are in mm. Error (%) was calculated as 100%((X1-X2)/X2) with X1 being the larger value.

Measurement definitions by Brauer S$312.17 S$312.9 Difference Error
(1988) L R (mm) (%)
patellar height (M1) 37.8 37.7 0.1 0.27
maximum patellar breadth (M2) 43.65 42.49 1.16 2.73
maximum thickness (M3) - 22.75 - -
articular height (M4) - 29.45 - -
breadth of medial articular facet (M5) - 18.31 - -
breadth of lateral articular facet (M6) - 23.96 - -

SI-Table 14. Osteometry of Apidima 3 — Brauer (1988) measurements of calcanei. All measurements
are in mm. Error (%) was calculated as 100*((X1-X2)/X2) with X1 being the larger value.

12.14 17. Diff E
Measurement definitions by Brauer (1988) 53 5317.3 1tierence rror
L R (mm) (%)
maximum length (M1) 72.25 72.43 -0.18 0.25
length between calcaneal tuberosity and the
72 7.94 78 1.1

cuboid articular facet (M1a) 68 67.9 0 5
medial breadth across the talar sustentaculum 396 38.66 0.94 513
(M2)
height of body (M4) 35.26 35.29 -0.03 0.09
maximum body height (M4a) 40.23 - - -
length of body (M5) 52.18 52.07 0.11 0.21
load arm length (M5a) 44.5 45.66 -1.16 2.61
height of the calcaneal tuberosity (M7) 38.54 39.7 -1.16 3.01
breadth of the calcaneal tuberosity (M8) 29.07 29.1 -0.03 0.10
length of the posterior articular surface for the o7 9709 0.09 033
talus (M9)
breadth of the posterior articular surface of the 2735 2881 146 534
talus (M10)

25.71 25.91 -0.2 0.78

cuboid articular breadth (M12)



SI-Table 15. Osteometry of Apidima 3 — Brauer (1988) measurements of tali. All measurements are in

mm. Error (%) was calculated as 100%((X1-X2)/X2) with X1 being the larger value.

Measurement definitions by Briuer (1988) S8 53'2 S3R8 . Diﬁfﬁ:ﬁ;‘ce E(f;ot;r
talar length (M1) 48.19 48.2 -0.01 0.02
maximum talar length (M1a) 54.76 55.1 -0.34 0.62
talar width (M2) 40.04 38.51 1.53 3.97
articular breadth (M2b) 39.34 39.39 -0.05 0.13
talar height (M3) 28.65 28 0.65 2.32
medial talar height (M3(1)) 29.56 28.96 0.6 2.07
length of trochlea (M4) 32.1 31.55 0.55 1.74
breadth of trochlea (M5) 25.49 24.84 0.65 2.62
posterior breadth of trochlea (M5(1)) 21.64 20.87 0.77 3.69
anterior breadth of trochlea (M5(2)) 27.15 26.5 0.65 2.45
lateral malleolar oblique height (M7) 28.19 27.79 0.4 1.44
head breadth (M10) 28.04 28.19 -0.15 0.53
head height (M11) 28.27 28.11 0.16 0.57
length of posterior articular surface for 28.8 i i i
calcaneus (M12)
breadth of posterior articular surface for .69 3239 03 0.93

calcaneus (M13)

SI-Table 16. Osteometry of Apidima 3 — Brauer (1988) measurements of naviculares. All
measurements are in mm. Error (%) was calculated as 100*((X1-X2)/X2) with X1 being the larger

value.
Measurement definitions by Brauer 53 6.4 $39.1 Difference Error
(1988) L R (mm) (%)
navicular breadth (M1) - 35.98 - -
navicular height (M2) 26.83 26.8 0.03 0.11
talar articular length (M3) 21.63 22.56 -0.93 4.30
talar articular height (M4) 26.6 26.59 0.01 0.04
articular length for cuneiforms (M6) - 33.13 - -
minimum thickness (M7) 6.45 7.11 -0.66 10.23
maximum thickness (M8) 19.6 18.88 0.72 3.81



SI-Table 17. Osteometry of Apidima 3 — Brauer (1988) measurements of cuboidea. All measurements
are in mm. Error (%) was calculated as 100%((X1-X2)/X2) with X1 being the larger value.

Measurement definitions by Brauer $318.6 S310.4 Difference Error

(1988) L R (mm) (%)
medial length (M1) 30.74 30.97 -0.23 0.75
lateral length (M2) 14.13 14.92 -0.79 5.59
cuboid height (M3) 22.43 22.45 -0.02 0.09

SI-Table 18. Osteometry of Apidima 3 — Brauer (1988) measurements of medial cuneiformia. All
measurements are in mm. Error (%) was calculated as 100*((X1-X2)/X2) with X1 being the larger
value.

Measurement definitions by Brauer = S319.2 S319.1 Difference Error
(1988) L R (mm) (%)
inferior length (M1) 21.76 21.62 0.14 0.65
middle length (M2) 18.71 18.68 0.03 0.16
superior length (M3) 24.36 24.55 -0.19 0.78
proximal articular height (M4) 17.45 17.88 -0.43 2.46
distal articular height (M5) - 28.43 - -
proximal height (M6) 21.15 21.66 -0.51 241
distal height (M7) 29.75 29.59 0.16 0.54

medial cuneiform breadth (M8) - 16.68 - -



SI-Table 19. Osteometry of Apidima 3 — Brauer (1988) measurements of intermediate and lateral
cuneiformia. All measurements are in mm.

S319.3 S3 6.5 S3 8.12
Measurement definitions by Briuer (1988)
lateral - R lateral - R intermediate - L
superior length (M1) 20.6 21 15.47
superior middle breadth (M2) 12.73 13.45 16.06
distal breadth - lateral cuneiform only (M3) 13.48 14.05 -
proximal breadth - lateral cuneiform only (M4) 12.44 12.24 -

SI-Table 20. Osteometry of Apidima 3 — Brauer (1988) measurements of metatarsalia. All
measurements are in mm.

Measurement definitions S$39.4/S311.2 S39.3 S36.2 S3 20.2 S311.6
by Briuer (1988) MT2-R MT3-L MT2-L MT4-L MT1-L

metatarsal length (M2) 70.75 - - - -
mid-shaft breadth (M3) 7.72 6.56 - - -
mid-shaft height (M4) 7.92 8.14 - - -
proximal breadth (M6a) 13.69 12.21 14.23 11.62 -
height of MT 1 (M7) - - - - 26.52
maximum height (M7a) 21.5 19.21 - 17.14 -
proximal articular height i
(M7b) 20.44 18.93 16.87 25.46
distal epiphyseal breadth

11.7 - - - -
(M8a) >
distal articular breadth

10.2 - - - -
(M8Db) 0-29

distal height (M9a) 14.3 - - - -



SI-Table 21. Osteometry of Apidima 3 — Brauer (1988) measurements of phalanges pedis. All

measurements are in mm.

Measurement definitionsby ~ S3124  $324.1 S38.4 S315.4 $3231  S322.1
Brauer (1988) prox, R prox,R  prox, R intermediate, R prox., R distal, R
phalanx length (M1) 241 21.09 18.93 12.3 22.08 -
articular length (M1a) 24.6 21.34 19.77 12.06 22.8 -
mid-shaft breadth (M2) 6.8 5.92 6.09 6.56 7.15 -
proximal max breadth (M2a) 12.62 11.52 11.67 9.52 13 -
distal max breadth (M2b) 9.1 8.31 9.82 8.51 9.69 -
mid-shaft height (M3) 6.2 5.74 55 4.42 6.96 -
proximal height (M3a) 11.63 10.24 10.03 8.51 11.56 -
distal height (M3b) 5.57 5.76 6.12 4.76 6.93 -
SI-Table 22. Osteometry of Apidima 3 — Brauer (1988) measurements of metacarpalia and phalanges
manus. All measurements are in mm.
Measurement definitions by 0302.1 S121 S10.1 S31.1
Briuer (1988) prox., pos. 1, R prox., R prox., R prox., R
metacarpal length (M2) - - - -
phalanx length (M3) - - 30.22 37.22
mid-shaft breadth (M6) - 8.57 7.61 8.55
proximal breadth (M8) - - 13.48 13.54
distal breadth (M9) 13.1 11.01 9.25 10.94
mid-shaft height (M7) - 6.01 5.23 6.22
proximal height (M10) - - 9.18 10.21
distal height (M11) 8.68 6.83 5.82 6.88
Measurement definitions by S36.3 S311.3 S3194 513.1
Brauer (1988) prox., L prox. prox. intermediate, L
metacarpal length (M2) - - - -
phalanx length (M3) 36.14 40.24 - 26.5
mid-shaft breadth (M6) 9.08 9.13 - 8.59
proximal breadth (MS8) 15.96 14.95 15.28 12.06
distal breadth (M9) 11.75 11.73 - 9.98
mid-shaft height (M7) 6.25 6.43 - 4.74
proximal height (M10) 10.79 10.8 10.76 9.38
distal height (M11) 741 6.82 - 6.06



Measurement definitions by S3125 S312.6 S$312.7 S314.1
Bréuer (1988) intermediate, L  intermediate, L  distal, R distal
metacarpal length (M2) - - - -
phalanx length (M3) 24.17 26.45 17.28 16.56
mid-shaft breadth (M6) 7.3 8.45 5.18 4.12
proximal breadth (M8) 12.89 12.39 10.75 9.82
distal breadth (M9) 9.36 10.17 7.14 5.97
mid-shaft height (M7) 498 5.06 428 3.7
proximal height (M10) 8.86 8.89 6.24 6.41
distal height (M11) 5.5 5.29 3.36 3.6
Measurement definitions by S10a.1 S16.1 S36.1 8325.1
Bréuer (1988) distal distal MC3-L MC1-L
metacarpal length (M2) - - 63 41.76
phalanx length (M3) 17.81 17.09 - -
mid-shaft breadth (M6) 5.44 474 7.79 11.43
proximal breadth (M8) 11.49 10.87 12.6 15.22
distal breadth (M9) 8.14 7.03 14.35 14.89
mid-shaft height (M7) 4.34 3.7 7.86 6.8
proximal height (M10) 6.9 6.78 15.51 14.65
distal height (M11) 3.82 3.48 12.9 12.66
Measurement definitions by $320.3 S38.14 S38.13
Brauer (1988) MC2-R MC4-L MC2-L
metacarpal length (M2) - - -
phalanx length (M3) - - -
mid-shaft breadth (M6) 8.01 6.83 7.33
proximal breadth (M8) - 9.88 13.89
distal breadth (M9) - - -
mid-shaft height (M7) 7.22 591 7.68
proximal height (M10) - 12.14 13.17

distal height (M11)



SI-Table 23. Osteometry of Apidima 3 — Brauer (1988) measurements of vertebrae. All measurements

are in mm.

Measurement definitions by

Briuer (1988) S37.3 S38.3 S38.15 S318.5 S38.9 S38.6
anterior height (M1) 11.1 11 12.78 - 17.86 14.42
posterior height (M2) 11.82 12.34 13.6 - - 16
superior anteroposterior diameter (M4) 14.87 16.66 16.92 - 21.92 17.66
inferior anteroposterior diameter (M5) 14.76 17.64 17.3 - 22.72 18
superior transverse diameter (M?7) 23.12 - 30.32 24.44 25.22 -
inferior transverse diameter (M8) 19.32 - 29.29 - 26.34 -
middle transverse diameter (M9) - - - - 23.9 -

Measur;ﬁ‘ﬁ:ﬁi;‘;ﬂﬁons by S387  S388 S3816  S3121

anterior height (M1) 16.18 16.95 - -
posterior height (M2) - - - -
superior anteroposterior diameter (M4) 18.46 - - -
inferior anteroposterior diameter (M5) - 20.99 - -

superior transverse diameter (M?7)
inferior transverse diameter (M8)

middle transverse diameter (M9)



Additional Supplementary Figures

SI-Figure 19. Comparative osteometry of Apidima 3’s humerus length measurements. Information
and references about the comparative data used in this figure are provided in SI-Table 1.
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SI-Figure 20. Comparative osteometry of Apidima 3’s humerus measurements. Information and
references about the comparative data used in this figure are provided in SI-Table 1.
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SI-Figure 21. Comparative osteometry of Apidima 3’s radius length. Information and references about
the comparative data used in this figure are provided in SI-Table 1.
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SI-Figure 22. Comparative osteometry of Apidima 3’s radius measurements. Information and
references about the comparative data used in this figure are provided in SI-Table 1.
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SI-Figure 23. Comparative osteometry of Apidima 3’s ulna measurements. Information and references
about the comparative data used in this figure are provided in SI-Table 1.
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SI-Figure 24. Comparative osteometry of Apidima 3’s femur measurements. Information and
references about the comparative data used in this figure are provided in SI-Table 1.

1251 = Apidima 3
* Female
Male
100
|
751

measurement (mm)

s>
<G>

Y

M6 M7 M8 M9 M10 M15 M16 M17 M18 M19



SI-Figure 25. Comparative osteometry of Apidima 3’s tibia length measurements. Information and
references about the comparative data used in this figure are provided in SI-Table 1.

B Apidima3
® Female
Male
450
S
§400-
et
c
[<})
S
[4}]
| .
=2
7))
0 350
)]
(S
300

M1 M1a



SI-Figure 26. Comparative osteometry of Apidima 3’s tibia measurements. Information and references
about the comparative data used in this figure are provided in SI-Table 1.
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SI-Figure 27. Comparative osteometry of Apidima 3’s fibula length measurements. Information and
references about the comparative data used in this figure are provided in SI-Table 1.
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SI-Figure 28. Comparative osteometry of Apidima 3’s fibula measurements. Information and

references about the comparative data used in this figure are provided in SI-Table 1.
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