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Abstract

Qafzeh 9 is an almost complete skeleton commonly employed as representative of the
population of the eponymous site. However, its biological profile is still largely based on the
age at death and sex estimation methods in use at the time of its discovery. Moreover, post-
mortem damage to the skeleton has made difficult the observation of some morphoscopic
features, particularly pelvic ones currently used in sex estimation.

Here, we apply recent methods and paleoimaging to re-evaluate the biological profile of
Qafzeh 9, taking into account post-mortem damage. The results suggest a young age at death,
indicating that Qafzeh 9 died before reaching complete dental and bone maturity; they also
support a male sex assignment.
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1. Introduction

The period between 220-45 ka B.P. is crucial for understanding the evolution and dispersal of
early anatomically modern humans from Africa, especially in Southwestern Asia (Bar Yosef
2000). In this context, Qafzeh Cave in Lower Galilee (Israel) is of particular interest
(Vandermeersch and Bar Yosef 2017) with regard to its anthropological documentation.
Dated to 92 £ 5 ka B.P. (Schwarcz et al. 1988; Valladas et al. 1988), the site yielded a unique
sample of individuals (Vandermeersch 1981; Tillier 1999; Tillier 2014) that represent all age
classes from perinatal to adulthood. In addition, the site provides evidence for unique Middle
Palaeolithic funerary practices, the presence of engraved artefacts and the use of ochre and
marine shells (Vandermeersch 1969a, b; Tillier 1995; Hovers et al. 1997, Hovers et al. 2003;
Bar Yosef Mayer et al. 2009).

Qafzeh 9 was discovered together with a child ca. 6 yrs old at death (Qafzeh 10) in a double
burial found during the third excavation season (Vandermeersch 1969). As it is one of the
most complete skeletons, Qafzeh 9 is often used as the “type” of the Qafzeh group. However,
partly due to post-mortem distortions, the biological profile of Qafzeh 9 has sometimes been
questioned, primarily its sex. Various analyses favoured identification as a female
(Vandermeersch 1981; Brizek and Vandermeersch 1997) or probably female (Trinkaus
1984). Vandermeersch (1981) used several pelvic morphological features such as the
Schultz's ischio-pubic index (Schultz 1930), the opening of the sciatic notch, the cotylo-sciatic
width as well as the subpubic angle. Finally, Vandermeersch (1981) noted the general level of
gracility of the cranial and infracranial skeleton. The pelvic morphologic observations were
later confirmed in a metric and statistical study (Brizek and Vandermeersch 1997).

A number of researchers supported a male diagnosis, based on other pelvic morphoscopic
features (Rosenberg 1986; Rosenberg et al. 1988; Rak 1990; Frayer et al. unpublished). For
example, Rak (1990) drew attention to the similarities with contemporary male pelves,
quoting several indices calculated from measurements taken on the pubis and ischium that lie
within the range of male variation. For Rosenberg (1986: 114), several characters of the
hipbone "leave little doubt that it is a male specimen”. In particular, she pointed to the
morphology of the ischio-pubic rami, the absence of ventral arch and the concavity of the
lower pubic ramus. She also noted that the index determined from the length of the pubis in
relation to the diameter of the femoral head squared was completely outside the range of
female variation (Rosenberg et al. 1988). Furthermore, in her doctoral dissertation, Rosenberg
mentioned an unpublished study conducted by Frayer and colleagues (n.d.) that suggested the
young age of the individual could be the reason for the overall gracility of the skeleton. Later,
these authors also identified Qafzeh 9 as a male (Frayer et al. 2006: 1999, note 10).
Coqueugniot et al. (2000) also suggested a male assignment, based on the mandibular ramus
posterior flexure.

These differing sexual diagnoses can, in fact, be partly explained by the young age at death of
Qafzeh 9, "at the limit between adolescence and adulthood” (Vandermeersch 1981:49), but
also by the distortions of the pelvic bones due to post-mortem processes and sediment weight

(Fig.1).

Despite the first study indicating a young age at death, Qafzeh 9 is often described as an adult
(e.g. Ponce de Leon and Zollikofer, 2001; Vandermeersch and Bar-Yosef, 2009; Schwartz
and Tattersall, 2010; Quam et al. 2011; Franciscus and Holliday, 2013), or with an age at
death of 20-21 years (Rak, 1990).
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Given the number of differing interpretations of the biology of the Qafzeh 9 specimen, we
propose to re-evaluate its age at death and sex employing recently developed methods.

2. Material and methods

Qafzeh 9 is housed at the Department of Anatomy and Anthropology, Sackler Faculty of
Medicine, Tel Aviv University. In order to re-evaluate the biological parameters of this fossil,
we examined the original bones and used radiographs and micro-CT scans (Coutinho
Nogueira 2019). Micro-CT-scans of the Qafzeh 9 mandible (isometric voxel size of 80 um)
and skull (voxel isometric voxel size of 200 um) were employed to estimate its dental age at
death. Micro-CT slices and 3D reconstructions were analyzed using TIVMI® software
(Dutailly et al., 2009; Guyomarc’h et al., 2012) based on the HMH (Half Maximum Height)
algorithm (Spoor et al., 1993). A plain X-ray of the mandible was also used for observing of
the degree of calcification of the teeth.

2.1.Age at death estimation

Several sources of information can be used for estimating the age at death of Qafzeh 9. The
dental age of Qafzeh 9 was re-evaluated from micro-CT images and radiographs according to
the charts of tooth formation stages developed by Moorrees et al (1963), AlQahtani et al
(2010) and Esan (2017), studies involving population samples from different continents. Only
complete teeth preserved in the alveolar bone are included in the analysis, as post-mortem
damage may bias the observations. It is not possible to observe and score the complete dental
series of Qafzeh 9, which excludes the methodological approach proposed by Demirjian et al.
(1973).

Skeletal age and infracranial bone maturation were evaluated following the practical criteria
of developmental osteology published by Coqueugniot and Weaver (2007) and Coqueugniot
et al. (2010). The estimation was calculated by the BAE package (Bayesian Age Estimation
for Anthropological Purposes, v. 1.3.1) in R and with the MACROS ARCHEO software
(Coqueugniot et al. 2018). In addition, radiographs of the two hand bones were employed to
evaluate ossification of the metacarpal heads and fusion of the phalangeal epiphyses; the age
at death estimation is given according to Birkner (1978) and Scheuer and Black (2000).

Previous paleopathological studies carried out on the Qafzeh 9 infracranial bones (Dastugue
1981; Arensburg et al. 2006) did not reveal any conditions that might involve a change in
maturation rate. Minor bone growth disorders were detected on the mandible (Coutinho
Nogueira et al. 2019).

2.2.Sex estimation

It is primarily pelvic morphology that provides a reliable sex estimation. We use the method
of Probabilistic Sexual Diagnosis version 2 that takes into account hip bone measurements
(Brizek et al. 2017). Measurements were taken on the Qafzeh 9 hip bones housed in Tel Aviv
and then by other observers on a high quality cast at the PACEA laboratory (University of
Bordeaux). Because of the plastic deformations suffered by the fossil, two of the authors
(DCN and HC) as well as three other observers familiar with the DSP2 method took
measurements to account for inter-observer error. No instructions were given to the observers
concerning the management of distortions.

We also applied the methodological approach employed by Klales and colleagues for adults
and non-adults individuals (Klales et al., 2012; 2017) adapted from Phenice (1969) and based
on a small number of pelvis morphological features.

3
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Finally, as the talus and calcaneus of Qafzeh 9 are well preserved, we applied discriminant
function equations recently developed for paleocanthropological purposes and sex assignment
by Alonso-Llamazares and Pablos (2019). Dimensions of the left bones were used
preferentially.

3. Results
3.1.Age at death estimation from dental maturation

The micro-CT slices allowed a precise visualization of tooth development, especially the most
advanced stages of root apex closure. The observations were performed on the left side of the
mandible and maxilla, the alveolar bone being less affected by post-mortem processes. The
two permanent incisors, the first premolar and the first mandibular molar with complete
maturation were scored Ac (apical closure complete), according to the stages listed by
Moorrees et al (1963). Two mandibular teeth, the canine and the second premolar, have roots
whose apex is not completely closed; they are scored A%z (Apex half closed). As the roots of
the second and third molars are affected by post-mortem damage, and the underlying alveolar
bone is no longer present, M2 was scored as between Rc (root length complete) and Ac and
M3 was scored Rc in order to provide a minimal stage of development. The roots of the two
maxillary premolars are complete (Fig.2).

Accurate observations on the plain X-ray of the mandible show the taphonomic damage on
the lower part of the mandibular body and the uncertainties concerning the apex
opening/closure of M2 and M3 roots (Fig.3). Tooth formation stages are given in table 1.

The method of Moorrees et al (1963), based solely on mandibular teeth, provides a broad
estimation of the age at death, around 14.5 by combining the two sexes (12-14.5 for a female
individual and 13.5-15.5 for a male individual). Clearly, the lower limit of this variation,
based on the non-closure of the canine and 2nd premolar root apex, underestimates the age at
death of the individual. Including upper premolars and reference to the tables of AlQahtani et
al. (2010), the minimal estimation is 14.5 years. If we exclude the canine and 2nd premolar,
whose stage of development could be influenced by the quality of our images (micro-CT
scan) compared to the radiographs used for developing the two methods, we can only propose
a minimal age of 13.5 according to Moorrees et al (1963) and at least 17.5 according to
AlQahtani et al. (2010).

The WITS Atlas of tooth formation and emergence (Esan 2017) gives an age estimation
ranging between 14.5 and 16.5 years. If we exclude the canine and the 2" premolar, a
minimal age of 15.5 years can be proposed. As the WITS Atlas only provides a mean age for
the M3 occlusion, maturation stage of M3 was not considered.

3.2. Bone maturation and age at death

X-ray examination of the Qafzeh 9 hand bones permits an evaluation of ossification stages.
The distal phalanges of left digits 1 to 4 and that of the right digits 1 and 3 show evidence of
an endochondral ossification line. The status of some proximal phalanges is more difficult to
evaluate due to the normal shape of the proximal articular facet of the base as illustrated by
the right third digit (fig.4).

In modern populations, the completion of hand bone osseous development occurs between 13
and 14.5 for the female sub-adults; 13 and 16.5 for the male ones (Birkner, 1978; quoted by
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Scheuer and Black 2000). As the visibility of a fusion line can persist radiographically after
full fusion, these observations provide a minimal age of 13 for Qafzeh 9.

The scoring of bone fusion of other infracranial remains was carried out taking into account
their state of preservation. Stages of fusion are given in table 2.

Ossification of Qafzeh 9 lower limbs appears more advanced than that of the upper limbs.
Some epiphyseal fusion is complete on the lower limbs while still in progress on the upper
limbs. For example, the distal and proximal extremities on the left tibia are fused while the
distal end of the ulna is still clearly in the process of fusion (Fig.5)

The BAE package (Coqueugniot and Weaver 2007) estimates the age of Qafzeh 9 between 18
and 21 years with a higher probability for 19 years (p=0.557).

The MACROS software (Coqueugniot et al. 2018) estimates the age of Qafzeh 9 between
18.5 and 20.3 years (estimate: 19.4195; Mean Error: 1.843811; Pseudo R?: 0.8592267) from a
sample of 211 individuals.

The results between the BAE package and the MACROS software are therefore similar with
an estimated age around 19 years, the range being slightly smaller with MACROS.

From the results, it appears that Qafzeh 9 died before reaching complete bone maturity,
however epiphyseal union was ongoing before death; in this context we can expect to sex the
skeleton with some degree of reliability.

3.3. Sex estimation

For sex estimation, we first examined the coxal bones and the DSP2; the results including
inter-observer variation are summarized in table 3:

For all observers, a reasonable conclusion is a male with a probability of more than 95%. The
test with the maximum and minimum values of each variable also results in a male sex
identification. Adding or removing the two less discriminating variables, SIS and VEAC,
slightly alters the probabilities of observers 2 and 3, increasing the probability of a male
result.

The results of macroscopic methods (Klales et al 2012, 2017) adapted from Phenice (1969)
are summarized in table 4.

In Klales et al (2012) ordinal scores range from 1 (female) to 5 (male). In Klales et al (2017)
ordinal scores range from 1 (female) to 3 (male). The VA is not scored on non-adults. Our
observations confirm Rosenberg’s (1986) descriptions concerning the subpubic concavity and
ventral arc. However, due to taphonomic distortions, we do not score the medial aspect of the
ischio-pubic ramus. Overall, the results are consistent with a male assignment.

Of the 24 discriminant equations using the tarsal bones tested on Qafzeh 9, 18 give a male
result and 6 a female result, i.e. 75% male and 25% female. Taking into account only the
multivariate equations that have a slightly higher rate of an accurate determination on
average, 91.6% of the equations give a male result (Table 5).

From the application of three methods of sex estimation, we thus obtain a male attribution for
Qafzeh 9.
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4. Discussion

The cross-checking of the different methods of age at death estimation provide an age
estimation comprised between 18.5-20.5 years old (Table 6). Indeed, this range age is
provided by all used methods. However some differences can be noted between the different
methods.

There may be several reasons for the differences between methods. Age estimation methods
are population-dependent and lose precision when they are applied to other populations
(Franklin 2010). The collection studied by Moorrees et al (1963) consisted of 346 North
American children who lived in the 20th century. The London Atlas proposed by AlQahtani et
al. (2010) refers to truly documented samples and radiographs from dental institutes: 704
individuals from the 18th to the 20th century (children from England and Bangladesh). The
recent study reported on 540 South African children (Esan 2017) provides evidence of
discrepancies with the London Atlas established by AlQahtani and colleagues. However, there
are some inconsistencies in the ages of M3 eruptions in this work, so the estimations should
be taken with caution.

The dental ageing developed by Moorrees et al. (1963) refers to radiographic observations.
We have established our analysis on three types of images: a classical X-ray, a radiograph
made from a micro-CT scan and on micro-CT sections directly. The plain X-ray of Qafzeh 9
mandible shows the opening of the canine apex. The microtomodensitometric sections allow a
finer observation of the apex of the second premolar and its scoring. In the case of Qafzeh 9,
the method of observation could have influenced the scoring, and under estimate the age when
using the canine and the 2" premolar maturation stages.

The age estimation based on the third molar maturation is significantly different using either
Moorrees et al (1963) or AlQahtani et al (2010) charts. The reasons for this could be different
maturation rates between populations. Indeed, Liversidge (2008) noted that Southern African
have significant faster maturation rates for the third molar than White and Bangladeshi
children. A similar observation was noted by Blankenship et al (2007) with Black Americans
having faster maturation rates compared to White Americans, and Legovi¢ et al (2010)
discussed differences in maturation between Croatian children and those of several other
populations (Sweden, Japan, South Africa, Israel, Turkey, etc.). In a comparative study of
dental development in Upper Pleistocene hominins (Neanderthals/archaic Homo sapiens and
Early Modern/Upper Paleolithic samples) and two recent samples, Tompkins (1996:113)
underlined “similarities between the two fossil groups and Southern Africans in advanced
relative M2 and especially M3 development” compared to French-Canadians. Regarding
Qafzeh 9, the M3 is fully erupted, while the lower canine and second premolar have roots
whose apex is not completely closed. Besides population differences, sex, health status and
diet have also to be considered in the variation of third molar development and eruption (Garn
etal. 1961, Garn et al 1965).

The parameters from the definition of ossification stages (Coqueugniot and Weaver 2007;
Coqueugniot et al 2010) are implemented after the study of the Coimbra documented
collection in Portugal (137 individuals aged between 7 and 29 years old from the 20th
century). Accuracy of age estimation from skeletal development is thought to be more
sensitive to environmental factors (Lewis and Garn 1960; Liversidge et al 1998; Cardoso
2007; Colombo et al 2013). In addition, as for the use of dental references, bone maturation
criteria originate from current populations and might therefore lead to slight discrepancies in
age estimations of prehistoric populations having different lifeways.
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Based on a combination of the results brought by examination of tooth and bone
development, it appears that Qafzeh 9 was an individual who had not achieved full skeletal
and dental maturity at the time of death. An average of between 18.5 and 20.5 years at the
time of death would appear to be most reasonable.

The application of the DSP2 method provides some discrepancies between the measurements
made by different observers, due in part to post-mortem distortions of the pelvic bone. Yet all
results favour identification as a male. Sex estimation methods based on pelvic parameters
defined on recent populations has already been tested on early modern humans. Indeed, the 1%
version of the DSP (Murail et al 2005), using the same variables as for the DSP2, was applied
to European Upper Palaeolithic and Mesolithic adult hominins (Gambier et al 2006; Hansen et
al 2017); in the case of the Danish study, molecular analyses confirmed the sex estimation
following the DSP2 (Hansen et al op. cit.). Interestingly, sex estimation based on pelvic
morphology applied to young Upper Palaeolithic individuals (same age class as Qafzeh 9)
from Dolni Véstonice (Brizek 2002; Brizek et al., 2006) has also been confirmed by DNA
data (Mittnik et al. 2016). The 3D reconstruction methods do not currently permit the
correction of these distortions; the measurements are dependent on the interpretation of the
observers, even if the 5 observers are familiar with the method. It is therefore advisable to
exercise caution and to cross-validate the DSP2 with other methods, both on the pelvis and on
other anatomical regions.

The methods adapted by Klales et al (2012; 2017) for adult and non-adults result in the
identification of Qafzeh 9 as male, supporting the results of the DSP 2. The discriminant
equations developed on the posterior tarsal bones (Alonso-Llamazares and Pablos 2019) are
established from a Northern American recent population (United States). Again, their
application to fossil specimens may be subject to discussion. The biomechanical constraints
on the foot bones of current sedentary populations are different from those of ancient nomadic
peoples. Nevertheless, 75% of the equations result in the identification of Qafzeh 9 as a male,
a percentage that rises to 91.6% when the equations include several variables. In cases where
the results were negative and therefore female, the values are always close to 0 (between -
0.521 and -0.0032), while the positive results are in some cases much higher than 0 (between
0.419 and 2.59). This would appear to give greater weight to the identification as male. Sexual
dimorphism of tarsal bones is strongly correlated with size, with male individuals having
larger bones (Steele 1976; Introna et al. 1997; Bidmos and Asala 2003, 2004). If the
maturation of Qafzeh 9 was not fully achieved, measurements taken on the bones would then
be underestimated. Higher values would increase the results of the equations.

The results and observations based on metric and morphologic analyses of the pelvis and
tarsal bones presented here suggest Qafzeh 9 was a male, in agreement with previous
publications on the pelvis (Rosenberg 1986, 1988; Rak 1990; Frayer et al. 2006) and on the
mandible (Coqueugniot et al 2000).

It is widely accepted that the pelvic morphometrics furnish the best indications of sex. Yet, a
few traits of Qafzeh 9 skull do not clearly align it with other Qafzeh adult hominins (6 and 25)
who were referred to as male using the general cranial robusticity (Vandermeersch 1981,
Schuh et al., 2017, Coutinho Nogueira et al. 2021). The age reached by Qafzeh 9 cannot
constitute an argument for interpreting the morphology of the skull distinct from that of other
Qafzeh males, ignoring post-mortem alterations (Tillier in preparation). Such results lead to
a reconsideration of the importance previously given to skull features in female sex
determination of Qafzeh 9, as in those of many other fossil hominins. As a consequence, the
choice of Qafzeh 9 as the “holotype”(type specimen) can be challenged regarding the mixture
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of traits and the differences with other Qafzeh male individuals. These observations affect the
homogeneity of the Qafzeh sample.

Conclusion

While the discovery of new fossils is crucial for the understanding of the evolutionary
processes of our species, the re-examination of previously discovered fossils with new
methods can provide valuable information.

The sex identification of the Qafzeh 9 skeleton has been debated in the literature. It was even
suggested that the Qafzeh 9-10 double burial represented a mother and her baby buried
together soon after their death during or just after childbirth (Cohen, 2003:29). Qafzeh 9 was
later nicknamed Eve (Waddell, 2015). The application of improved methods based on
biological identity parameters provides evidence that in fact this individual was a male with
an age at death estimated between 18.5 and 20.5 years.

Certainly, a paleogenetical investigation, using SRY gene detection (Sinclair et al. 1990) or
DNA shotgun sequencing (Skoglund et al., 2013), might support male sex assessment based
on morphometric traits. Unfortunately, at the present time, genetic studies on the Qafzeh
hominin sample, as well as those of other hominins from Southwest Asia, have to confront
technical problems due to the biochemical preservation of the bones and thus require some
improvements of the methods. It might be also possible in the future to use enamel proteins,
which may preserve ancient biogenetic data more effectively than DNA, to more confidently
confirm sex assignment (Parker et al 2019; Welker et al 2020).
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575  Figures and captions

576

577
578  Fig.1 Qafzeh 9 bony pelvis (Anne-marie Tillier)
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Fig.2: CT sections showing the dental roots of Qafzeh 9 (white circles indicate taphonomic
alterations) (Dany Coutinho Nogueira)

Fig.3: Plain X-ray of Qafzeh 9 mandible showing the bone damage under the second and third
molars (Anne-marie Tillier)
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595

Fig. 4: Radiographs of the left (A) and right (B) metacarpals and phalanges of Qafzeh 9.
Arrows show endochondral lines indicating the very end of ossification of distal phalanges
(Anne-marie Tillier)

Fig.5 Distal extremities of the left tibia and ulna showing different degrees of bone maturation
(Dany Coutinho Nogueira)
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596  Tables
Mandible Age in years Mandible Age in years
(Moorrees et al 1963) gemny (AlQahtani et al 2010) gemny
tooth stage Females Males tooth stage combine sex
11 Ac >6 >6.5 11 Ac >8.5
12 Ac >7 >7.5 12 Ac > 8.5
C Al/2 8-12 9.5-145 C Al/2 11.5-145
P1 Ac >10 >11 P1 Ac >12.5
P2 Al/2 9.5-145 |10-155 P2 Al/2 11.5-15.5
M1 Ac >7 >7.5 M1 Ac >95
M2 Rc to Ac 9-18 9.5-18 M2 Rc to Ac >14.5
M3 Rc 14-21 13.5-205 M3 Rc >17.5
Maxilla (AlQahtani et al
2010) Age in years
tooth stage combine sex
P1 Ac >13.5
P2 Ac >13.5
597
598 Table 1: tooth formation stages and age estimation according to Moorrees et al (1963) and
599  AlQahtani et al (2010)
600

Right Left
Os Coxae
[lium-Pubis F /
Upper Ischium-Pubis / /
Lower Ischium-Pubis / /
Iliac crest F F
Ischial Tuberosity F F
Anterior inferior iliac spine / TF
Sacrum

Medial Sacral Segments 1_2 /

Lateral Sacral Segments 1_2 / /
Posterior Sacral Segments 1 2 / /
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Medial Sacral Segments 2_3

Lateral Sacral Segments 2_3 / F

Posterior Sacral Segments 2_3 / /

Medial Sacral Segments 3_4

Lateral Sacral Segments 3 4 / F

Posterior Sacral Segments 3 4 / /

Medial Sacral Segments 4 _5

Lateral Sacral Segments 4 5 / /

Posterior Sacral Segments 4 5 / /

Scapula-Clavicle

Coracoid process / /

Acromion / /

Sternal End NF NF
Upper Limb

Humerus Head / F

Humerus Medial Epicondyle / TF

Humerus distal End / /

Radius Proximal End / /

Radial Distal End F F

Ulna Proximal End /

Ulna Distal End F F
Lower Limb

Femur Head / TF

Femur Greater Trochanter / F

Femur Lesser Trochanter / F

Femur Distal End TF /

Tibia Proximal End / TF

Tibia Distal End / TF
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Fibula proximal End

Fibula Distal End

Calcaneus Posterior End F
601
602  Table 2: Maturation stages of Qafzeh 9 infracranial bones following parameters proposed by
603  Coqueugniot and Weaver (2007). NF: Non fused; F: Fusing; TF: Totally fused; /:
604  unobservable
605
Female Male
Obs PUM | SPU [ DCOX | IIMT [ ISMM | SCOX | SS SA SEX
probability | probability
Obs 1 original | 62.80 | 28.00 | 201.00 | 33.33 | 101.15 | 155.00 | 78.41 | 78.82 | 0.001 0.999 Male
Obs 1 cast 61.30 | 26.60 | 201.00 | 34.80 | 101.50 | 155.00 | 78.90 | 78.40 | 0.001 0.999 Male
Obs 2 62.40 | 26.90 | 194.00 | 28.10 | 99.20 | 153.00 | 65.40 | 76.50 | 0.016 0.984 Male
Obs 3 59.00 | 23.40 | 197.00 | 36.00 | 97.00 | 155.00 | 78.00 | 73.00 | 0.026 0.974 Male
Obs 4 58.80 | 26.50 | 194.00 | 26.90 | 101.20 78.90180.10 | 0 1 Male
Obs 5 57.94 | 25.30 | 192.00 | 38.84 | 104.50 76.70 | 79.80 | 0.001 0.999 Male
max 62.80 | 28.00 | 201.00 | 36.00 | 104.50 | 155.00 | 78.90 | 80.10 | O 1 Male
min 57.94 | 23.40 | 192.00 | 26.90 | 99.20 | 153.00 | 65.40 | 76.50 | 0.007 0.993 Male
606
607  Table 3: Results of the DSP v2 achieved by five observers and inter-observer variation. Pelvic
608 variables are defined in Briazek et al (2017). Abbreviations: PUM (M14)- Acetabulo-
609  symphyseal pubic length (Brauer, 1988); SPU- Cotylo-pubic width (Gaillard, 1960); DCOX
610 (M1)- Innominate or coxal length (Briuer, 1988); IIMT (M15.1)- Greater sciatic notch height
611  (Brauer, 1988); ISMM- Ischium post-acetabular length (Schulter-Ellis et al., 1983); SCOX
612 (M12)- Iliac or coxal breadth (Briuer, 1988); SS- Spino-sciatic length (Gaillard, 1960); SA-
613  Spino-auricular length (Gaillard, 1960); SIS (M14.1): Cotylo-sciatic breadth (Brauer, 1988);
614 VEAC (M22):Vertical acetabular diameter (Brauer, 1988)
615

20




616

617

618

Klales et al. (2012),

Klales et al. (2017)

adults non-adults
SPC (subpubic concavity) 4 (left) and 5 (right) 3
MA (medial aspect of the distorted distorted
ischio-pubic ramus)
VA (ventral arc) 5 -

Male Male

Table 4: Ordinal scores using the two Klales methods for adult and non-adult individuals

discriminant equations Results Estimated
sex
CM1 x 0.216-17.003 -0.371 F
CM3 x 0.471-12.259 0.5522 M
CM5 x 0.263-14.977 -0.3542 F
CM09 x 0.465-13.755 1.125 M
CM10 x 0.681-14.669 1.8112 M
CM3 x 0.219 + CM9 x 0.238 + CM10 x 0.297 - 19.260 1.5002 M
(stepwise)
CM1 x 0.020 + CM3 x 0.210 + CM5 x 0.032 + CM9 x 0.199 + 1.2442 M
CM10 x 0.265 - 20.568
CM1 x 0.040 + CM3 x 0.207 + CM9 x 0.209 + CM10 x 0.267 - 1.3318 M
20.528
CM1 x 0.065 + CM3 x 0.235+ CM9 x 0.242 - 18.511 0.63 M
CM5 x 0.057 + CM9 x 0.302 + CM10 x 0.327 - 19.206 1.5406 M
CM9 x 0.348 + CM10 x 0.358 - 18.014 1.7856 M
M1 x 0.390-20.567 -0.521 F
M2 x 0.430-17.491 2.59 M
M4 x 0.533-17.620 -0.1376 F
M6 x 1.103-9.276 1.754 M
M9 x 0.249-8.021 -0.0032 F
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M12 x 0.540-16.753 0.419 M
M13 x 0.687-14.629 2.1338 M
M1 x 0.177 + M6 x 0.279 + M12 x 0.226 + M13 x 0.210 - 0.8333 M
23.155 (stepwise)

M1 x 0.205 + M12 x 0.226 + M13 x 0.201 - 22.138 0.4082 M
M4 x 0.212 + M12 x 0.246 + M13 x 0.279 - 20.569 1.0574 M
M1 x 0.245 + M12 x 0.289 - 21.939 -0.2538 F
M6 x 0.476 + M13 x 0.623 - 17.265 2.4582 M
M6 x 0.418 + M12 x 0.497 - 18.934 0.8416 M

619

620 Table 5: The discriminant equations of Alonso-Llamazares and Pablos (2019) applied to
621  Qafzeh 9 ankle. Talus and calcaneus measurements were defined by Martin and Saller (see
622  Braler 1988).

623
13 | 135 | 14 12" 15 13‘ 16 1? 17 |175| 18 | 185 | 19 | 195 | 20 | 205
upper premolars and lower teeth (1)
dental age lower teeth (2)
upper premolars and lower teeth (3)
Hand bones (4)
long bones and pelvis (5)
Bone long bones and pelvis (6)
maturation ulna (distal end, fusing) (5)
radius (distal end, fusing) (5)
tibia (distal end complete fusion) (5)
624

625 Table 6: Comparison of ranges of individual age estimates according to different methods (1-
626 AlQahtani et al. 2010; 2- Moorrees et al. 1963; 3- Esan 2017; 4- Birkner 1978; 5-
627  Coqueugniot and Weaver 2007; 6- Coqueugniot et al. 2018)
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