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ABSTRACT: In bioarchaeological practice, many different approaches and methods of sex estimation in archaeological
skeletal specimens are in use. We compare three common approaches from archaeology, physical anthropology, and
molecular anthropology to investigate the sex of an individual.

The Merovingian graveyard of Gotha-Boilstidt in Central Germany dates from the 6" to the 8" century C.E. There
is archaeological evidence of early Christianity, however, many objects also indicate the existence of other notions
towards an afterlife. Altogether, 45 burial features contained human remains, in some cases there were multiple burials
or remains of older disturbed burials within one grave pit. In total, 52 individuals from inhumation graves were
investigated. Among them, 10 were subadults below 14 years, six were juveniles (14-20 years), and 36 were adults
above 20 years. Based on the grave goods, the sex (gender) of 20 individuals could be assessed, identifying 13 females,
including one subadult individual, and seven males. Employing the methods of physical anthropology, it was possible
to estimate the sex of one subadult individual (rather male), four juveniles (three probable males and one probable
female) and 32 adults (12 males, and 20 females). For aDNA investigation, the preservation of six individuals did not
allow any sampling and, therefore, these six individuals had to be excluded from further analysis. Among the remaining
46 individuals, the preservation of nuclear aDNA was mostly good, only in six individuals was extraction of aDNA not
possible. For one of the subadult individuals, it was not possible to determine the sex, the others were four males and
five females. The sex of only one juvenile individual could not be determined by aDNA, bringing the determination up
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to five male and one female juvenile in total. Among the adults, 12 males, 20 females, and 5 individuals with
indeterminable sex were identified. Several differences between the archaeological, anthropological, and genetic sex
estimations were identified during the investigation. These matches and differences form the topic of this paper.

KEY WORDS: Early Medieval burials - Central Germany - Morphological sex estimation - aDNA investigation -
Genetic fingerprinting - Multiplex X/Y-PCR - Archaeological gender evaluation

PREAMBLE

Sex estimation of skeletal remains is one of the main
topics of any anthropological analysis. In many cases,
the estimation using morphological features of the
skeleton, especially the pelvic bone and the skull, is
easy and delivers clear results. However, this is not
always the case. The methods of sex estimation of
subadult skeletons are not uncontroversial and, even in
the best case, they only deliver a tentative estimation,
not a clear result. Even in adults, commonly, the
preservation of the skeleton prevents any sex
estimation. In other, less common cases, the
morphological secondary sexual features of the
skeleton are not distinct enough. In some further,
indeed rare cases, the morphology may provide
misleading information, unbeknownst to the observer,
until other methods are applied for the investigation.
Here, the method of choice is, of course, the genetic
investigation. The human DNA bears clear answers as
to whether an individual is genetically male or female,
without any doubt. Of course, there are rare cases of
misfit between the genetic determination and the
phenotypic pronunciation of biological sex. However,
these are not to be confused with endocrine-induced
or psychology- or culture-based gender diversity. And,
since the beginnings of archaeological science, there
have always been efforts to establish a connection
between the archaeological characteristics of a burial
- grave goods, position of the skeleton, size and shape
of the grave pit or other attributes - and the sex.
Maybe, in this case of acculturation and perception of
the individual, these attributes should rather be
considered to represent the gender of the buried
individual. These efforts delivered mixed results;
however, they were never accepted without doubt and,
if possible, always involved crosschecking with
biological anthropology. In the present study (this
study is based on a full scale investigation of the burial
ground, for full results see Novacek in Tannhiuser ed.,
in print), we have had the uncommon opportunity to
combine all three of these approaches. To date, a full-
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scale morphological investigation of a skeletal series,
combined with a complete genetic investigation of all
suitable individuals, is still not an everyday occurrence.
It is especially rare in early medieval burial grounds,
where grave goods are commonly found and their
affiliation to both sexes is well-documented, and,
therefore, the evaluation of sex (or gender) of the
deceased is possible by the means of archaeology. With
this paper, we hope to contribute to the current, lively
discussion on sex/gender topics in the past. With this
contribution, we want to honour the memory of one
of the leading researchers on the anthropological sex
estimation using the pelvic bone, whose methods
involving the incisura ischiadica maior, arc composé,
and sulcus praeauricularis became the standard within
the canon of the methodological spectrum, Vladimir
Novotny.

INTRODUCTION

When working on burial sites, two levels of
investigation, the archaeological and the anthropological,
have to be considered first. However, only the
combination of the results of both allows us to
approach the burying group and, further on, the
historical population of a particular era and region.

"How does the cemetery date? To which archaeological
culture can it be assigned? Is there a recognisable
occupation sequence? Are there grave goods? Can
social differences between the buried be read from the
grave goods?" are some of the basic archaeological
questions that need to be answered. First of all, the
burial site of a particular individual is examined in
order to assess the burial ground or at least its
excavated section in a second step. Anthropology
focuses on the buried individual first - what was the
age-at-death and what sex can be estimated? Are
pathological or other features of interest recognisable
in the skeleton? - in order to subsequently develop
demographic models. In this contribution, we compare
three common approaches to sex estimation in
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archaeological skeletons, which are based on skeletal
morphology, genetic analyses, and the archaeological
context.

Physical anthropology conducts morphologic
assessment of skeletal features, mainly of the pelvic
bones and the skull, although to some degree there are
sexual dimorphism in any bone of the skeleton (e.g. in
ribs, Iscan 1985), or uses metric analyses of distinct
bone dimensions or indices. The pelvic bone differs
between males and females for biological reasons: the
female pelvic bone is adapted to giving birth (cf. Uhl
2018). The human birth process is among the most
difficult ones known, due to a combination of the large
neonatal brain and the upright, bipedal stature of the
mother (cf. Aiello, Dean 2002). The development of
methods on sex estimation from the pelvic bone dates
back to the beginnings of anthropology. Already in the
19 century, most of the guidelines were known (cf.
Turner 1886). The modern methods are summarised
in countless compilations on physical anthropology
(e.g. Ferembach er al. 1980, Dobisikova 1999, Grupe
et al. 2015, or Rosing et al. 2007), and forensics (e.g.
Iscan, Steyn 2013, Krishan ez al. 2016). They are based
on just as countless investigations by countless
scholars, such as Acsadi and Nemeskéri (1970),
Brooks and Suchey (1990), Bruzek (1991, 2002),
Lovejoy et al. (1985), Novotny (1979, 1982, 1986) and
many others. The strength of the sex estimation from
the pelvis is based directly on the connection not only
to general biology, but also especially to the functional
aspects. The female pelvis is built to give birth, while
the male pelvis is not, no matter from which time
period or geographic area the investigated humans
originate. Nevertheless, at the same time, this
constitutes the main weakness of the approach. It is
well known (see any of the aforementioned
investigations and compilations) that pelvic
morphology ranges along a continuous scale between
hyper-feminine and hyper-masculine with a rather wide
section of overlap. The same can be said about the
other, second most valuable skeletal structure in
concern of the sex estimation, the skull. Here too, the
skull-based sex estimation methods used today are
based on investigations dating to the beginnings of
anthropology itself (e.g. Broca 1875) and can be found
in the aforementioned standards of anthropological
investigation methods. Among the scholars who
contributed to the development of these methods, not
all, not even all the most important ones can be named,
but just to mention a few important works, e.g. Acsadi
and Nemeskéri (1970), Borovansky (1936), Broca

(1875), Howells (1973), and many others. A major
difference to the sex estimation based on the pelvis is,
however, the non-functional origin of the sexual
dimorphism of the skull. This makes the sexual
dimorphism of the skull a subject of ethnical or genetic
variation, and, thus, makes it less unbiased compared
to sexual dimorphism estimation from the pelvic bone.
The physiology and biomechanics of human childbirth
are always the same, regardless of the ethnicity or other
attributes of the mother (cf. Kainer 2021). In case of
the skull-based sex estimation, it is necessary to know
the morphological variation of the investigated
population (cf. Dobisikova 1999) and the estimation
is more susceptible to wrong results.

Another major topic of morphological sex
estimation is its application to subadult skeletons. Until
the development of secondary sexual traits in the
skeleton during puberty, there are only few differences,
which are controversial. The method by Schutkowski
(1993), one of the most commonly utilised ones, shows
differing levels of reliability depending on the
population (cf. Irurita Olivares and Aleman Aguilera
2016), making it too unreliable to use without a positive
control, such as via DNA analysis. Other modern
methods (e.g. Luna ef al. 2020 and Monge Calleja et al.
2020) are promising, but still need verification on
a large sample of skeletal remains with known sex or
with an unassailable proof (DNA) of their validity on
different populations.

Genetic investigations analyse the X- and Y-
chromosomal sequences in the nuclear DNA of the
individual, and, therefore, it is the only way of
determining sex in subadult skeletons. Howeyver, it is
limited by its invasive nature.

Since the invention of the PCR (polymerase chain
reaction) by Saiki e al. (1985) and Mullis and Faloona
(1987), the discovery of ancient DNA (aDNA) in the
1980s (e.g. Padbo 1985), and the first application of
genetic fingerprinting on skeletal material by Jeffreys
etal. (1992), various methods to investigate the
molecular genetic sex have been developed. Initial
proof of biological sex was based on the analysis of
specific fragments on the Y-chromosome (e.g.
Hummel, Herrmann 1991) and repeat structures in the
non-coding regions of Y-chromosomal DNA (Butler
2005). Subsequent studies focusing on the molecular
sex determination investigated the length polymorphism
between the X-chromosomal and the Y-chromosomal
amelogenin gene (e.g. Sullivan ef al. 1993, Stone et al.
1996, Lassen ef al. 2000). Howeyver, this method does
not allow for a positive sex identification of female
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individuals, since the absence of the Y-allele in the
amelogenin locus can either be a sign of two X-
chromosomes (female) but can also be the result of an
allelic dropout event of the Y-chromosome. The latter
would subsequently lead to a false sex identification of
male individuals. For this reason, it was pointed out
shortly after the initial description that amplification
of the amelogenin locus alone is not sufficient to
perform reliable sex determination and that extensional
or alternative methods ought to be developed
(Mannucci et al. 1994, Santos et al. 1998, Brinkmann
2002). Nevertheless, the amelogenin gene is still used
for molecular sex determination today in both,
anthropological as well as forensic contexts and is
included in several commercially available kits for
genetic fingerprinting.

Over the years, different authors proposed to
combine the amelogenin gene-based method with the
investigation of Y-chromosomal short tandem repeats
(Y-STRs) (e.g. Santos et al. 1998, Steinlechner ef al.
2002). Some authors such as Honda ez al. (2000) or
Schmidt etal. (2003) went one step further. By
combining the amelogenin marker with Y-STRs and X-
chromosomal STRs (X-STRs), these authors attained
a positive sex identification of both, male and female
individuals.

The use of next generation sequencing, which not
only complements PCR-based analyses but
unquestionably greatly enriches them, especially with
regard to evolutionary questions, also allows the sex of
an individual to be read from the bioinformatically
processed data (e.g. Skoglund ez al. 2013, Mittnik et al.
2016). However, if the genetic analysis is aimed
exclusively at sex determination, as is the case, for
example, in regular anthropological findings for
individuals from historic and prehistoric burial sites,
the PCR-based approach is still the tool of choice due
to its comparatively low complexity.

A new and completely alternative way of molecular
sex determination is represented by an analysis strategy
from the proteomics field (e.g. Rebay-Salisbury et al.
2020, Gasparini et al. 2022). A comparative study by
Buonasera efal. (2020) on sex determination on
historical skeletal material seems to suggest that this
approach may prove particularly promising.

The archaeological estimation of sex (or rather
gender) is usually based on grave goods or other
indicators of burial rite, such as the shape or size of
the grave pit, or the position of the body in the grave.
It requires a knowledge of the culture of the buried
population and, of course, the presence of diagnostic
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grave goods. However, even the most profound
knowledge of the material culture cannot
unambiguously exclude an exception to the rule. There
is an extensive discussion on the role of biology and
the biological sex in the lived and felt gender, and,
today, the obvious necessity to distinguish between the
biological sex and socially and culturally defined
gender goes without saying (cf. e.g. Fausto-Sterling
2020) in modern contexts. However, gender
archaeology still works on the question, to what degree
these concepts are to be adapted in case of
archaeological populations. From ethnological studies,
a wide variety of cultural notions of gender is known,
ranging from hardly any difference in perception of
males and females, up to cultures hiding their pregnant
women away, as the men are not allowed to know
where the babies come from (cf. Corazza, Ropa 2018,
Gottner-Abendroth 2022, Miickler 2009 and others).
This is an extreme range with any other variations in-
between, depending, among others, on religious beliefs,
familial and social structures, cultural traditions,
economic systems and other aspects (cf. e.g. Beer et al.
2017, Loimeier 2021). Most of these are usually either
not known, or at least not completely clear in
prehistoric populations and from archaeological
context, they can be only partly reconstructed. This
opens a wide variety of possible misinterpretations. An
example: the most likely interpretation of a female
grave with weapons would be that this woman did use
the weapons herself, either to fight or otherwise, just
as anybody else did. The interpretation of weapons as
male grave attributes has been repeatedly proven "not
as simple as that" (cf. Effros 2000, Gértner 2017,
SimniSkyte 2007). But there are further possibilities
and interpretations. An excellent example is an old,
puzzling find of a morphologically female skeleton with
a sword from Suontaka (Finland), who later turned out
not to be a female after all, but a male with Klinefelter
syndrome (cf. Moilanen et al. 2022). In a thorough
discussion of this case, the authors bring up many
aspects which should be considered in such
interpretation, as we do not know the traditions and
closer circumstances, beginning with the idea of the
"non-binary" person being fully accepted by the society,
up to cruel scoff towards a socially excluded male, for
instance due to infertility. An expensive evil joke, to put
a sword in his grave, surely, but do we really know?
Hence, archaeological gender assessment allows us, to
some degree, to address the aspect beyond the
biological sex, namely the perception of the individual
by itself and its society. However, the danger of
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FIGURE 1: Localisation of the site Gotha-
Boilstadt. a, position of Thuringia in Central
Germany; b, cities of Thuringia with Gotha
(circle); ¢, map of Gotha with the location of the
excavation site (point, adjusted TopPlus-Web-
Open - BKG, Ch. Tannhduser, graphics
H. Kiinzel, TLDA).
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interpreting our own ideas and cultural imprint into
another context is omnipresent and should not be
underestimated.

MATERIALS AND METHODS

Prior to the construction of the Gotha-Sundhausen
bypass between 2012 and 2013 a full archaeological
survey of the construction site was conducted. On
a small hillside, called Hammelhog, not far from the
Gotha district of Boilstadt (Figure 1), a multi-period
burial ground was discovered. The majority of the
documented grave finds date to the late Merovingian
period with an estimated two-thirds of the early
medieval cemetery being recorded. The occupation
begins with graves from the end of the 5" century,
reaches its peak in the 6™ and 7 century and ends in
the 8™ century. The remains of a total of 54 human
individuals were documented in the 44 Merovingian
burials. Four of the graves were horse burials. The
cemetery was used by the inhabitants of a settlement
that was likely located nearby. Although excavations
along the planned bypass revealed a settlement site
about one kilometre away, it only dates up to the 4%/5t%
century. Settlement features from the late Merovingian
period have not been discovered yet in the area. These
results make this site one of the large cemeteries of this
period, which is of high importance for the history of
Thuringia, as it became a part of the Frankish Empire
at that time. For this reason, it has been decided to
conduct a thorough, interdisciplinary investigation
(Tannhiuser, in print). Among the burials were two
remains from cremation burials (Feature 1, ind. 2 and
Feature 76, ind. 3), which are not considered any
further in this study, as these were only incomplete
admixtures within other graves, without any sex-
specific morphological elements, any grave goods and
any aDNA preservation, making them irrelevant for
the topic of the present study. The morphological age-
at-death and sex estimation was carried out on all the
individuals. The completeness of the remains and the
preservation of the bone tissue varied, so that in the
case of some burials, no skeletal remains were suitable
for sampling for genetic analysis. From 48 of the 52
Merovingian individuals from Boilstddt samples could
be included for ancient DNA (aDNA) extraction. The
equipment of the graves was also variable, from richly
furnished burials to burials completely bare of any
grave goods, so that an archaeological evaluation of the
sex was only possible for 20 individuals.
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MORPHOLOGIC INVESTIGATION

The skeletal preservation was recorded according
to the standards by Scheelen et al. (2015), considering
three aspects of preservation: A = the completeness of
the skeleton, B = the state of erosion of the surfaces,
and C = the state and consistency of the bone tissue.
Each category has six degrees, from the best
preservation (degree 1) up to extreme incompleteness,
surface erosion, and disintegration (degree 6).

For anthropological age-at-death, the recommended
standard methods of macroscopic age estimation were
used (see Ferembach et al. 1980, Grupe er al. 2015,
Iscan, Steyn 2013, Résing et al. 2007, Stloukal et al.
1999, Szilvassy 1988). Age-at-death estimation in
subadult and juvenile individuals was based on the
scheme of tooth eruption by Ubelaker (1989), the
length measurement of long bones according to
Stloukal, Hanakova (1978) and Johnston (1962), the
measurements of the postcranial skeleton according to
Florkowski, Kozlowski (1994), the tables of ossification
centres according to Schwartz (1995) and the closure
of growth plates according to Brothwell (1981). The
evaluation of the development and ossification of the
non-adult skeleton was carried out according to the
recommendations of Scheuer, Black (2000). In adults,
the age-at-death estimation based on the ossification of
the palatal sutures was carried out using the methods
according to Mann (Mann et al. 1987, Mann et al.
1991) with consideration of the suggestions in the test
of this method according to Ginter (2005). Changes
in the facies symphysialis ossis pubis were assessed
according to Brooks, Suchey (1990), Nemeskéri et al.
(1960) and Gilbert, McKern (1973). The morphology
of the facies auricularis was assessed according to
Lovejoy etal. (1985) and Buckberry, Chamberlain
(2002). If the sternal rib ends were suitably preserved,
the method according to Iscan e al. (1984, 1985) was
used for age-at-death estimation. The estimated age-at-
death data were grouped into standard anthropological
age-at-death categories (cf. Herrmann et al. 1990) for
the statistical analysis: Infans I (0-6.9 years), Infans II
(7-13.9 years), Juvenis (14-19.9 years), Adultus (20-
39.9 years), Maturus (40-59.9 years), and Senilis
(from 60 years on).

For sex estimation of adult skeletons, macroscopic
features of the skull and pelvis (if available) were
predominantly used (Acsadi, Nemeskéri 1970,
Ferembach et al. 1980, Phenice 1969, Rosing et al.
2007, Stloukal eral. 1999). In addition to the
morphological assessment, long bone examination
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according to Cerny, Komenda (1980), length
measurements of the os pubis and os ischii according
to Herrmann et al. (1990), metric examination of the
talus according to Steele (1976) and Novotny,
Malinovsky (1985) as well as metric examination of
the femur according to Cerny (1971) were used if the
pelvis and/or the skull were not sufficiently preserved
or informative. Depending on the degree of expression
of diagnostic features (Ferembach efal. 1980), an
individual was estimated to be "male or female" (M/F,
more than * 18 total score), "probably male or female"
(M>F/F>M, between + 11-17 total score), "rather male
or female" (M>F/F>M, between = 5-10 total score) or
"unidentifiable” (M=F, less than + 4 total score).
Morphological sex estimation on subadult skeletons
was carried out using the method based on the
mandible and ilium according to Schutkowski (1993).
As this assessment does not achieve as high a precision
or accuracy, as the sex estimation in adults, the
classification was reduced to "probably male or female"
(M>F/F>M, both aspects consistent), "rather male or
female" (M>F/F>M, one aspect male/female, other
aspect indifferent) or "unidentifiable” (M=F, both
aspects indifferent or contradictory). Unfortunately,
there were no suitably preserved individuals <5 years
age-at-death for the sex estimation on the facies
auricularis ossis ilii using the methods of Luna et al.
(2020) and Monge Calleja et al. (2020). In juveniles,
as a "transition" of gradually developing secondary
sexual dimorphism, both approaches (Schutkowski
1993 and Ferembach er al. 1980) were adapted. Sulcus
praeauricularis was assessed according to Novotny
(1979) and Briizek (1991).

All these morphological investigations were conducted
by one investigator (JN).

MOLECULAR INVESTIGATION

For the genetic sex determination of the individuals
from Boilstddt, a Multiplex X/Y-PCR was used. In
order to increase the probability of a positive detection
for female individuals (heterozygosity in an X-STR
system), the original Multiplex X/Y-PCR (Schmidt
etal. 2003) was modified and extended. In the
optimized form used in this study, three X-STRs as well
as three Y-STRs are used along with the amelogenin
marker. In addition to the advantage of positive
detection of female individuals, the increase of STR-
markers leads to an increase in authentication potential
in terms of contamination monitoring. The increase in

authentication potential is due to the fact that the
optimized Multiplex X/Y-PCR is close to STR-based
genetic fingerprinting (Butler 2005), i.e. the likelihood
that two individuals reveal the same typing result is low.
Additionally, all samples from Boilstadt as well as all
staff and investigators were genetically fingerprinted
with the Heptaplex-PCR (Seidenberg et al. 2012) consisting
of autosomal STRs.

In the Multiplex X/Y-PCR, female individuals are
not only determined by the absence of Y-chromosomal
amplification products (amelogenin marker and Y-
STRs), but in addition, due to the high heterozygosity
of the examined X-STRs, it can be expected that at least
one of the three amplified X-STRs shows two alleles
demonstrating positively the presence of two X-
chromosomes. In male individuals, one single amplification
product for each of the X- and Y-STRs in addition to
the X- and Y-allele in the amelogenin locus are present.
Even in the case of an allelic dropout of the Y-
chromosomally localized amelogenin, male individuals
can be genetically distinguished from females by the
presence of the Y-STRs. Therefore, the Multiplex X/Y-
PCR is a powerful and reliable tool for molecular sex
identification.

DNA Extraction

After sampling suitable skeletal material from each
individual (cf. Table 4), possible contaminations were
removed by a treatment with a sodium hypochlorite
solution (Kemp, Smith 2005). The aDNA was
extracted following the protocols described by
Frischalowski et al. (2015) and Flux et al. (2017).
Physical breakdown by grinding the skeletal material
in a ball triturator (Retsch) was followed by a chemical
lysis and digestion. Due to the large amount of humic
acids present in the skeletal elements, the lysate was
first purified using an organic extraction. Subsequently,
the aDNA was extracted using a vacuum- and silica-
based system. Multiple independent extracts were
generated for each individual.

The detailed protocol for sample preparation and
DNA extraction is as follows:

The sampling was performed using a hand drill
(Dremel®Multi™) with a diamond saw blade (Horico).
All samples were incubated for 10-15 minutes in 6 %
sodium hypochlorite solution (Aug. Hedinger GmbH
& Co. KG, Stuttgart, Germany) to remove possibly
adhering contaminations from the bone surfaces,
followed by rinsing with bi-distilled water. Afterwards,
the samples were dried over night at 30 °C, then
crushed roughly with a steel mortar and milled with
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a ball triturator type MM 200 (Retsch) to a fine
powder. The following lysis steps were performed
under constant rotation of the samples. 250 mg of the
powdered sample material was incubated with 3900 uL
EDTA (0.5 M, pH 8.0, Invitrogen™) and 100 uL
proteinase K solution in Tris/HCI (pH 7.5, 0.01 mol/L,
600 mAnson-U/mL, Merck) for 18 h at 56 °C.
Afterwards, an additional lysis step was performed by
adding 50 pL sodium dodecyl sulphate (10 mg/mL,
Sigma-Aldrich®, incubation for 5 min at 65 °C) to the
suspensions. The remaining solid substances were
pelleted by centrifugation in a bench-top centrifuge
(Type 5430R, Eppendorf) at 3300 rcf for 3 min.
Approximately 4000 uL of the supernatant were
rotated in approximately 3000 uL of phenol (Carl Roth
GmbH + Co. KG) for 6 min at room temperature and
afterwards incubated at 56 °C for 10 min for phase
separation. The organic phases were removed, then
approximately 4500 uL chloroform (Carl Roth GmbH
+ Co. KG) were added. A rotation was performed for
6 min at room temperature. For phase separation, the
samples were incubated at 56 °C for 10 min. 3500 uL.
of the supernatants were transferred to a 17.5 mL
Buffer PB (Qiagen). The subsequent DNA extraction
and purification steps were performed with
MinElute™ spin columns (Qiagen) via the QIAvac-
System (Qiagen) following the manufacturer's
protocol. Three washing steps using 700 uL Buffer PE
(Qiagen) and a 5 min incubation time each were
performed. The MinElute™ spin columns were dry-

TABLE 1: Primer-sequences of the Multiplex X/Y-PCR.

spun for 1 min at 13000 rpm in a top-bench centrifuge
(Type 5415 R) and transferred to a 2 mL collection
tube. Three elution steps with 20 uL ultrapure water
(RNAse-Free Water, Qiagen) each (5 min incubation
at 56 °C) including centrifugations for 1 min at 13000
rpm were performed to obtain a total elution volume
of 60 uL. The DNA extracts were stored frozen. All
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FIGURE 2: Schematic visualization of the allele range of
the loci amplified in the Multiplex X/Y-PCR. The length of
the coloured bars indicates the fragment length ranges the
investigated systems can occupy. The only exception is the
amelogenin locus, as only two specific products are
generated: 86 bp for the X-chromosomal and 92 bp for the
Y-chromosomal amelogenin allele. Furthermore, 6-FAM
(blue), HEX (green) and NED (yellow) represent the
fluorescent dyes linked to the respective primers of the
different systems. (Graphics J. Mazanec).

Primer Primer-sequences (5" to 37) Dye label allele-range (bp)
Amelogenin, upper CCTGGGCTCTGTAAAGAATAGTG 6-FAM X: 86
Amelogenin, lower AGCTGATGGTAGGAACTGTAAAAT Y:92
DYS392, upper CAAGAAGGAAAACAAATTTTTI 6-FAM 91-121
DYS392, lower GGATCATTAAACCTACCAATC
DYS438, upper GAATAGTTGAACGGTAAACAGTATATTT HEX 77-117
DYS438, lower GAGTGAAACTCCATTTCAAATAGAA
DYS439, upper GGAGACAGATAGATGATAAATAGAAGAT NED 87 - 107
DYS439, lower ACCATCATCTCTTTACTTATACTTTCTATC
DXS6789, upper GTTGGTACTTAATAAACCCTCTTTI NED 120 - 164
DXS6789, lower GGATCCCTAGAGGGACAGAA
DXS9898, upper CACACCTACAAAAGCTGAGATATA HEX 130 - 155
DXS9898, lower CATCCAGATAGACAGATCAATAGATT
GATA172D05, upper CAGGTGGTTAGTGGTGATGGT 6-FAM 134-162

GATA172D05, lower

TCTGGGTTTATACCCCAAATAAT
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chemicals and consumables were checked for possible
contaminations by the preparation of extraction blanks
and negative controls.

PCR Amplification for sex identification

The optimized multiplex analysis system applied for
the here presented investigation consisted of the
following genetic markers: Amelogenin, DYS392,
DYS438, DYS439, DXS6789, DXS9898, and
GATA172D05. The arrangement of the STR-Systems
and the amelogenin marker, the fluorescence dye
labeling for the fragment length analysis, and the
expected allele-ranges for each marker in the Multiplex
X/Y-PCR are displayed in Figure 2. The primer-
sequences are shown in Table 1.

Amplification parameters

The amplifications were carried out in total volumes
of 25 uL. To a mixture of 12.5 uL. Qiagen Multiplex
PCR Master Mix Plus, we added 2.4 uL primerset
(including all upper and lower primers in specific
concentrations as follows: 0.4 uM amelogenin, 0.2 uM
DYS392, 0.2 uM DYS438, 0.1 uM DYS439, 0.12 uM
DXS6789, 0.12 uM DXS9898, and 0.24 uM
GATA172D05), and 0.5-10.1 uL DNA extract.

Cycling parameters

For the Multiplex X/Y-PCR a three-step PCR was
conducted. After five minutes of initial activation the
cycling was performed as follows: first, 10 cycling steps
of 1 min denaturation at 94 °C, 1 min of annealing at
55 °C, and 1 min elongation at 72 °C followed by

:m'
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B 33 - . - .IW N I.‘{U - - !‘0_ - ~ '.q}
90061 I
s |
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FIGURE 3: Shown is an example of the electropherogram of a female individual (feat. 60). The
examined X- and Y-STR systems as well as amelogenin are displayed. The grey/red bars (bins) in
every system represent possible allele expressions. Female individuals have two X-chromosomes
and therefore show only one peak in the amelogenin locus. Due to a high heterozygosity rate of
the DXS systems, two alleles are predominantly present. One allele may indicate homozygosity

or DNA degradation-related allelic dropout. In

the DYS systems, no signals are detected since

no Y-chromosome is present in female individuals. (Graphics J. Mazanec).
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second, 30 cycles with 1 min denaturation at 94 °C,
1 min annealing at 50 °C, and 1 min elongation at
72 °C. Afterwards, a final extension for 45 min at 60 °C
and a soak for 10 min at 10 °C.

Agarose gel electrophoresis and allele determination
The amplification success was checked through
agarose gel electrophoresis. The gel preparation and
the setup of the electrophoresis parameters were
conducted following laboratory standards for aDNA
(Hummel 2003). The allele determination was
performed through capillary electrophoresis in
a 3500 Series Genetic Analyzer (Applied
Biosystems™). For data acquisition and fragment
length determination the 3500 Data Collection
Software 3.1 as well as GeneMapper® Software 5
(Life Technologies) were used. Results of the
fragment length analysis are displayed as
electropherograms (Figures 3 and 4).

Archaeologic investigation

In the cemeteries of the Merovingian period, where
the burials were usually well furnished, research
traditionally attributed certain grave goods to sexes or
genders (Trenkmann 2021, Paust 2014, Koch 1977,
1990, Paulsen 1967, Christlein 1966, Schmidt 1961).

Jewellery such as pearl necklaces, brooches and
earrings as well as keys, belt hangings and spindle
whorls are attributed to females' graves. Lighters, awls
and shaving utensils, but above all weapons, are
regarded as typical components of males' graves. At
the same time, there are sex-unspecific grave goods
such as clothing components - simple belt buckles, belt
tongues, etc. - combs or foodstuffs.

The fact that there are sometimes discrepancies
between this cultural gender determination on the basis
of the grave inventories and the biological sex of the
buried person has already been discussed several times
in the past (Géartner 2017). Therefore, in this paper, we
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FIGURE 4: Shown is an example of the electropherogram of a male individual (feat. 96). Male
individuals have one X- as well as one Y- chromosome and therefore have two peaks in the
amelogenin locus. In both, the DXS as well as DYS systems, only one allele is amplified. In system
DYS392, the peak located on the grey bar (bin) is an allele, whereas the peak one bp before it is
a PCR artefact (split peak). (Graphics J. Mazanec).
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TABLE 2: Summary of demographic data - Morphology.
Columns M and F include the > (probably male/female) and
> (rather male/female) individuals.

CAathgory M F M=F Total
Infans I 0 0 7 7
Infans 11 0 2 3
Juvenis 2.5 1 2.5 6
Adultus 6.4 9.7 2.5 18.6
Maturus 6.1 7.8 1 14.9
Senilis 0 2.5 0 2.5
Total 16 21 15 52

decided to utilise the term "gender" in case of the
archaeological evaluation.

RESULTS

Morphologic sex estimation

The investigation of age-at-death and sex showed,
individuals of both sexes and all age groups were
buried at the cemetery of Boilstddt. There were 10
subadults, 6 juveniles, 18 or 19 adults, 14 or 15 mature
and 2 or 3 senile individuals. A summarising
presentation of the purely morphological age-at-death
and sex estimations of all individuals can be found in

45.0
40.0
350
30.0
250
20.0
15.0
10.0

5.0

0.0
Infans I Infans 1T Juvenis Adultus Maturus Senilis

% per Age category 13.0 5.6 11.1 38.1 27.6 4.6
Age

GRAPH 1: Age-at-death distribution in the whole population.

table 2 and in graph 1. The proportional numbers of
individuals in graph 1 can be explained by the fact
that an individual whose age-at-death estimation falls into
several age classes is calculated with a corresponding
proportion in each of these, so that these proportions
add up to 1. For example, a male individual that died
at the age-at-death of 18-22 was calculated with 0.5
in each of the age classes Juvenis and Adultus.
Another male individual, who died at the age-at-death
of 25-40 (45) years, was calculated with 0.9 into the
age class Adultus and with 0.1 into the age class
Maturus, to express the higher weighting of the age
class Adultus, but at the same time to account for the
allocation to the first years of the age class Maturus,

FIGURE 5: weakly pronounced sulcus praeauricularis in individual from feat. 113 (morphologically, genetically, and
archaeologically female). a, medial view with facies auricularis (photo H. Arnold TLDA); b, axial view from caudal of the
incisura ischiadica maior. (Photo J. Novacek).
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TABLE 3: Overview of the morphological results of sex estimation, birth trauma (according to description by Novotny
1979, 1986, cf. Brizek 2002), and possible osteoarthritis in sacroiliac joint per individual. Age (years):(possibly at least)
probable age-at-death interval (possibly up to); Sex estimation: M/F: male or female, M>F/F>M.: probably male or female,
M>F/F>M: rather male or female, M=F: unidentifiable, according to the description in methods; Pelvis and skull: + values
according to Ferembach ez al. 1980 in adults, >/=: estimations according to Schutkowski 1993 in subadults; or both previous
in juveniles; X: if not applicable due to poor preservation). Birth trauma: yes: clear sulcus, possible: weakly pronounced
sulcus; Osteoarthritis with its laterality: R = right joint, L = left joint, B = bilateral.

No Feature/ Age (years) Sex estimation Pelvis Skull Birth trauma Osteoarthritis
Individual

1 1/1 6-9 M=F X X

2 2/1 (30) 35-45(50) F>M -6 +1

3 2/2 (30) 40-50 M>F +5 X

4 7 2-4 M=F X X

5 60 40-50 F -12 41 yes L

6 61/1 25-35 M +6 +17

7 61/2 15-17 (18) M=F P>M (-6) M>F (+2)

8 62 30-55 F>M X -6

9 63 30-50 M=F X X

10 68 40-50 PM -12 X possible

11 70 25-35 F -19 -36 possible R

12 73/1 35-45 (50) F -14 -18 possible

13 73/2 15-25 M=F X X

14 76/1 50-60 F -15 42 yes L

15 76/2 20-40 PM -6 X

16 71 20-25 F -12 42

17 86 2-4 M=F X M=F

18 87 30-40 F 22 43 yes B

19 88 25-35 (40) M +25 +36

20 89 16-18 M>F M>F (+9) M=F (-4)

21 90 2-4 M=F PM M>F

22 91/1 18-22 M +12 +29

23 91/2 15-17 M>F M>F (+16) M>F (+16)

24 92 (40) 45-55(60) F -13 28

25 95 30-45 M +9 +10 L

26 96 30-35 (40) M +15 +57

27 97 60+ M Both skull and pelvis mostly missing, irregular, see discussion

28 98 (40) 45-55 F -20 -46 possible

29 99 30-40 F -29 -15 possible

30 112 13-14 M>F M>F M=F

31 113 25-35 F 23 24 possible

32 114 30-40 M>F +12 X

33 115 45-55 M +28 +33

34 116/1 25-35 F -10 25 possible shortly

prior to death

35 116/2 0-0.25 M=F X X

36 117 9-12 M=F M>F PM

37 118 35-45 (50) M +21 +23

38 120 40-50 (55) F -12 -32 possible

39 122/1 40-50 M +17 +6 L
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TABLE 3: Continued.

No. Feature/ Age (years) Sex estimation Pelvis Skull Birth trauma Osteoarthritis
Individual

40 122/2 15-20 M=F X X

41 123 0,5-1.5 M=F X X

42 128 14-17 PM F>M (-5) F>M (-23)

43 129 30-50 M=F X X

44 130 50-70 F -10 48 possible

45 131 35-45 M +12 +18

46 133 20-40 M=F X X

47 134 25-35 (40) F -32 41 yes

48 135 3-4 M=F PM M>F

49 139 2-3 M=F PM M>F

50 140 40-50 (55) M +26 +22

51 150 60+ F -11 -37 yes L

52 152 45-55 M +19 +15 L

TP

(L
0Ocm 1 2 3 4 5

FIGURE 6: two views of a possible, weakly pronounced sulcus praeauricularis in individual 1 from feat. 116
(morphologically, genetically, and archaeologically female). a, view from dorso-caudo-medial, whitish-grey layer of new built
bone formation indicates a partly re-modelled haemorrhagical process, which took place no longer that several weeks or
some few months prior to death of the individual; b, axial view from caudal, rough surface indicates, the surface of the
sulcus was not fully re-modelled. Possibly, the birth trauma happened just shortly before death, and the sulcus was not yet
full-blown. (Photo J. Novacek).

which cannot be excluded. This procedure makes the
statistics more precise; however, the division of some
individuals into several age classes results in data with
commas (e.g., "18.6 adult individuals").

Only one child skeleton was suitable for sex
estimation: a 13-14 years old male from feature 112.
Among the juveniles and adults, 15 individuals were
estimated as males, 21 as females, and six were not
possible to estimate. For full results of the
morphological sex estimation on pelvis and skull, see

table 3. In five individuals, clear sulci praeauriculares
according to definition and morphological
description by Novotny (1979, 1986, cf. Bruzek 1991,
and based on personal communication and training
by Novotny [1996-1999]) were detected. In another
nine individuals, possible, rather weakly pronounced
sulci could be found (Figure 5). One of those
individuals also showed a newly built bone layer in
and around the edges of the weakly pronounced
sulcus (Figure 6). One individual showed weakly
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FIGURE 7: Dorsal pitting on the dorsal edge of the right
symphysis pubica in individual from feat. 134
(morphologically, genetically, and archaeologically female).
(Photo J. Novacek).

FIGURE 8: three views of a probable trauma of the left
pelvis of the individual from feat. 152 (morphologically,
genetically, and archaeologically male). a, overview of the
pelvic bone; b, detail of the bulgy, fissured, porous, irregular
facies auricularis; ¢, detail of the dorsal-most part of the
facies auricularis, which is bent laterally about in 90° from
the remaining joint and strongly compressed. (Photo
H. Arnold TLDA).

b
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TABLE 4: Individuals, sample materials, investigated X- and Y-chromosomal loci and biological sex. - no signal for the
amplified marker due to DNA degradation, () uncertain result due to DNA degradation, &' = male sex, ¢ = female sex, (%)
= tendency female, n. d. not determined, XXY = Klinefelter syndrome.

e “ 3.
Z g 3 32
T‘g g §o N o0 o S = 3 8 % %
3 = R N I I < ® N g gg
: = EIE(812| 5| 8|8 58
g & E|A|A|A] S a a @
1.1 teeth 26, 55 X/Y | 11 | 10 | 11 | (10) 8.3 (15)
2.1 teeth 37, 43, 44 X/Y | 11 | 10 | 11 5 8.3 23 J
7 femur - - - - - - - n.d.
60 teeth 46, 47 X/X 7/11 | 8.3/10 | 15/20 ?
61.1 teeth 14, 24, 27 X/Y | 11 | 10 | 11 9 8.3 23 d
61.2 petrous bone X/Y | (13)|(13)] 13 7 8.3 20 J
62 teeth 41, 43, 48 - - - - - - - n.d.
63 femur - - - - - - - n.d.
68 tooth 11 - - - - - - - n.d.
70 teeth 11, 14, 28 X/X 9/10 | 8.3/13 | 22/22 Q
73 lumbar vertebrae X/X 9/- 12/- 15/21 ?
76 teeth 11, 33 X/X (5)/9 | 12/14 | 20/22 ?
77 teeth 15, 26 X/- 7/(9) 12/- 20/- (?)
86 petrous bone X/X 9/10 | 8.3/12 | 20/23 ?
87 teeth 35, 41, 46 X/X 5/9 8.3/12 | 21/22 Q
88 teeth 16, 44 X/Y [ 11 | 10 | 12 10 13 20 s
89 teeth 15, 26, 43 XY | 13| 12 | 11 9 8.3/14 | 15/21 F XXY
90 petrous bone XY | 13 12 12 11 - 24 J
91.1 teeth 25, 26 XY |(13)] 12 | 11 9) (8.3) 21 J
91.2 teeth 14, 28, 35 X/Y | 13 | 12 | 11 9 (8.3) 21 J
92 teeth 35, 47 X/X 8/11 8.3/- 20/24 ?
95 petrous bone X/Y | 13 12 12 9 12 21 "
96 tooth 37 X/Y | 11 | 11 | 10 10 13 20 J
97 femur - - - - - - - n.d.
98 teeth 21, 26, 36 X/X 517 8.3/11 | 21/22 ?
99 teeth 44, 45, 48 X/X 717 11/14 | 20/23 ?
112 teeth 16, 34,36 X/X (9)/10 | 8.3/11 20/- ?
113 teeth 17, 28, 37 X/X 9/11 11/12 | 22/22 Q
114 thoracic vertabrae X/X 7/9 12/13 | 21/22 ?
115 petrous bone XY | 13 12 13 5 13 23 J
116.1 teeth 35, 43, 47 X/X 9/9 | 8.3/8.3 | 15/21 ?
116.2 petrous bone X/X 7/9 8.3/12 | 21/21 ?
117 teeth 36, 46 X/X 5/8 8.3/ 21/- Q
118 teeth 35, 36 X/Y [ 13 | 12 | 12 7 11 23 s
120 teeth 24, 26 X/X 10/10 | 11/12 | 20/20 Q
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TABLE 4: Continued.

E e '8 =
2 E 2 £33
§ =) §) N 0 N E S & § % %
E E slg|gla| & | 8| 8 | 22t
S g == | = | < % < Ry
k= & - N N a a 2
122.1 cervical vertabrae XY | (13)| 12 |(11) 9 (11) (15)
122.2 metatarsal X/Y | (12) | (10) (11) (13) (22) J
123 petrous bone X/Y | (13) ] (12) [ (12) 8.3 (15) J
128 teeth 17, 25, 26 n.d.
129 humerus n.d.
130 tooth 43 X/X 9/11 | 8.3/12 | 19/23 Q
131 tooth 33 XY | 13| 12 | 12 9 12 20 o
134 teeth 14, 38, 46 X/X 9/9 8.3/14 | 15/20 ?
135 petrous bone X/X 7/10 | 8.3/12 | 20/20 ?
139 thoracic vertabrae XY | 12 10 11 8 8.3 21 J
140 teeth 28, 36, 38 X/Y | 11 | 10 | 11 5 11 21 F
150 tooth 16 X/X 9/10 | 8.3/11 | 20/21 @
152.2 teeth 34, 43, 48 X/Y | 13| 10 | 13 5 13 20 g

pronounced pitting on the dorsal surface of the
symphysis pubica (Figure 7). Traces of osteoarthritic
changes of the facies auricularis on the pelvis and/or
sacrum were found in three males (17.6%) and five
females (23.8%), see table 3. One male individual
(feat. 152) showed a folded, strongly fissured, bulgy
and coarsely porous dorsal third of the left facies
auricularis (Figure 8), the sacrum and the right half
of the pelvis were unfortunately not preserved in this
individual.

Molecular sex determination

In total, the sex of 41 of the 48 investigated
individuals could be determined using the Multiplex
X/Y-PCR (Table 4 and cf. Table 6). The sex of only
seven individuals could not be determined due to
strong DNA degradation. Of the 41 sex-determined
individuals, 21 were identified as female and 20 as
male. Exemplary electropherograms of a female as well
as a male individual are shown in Figure 3 and Figure
4, respectively.

Of particular interest is one of the 20 male burials
(feature 89), which shows reproducible heterozygous
allelic expressions in two of the three X-STRs, in
addition to all Y-chromosomal sequences. Contamination
by a female processor can be ruled out, suggesting the
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presence of Klinefelter syndrome (Mazanec 2022,
Mazanec et al. in prep.).

Archaeologic gender evaluation

For the cemetery of Boilstadt, the sex/gender of
the buried individuals was initially assessed based on
grave goods. Since the burials were very variably
equipped and only a few contained a gender-specific
ensemble of grave goods, of the total 52 individuals
only about one third - 13 women and 7 men - could
be distinguished by gender based on the objects
found in their graves (see table 5). As an example of
a convolute of male grave goods, the burial from the
feature 131 (Figure 9, a grave with full weapon
equipment), and as an example of typically female,
rather rich equipped burial from feature 113 (Figure
10) can be considered.

Sum-up of results of all methods

The full results of age-at-death as well as all three
approaches of sex estimation or gender evaluation are
presented in 7able 6.

Table 7 and graph 2 show the summarised results
of the morphological age determination and the
combined evaluation of the morphological and metric
sex determination with the aDNA examination.
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FIGURE 9: feat. 131 (morphologically, genetically,
and archaeologically male) - burial with typical
male gravegoods. a, photo after the finished
uncovering of the block recovery in the restoration
department of TLDA; b, 1 - iron lance tip; 2 - iron
sax; 3 - iron spatha; 4 - weir hanger, eight objects
belonging to the carrying strap of the spatha;
button, buckles, strap end, fitting; 5 - waist belt,
three objects belonging to the sax's sling; buckle,
fittings; 7 - toilet cutlery, two corroded iron objects;
knife, scissors; 8 - iron knife; 9 - iron shield boss
and iron shield shackle as components of a round
shield; 10 - iron spur, fragmented; 11 - two iron
strap ends; 12 - six iron objects that are part of the
bridle for a horse; toggle snaffle, buckle, strap end,
rivets; 13 - a bag, three iron objects, belonging to
the bag; buckle, iron fittings or strap ends; 14 - two
iron tools, belonging to the contents of the bag; awl,
a metal fragment; 15 - lighter, belonging to the
contents of the bag; iron fire steel, firestone; 16 -
two iron rivets, probably belonging to the bridle;
17 - two iron rivets and fragments of a tinplate,
probably belonging to the bridle; 18 - iron rivet,
probably belonging to the bridle; 19 - single row
three-layer comb, bone/antler; 20 - animal bones;
two fragments and a rib of a sheep-sized animal,
1 coxa, 2 femora of a juvenile pig - sus domesticus.
(A: photo H. Arnold TLDA, b: graphics H. Kiinzel
TLDA).
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b P.1-07muGok
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FIGURE 10: feat. 113 (morphologically, genetically, and archaeologically female) - burial with typical female gravegoods.
a: photo in situ; b: 1 - double row three-layer comb, bone/antler; 2 - animal skeleton, cricetus cricetus; 3 - one knife and
six rivets, corroded together, rivets probably belong to the knife sheath; 4 - cylindrical glass bead; 5 hand-made pottery; 6 -
iron belt buckle; 7 - double conical spindle whorl made of clay. (A: photo A. Mayer TLDA, b: graphics H. Kiinzel TLDA).

The combination of the morphological and the
genetic sex determination results in a total of 21 male
and 26 female individuals of all age classes. In another
5 individuals, the sex could not be determined even
with combined methods.

DISCUSSION

Comparison of the methods

As expected, most of the discrepancies between
morphological sex estimation and genetic sex
determination were found in the skeletons of children
and adolescents. The only individual in which the sex
could be assessed morphologically with the help of the

422

methodology according to Schutkowski (1993) was an
individual aged 13-14 years (feat. 112). The
morphology indicated slightly male or indifferent
characteristics on the pelvis and mandible (cf.
Schutkowski 1993), so that the morphological
evaluation was "rather male" (M>F), but the genetic
examination was able to determine that it was in fact
a female. In none of the other individuals, regardless
of infancy age category, could the sex be estimated
morphologically. Except for three individuals, this
circumstance was due to the incomplete preservation
of the diagnostic skeletal elements; the remaining three
did not show sufficient expression of sex-relevant
characteristics to allow any estimation to be made. In
view of this minimal sample of one false estimate and
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TABLE 6: Overview of the results per individual. M male, F female, > probable M/F, > rather M/F, M=F undeterminable,
n.d. not determined due to DNA degradation, n.i. not investigated, - no assessable grave goods.

No. Feature/Individual | Age (years) Sex - Morphology eslzzl;sli\;[olecular genetic Gender - Archaeology
1 1/1 6-9 M=F M -
2 2/1 (30) 35-45 (50) >M M M?
3 2/2 (30) 40-50 M>F n.i. -
4 7 2-4 M=F n.d. -
5 60 40-50 F F F
6 61/1 25-35 M M M
7 61/2 15-17 (18) M=F M -
8 62 30-55 F>M n.d. F
9 63 30-50 M=F n.d. -
10 68 40-50 PM n.d. F
11 70 25-35 F F F
12 73/1 35-45 (50) F F -
13 73/2 15-25 M=F n.i. -
14 76/1 50-60 F F -
15 76/2 20-40 F>M n.i. -
16 77 20-25 F F -
17 86 2-4 M=F F -
18 87 30-40 F F F
19 88 25-35 (40) M -
20 89 16-18 M>F M -
21 90 2-4 M=F M -
22 91/1 18-22 M M -
23 91/2 15-17 M>F M -
24 92 (40) 45-55 (60) F F -
25 95 30-45 M M -
26 96 30-35 (40) M M M
27 97 60+ F>M n.d. M
28 98 (40) 45-55 F F -
29 99 30-40 F F -
30 112 13-14 M>F F -
31 113 25-35 F F F
32 114 30-40 M>F F -
33 115 45-55 M M -
34 116/1 25-35 F F F
35 116/2 0-0.25 M=F F -
36 117 9-12 M=F F F
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TABLE 6: Continued.

No. Feature/Individual | Age (years) Sex - Morphology Sszl;sli\;[olecular genetic Gender - Archaeology
37 118 35-45 (50) M M -
38 120 40-50 (55) F F F
39 122/1 40-50 M M -
40 122/2 15-20 M=F M -
41 123 0.5-1.5 M=F M

42 128 14-17 F>M n.d. -
43 129 30-50 M=F n.d. -
44 130 50-70 F F F
45 131 35-45 M M M
46 133 20-40 M=F n.i. F
47 134 25-35 (40) F F F
48 135 3-4 M=F F -
49 139 2-3 M=F M -
50 140 40-50 (55) M M M
51 150 60+ F F F
52 152 45-55 M M M

three impossible sex estimates, no reliable assessment
can be postulated as to what extent the method
according to Schutkowski (1993) is applicable to the
individuals from Gotha-Boilstidt.

Even in juvenile individuals, the sex-relevant
characteristics are often insufficiently or incompletely
expressed, so that sex estimation must be carried out
and evaluated with caution (cf. Dobisikova 1999).
Thus, the higher proportion of indeterminable
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Infans I Infans 11 Juvenis Adultus Maturus Senilis
m Male 5.6 1 8.3 10.9 12. 0.
 Female 5.6 37 19 189 135 4.6
Undeterminable 1.9 0.0 09 8.3 19 0.0
Age

GRAPH 2: Age-at-death distribution by sex, combined results.

424

individuals by means of morphology, which could be
specified with the help of the genetic examination, is
not surprising. All juveniles and one late juvenile-early
adult individual that were morphologically estimated
as males were genetically confirmed as males. In
addition, two further individuals, which could not be
estimated morphologically, were determined as
genetically male. Another individual, morphologically
estimated as female (feat. 128), unfortunately did not

TABLE 7: Summary of demographic data - Morphology
and DNA combined.

Age category M F M=F Total
Infans I 3 3 1 7
Infans I1 1 2 0 3
Juvenis 4.5 1 0.5 6
Adultus 59 10.2 2.5 18.6
Maturus 6.6 7.3 1 14.9
Senilis 0 2.5 0 2.5
Total 21 26 5 52
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provide sufficient DNA for the genetic examination,
therefore this morphological estimation remains
unverified. Only one late juvenile-early adult individual
remained undeterminable. This individual showed
a highly incomplete preservation without the possibility
of morphological or genetic examination. Therefore,
for subadult individuals, the genetic examination
represents a decisive improvement of the overall
results.

Among the adults, the morphological sex estimation
could be confirmed by the genetic examination in most
cases. For 16 adult females and 10 adult males, the
results of the morphological and genetic sex
determination agreed. In another three female and one
male adult, the morphologically estimated sex could not
be genetically verified due to insufficient preservation
of DNA or the lack of suitable sampling possibilities.
Only in the case of two individuals were there
discrepancies between the morphological and genetic
results. In the case of one individual (feat. 2, ind. 1), the
sex was estimated morphologically as "rather female"
(F>M). Except for the mandible with indifferent sex
characteristics (mentum rather male, ramus
mandibulae/margo inferius rather female, angulus
mandibulae indifferent, total value +1), the individual
had no skull and only fragments of the pelvis were
preserved, with only a few evaluable sex-relevant
characteristics that tended towards the female direction
(total value -6). The metric values of the skeleton also
yielded rather indifferent to contradictory results (e.g.
diameter of the caput femoris dx. was with 46 mm
rather male, whereas the max. length of the femur dx.
was only 430 mm). During the genetic examination,
the very well-preserved DNA proved beyond doubt to
be male in view of the presence of a Y-chromosome.
The other individual (feat. 114) was morphologically
estimated as "probably male" (M>F). The skeleton from
the disturbed grave had no skull and the well-preserved
pelvis showed predominantly male characteristics (total
value +12), also the metric values rather indicated
a male estimation (e.g. diameter of the caput femoris
dx. 46 mm, max. length femur dx. 471 mm). The very
well-preserved DNA provided an undoubted determination
as female.

These results show that in atypical forms of human
sexual dimorphism (smaller men with rather broad
pelvises, large, robust women with narrow pelvises),
morphological sex estimation reaches its limits and
sometimes even provides misinterpretations. The
specification or verification of the morphological
examination through genetic examination is therefore

sensible and advisable, especially in the case of
incomplete skeletons and skeletons with ambiguous or
contradictory sexual characteristics.

Regarding the archaeological gender evaluation, an
estimate could be achieved for only 13 women and 7
men, as most graves did not contain any gender-specific
goods, or had been robbed. This unsatisfactory result
of the sex determination was considerably improved by
the subsequent morphological and genetic examination
of the skeletons. The comparison of the results was
mostly consistent with the sex determination of the
individuals. In 15 cases, 5 males and 10 females, the
results of archaeology, morphology and genetics
match. In two additional cases, the archaeology either
matched the morphological estimation or the genetic
determination, while the other method, respectively,
was not possible to conduct (feat. 68 and 117). In one
case (feat. 2, ind. 1), the archaeology, a male
evaluation, fitted to the genetics, and supported this
result, while the morphology delivered an apparently
wrong result (see last paragraph). One individual (feat.
133, poorly preserved remains of skull vault, teeth
crowns and few diaphyses) did not deliver any results
in morphology or genetics, but the archaeological
evaluation suggested a female. In the light of the overall
results, this assumption will probably be correct.
Nevertheless, it was not included into the overall
interpretation of the biological results. Only one
individual (feat. 97) delivered contradictory results.
The poorly preserved bones of this individual were
extremely small and gracile, so that they were even
misclassified as subadult during the first preliminary
examination. Preserved were only few non-diagnostic
fragments of the skull and pelvis, as well as diaphyses
of large long bones without any epiphyses. However,
this was an adult: the 40x magnification of compact
bone tissue revealed typical traits of adult bone tissue
with beginning impact of age-induced osteoporosis, cf.
Novacek 2012. It was an extremely gracile individual
on the borderline of dwarfism, but with completely
normal proportions. Due to secondary aspects, such
as the morphology of the proximal femur, the
morphological estimation tended towards a designation
as "rather female" (F>M), howeyver, this is the case only
under the premise that the reduced size of the bones
did not have any further impact on their morphology,
which is possible and likely to apply, but it is not
verifiable. Meanwhile, the archaeological gender was
evaluated as male, as the individual have had an
arrowhead in its grave, which is considered among
typical male grave goods. Unfortunately, due to its
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preservation, the aDNA investigation did not deliver
any result, and, therefore, this thrilling case will remain
unsolved. The pearl necklace from the male grave (feat.
96), usually an attribute for female burials, was not
located in the chest or neck area, the original wearing
situation. It was found embedded in the conglomerate
of a completely degraded organic substance on the
right hip of the skeleton. Presumably, the man wore
a pouch on his right hip in which, among other objects,
the aforementioned glass bead necklace was stored.
These objects undoubtedly had a special meaning for
the individual. A comparable finding was documented
in the cemetery of Schleitheim-Hebsack (Burzler et al.
2002: tab. 72). In the case of the morphologically male-
like individual from feat. 114, which, however, turned
out to be of female genetics (see last paragraph),
unfortunately, the robbed, disturbed grave did not
contain any gender-specific grave goods.

Sulcus praeauricularis and changes to facies auricularis
as parameters in sex estimation

A sulcus praeauricularis could be determined in five
individuals. In another nine individuals the expression
of the possible sulcus praeauricularis was not sufficient
to interpret it, beyond any doubt, as a sulcus according
to the definition of Novotny (1979), but could only be
classified as a "suspicion of" one. All these 14
individuals were genetically identified as female. It can
thus be postulated that the presence of a sulcus
praeauricularis, or even the suspicion of its presence,
is to be interpreted as a convincing indication of female
sex, without wanting to clarify the question of whether
it is a feature of childbirth or not (cf. Brlzek et al
2022). In this context, it should be noted that only one
of the individuals with a sulcus praeauricularis, also
exhibited traces of a possible parturition trauma on the
dorsal margins of the symphysis pubica (pit formation,
see Figure 7, cf. Houghton 1975, Stewart 1957). Even
if it is a reliable feature of parturition trauma, its
presence is many times less common than the presence
of the sulcus praeauricularis. Thus, the interpretation
of the sulcus praeauricularis in the definition according
to Novotny (1979, 1986, cf. Briizek 1991) as a clearly
female feature proved to be reliable in the individuals
from Gotha-Boilstédt.

Whether or not the sulcus praeauricularis is actually
a consequence of childbirth (trauma) is not undisputed
(cf. Cox 2000, Ubelaker, De La Paz 2012), as a similar
structure has been demonstrated in nulliparous females
(Perréard Lopreno etal. 2022), or even in male
individuals (Maass, Friedling 2016). Hopefully, this
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question will be resolved by future studies (cf. Pany-
Kucera et al. 2021). Furthermore, it should be noted
that the presence of the sulcus praeauricularis is by no
means indicative of the total number of pregnancies,
even though recent studies suggest that the expression
and severity of the sulcus increases with the number of
births survived (Igarashi et al. 2020).

De facto, the sulcus praeauricularis is a particular
ligamentopathy, possibly attributable to a specific
process, birth trauma, an injury to the ligaments and
the joint capsule of the female pelvis during childbirth
with an associated haemorrhage into the joint capsule.
Any other interpretation is hard to plausibly establish.
Nevertheless, it cannot be ruled out that trauma other
than parturition trauma could also trigger an injury to
the connections of the sacroiliac joint. It should be
noted, however, that the ligamentous apparatus that
stabilises the sacroiliac joint would presumably prevent
any injury that was not severe enough to not be
accompanied by a fracture of the pelvis, sacrum and/or
spine without the hormonally induced loosening effect
in the run-up to childbirth (cf. Uhl 2018). Examples of
such severe injuries would include falling off a horse at
full gallop onto the rump, being run over by a cart over
the back, or similar. However, such injuries would
probably be detectable on the skeleton and the
interpretation of a sulcus praeauricularis would have
to be adjusted accordingly. In the absence of such
features of further, severe trauma, this interpretation
can be assumed as unlikely and the sulcus praeauricularis
assumed to be the probable result of birth trauma. In
the present case of a male individual with a clear,
severe pelvic trauma (see Figure &, feat. 152, probably
compression fracture, such as due to falling off
a horse), arthritic changes did form in the region of the
sacroiliac joint, but none that could be interpreted as
typically resulting from parturition trauma. The
individual showed no trace of a sulcus praeauricularis.

The question of osteoarthritic changes to the
sacroiliac joint should be taken into account to
a certain extent in the morphological sex estimation.
The sacroiliac joint forms a transition from the spine
to the pelvic girdle, and thus bears the entire weight of
the upper body and is often the cause of back complaints
due to tension, blockages or wedging (cf. Grifka,
Kramer 2013). The pathological changes, which can
also occur prematurely due to stress, should be
considered during age-at-death estimation based on the
facies auricularis (cf. Buckberry, Chamberlain 2002,
Lovejoy et al. 1985). The predominantly sedentary
lifestyle of modern society favours the incorrect loading
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of this joint and leads to the fact that the sacro-iliac
complaints and changes have become much more
frequent than appears to have been the case in past
populations who carried out less sedentary activities
(cf. Resnick, Niwayama 1981). Everything said so far
applies equally to males and females, which was also
confirmed in the present study. In total, only eight
individuals (true prevalence 18.2 %) showed traces of
arthritic changes to this region. Among them were
three males (17.6 %) and five females (23.8 %), a non-
significant difference due to the small sample size
(Fisher's exact test 1.000). It should be noted, however,
that all of these five females also showed signs of birth
trauma, which makes this diagnostic aspect relevant to
the question of possible birth trauma. This is in line
with the observations of Pany-Kucera ef al. (2019), who
count a rim formation at the ventral edge of the facies
auricularis (sacral preauricular extension or sacral
preauricular notch, Pany-Kucera et al. 2019) among the
birth-indicating features of the skeleton. Structures that
could be defined as such an extension or notch were
not observed in any males of the skeletal series.

CONCLUSIONS

For the 52 individuals of the Gotha-Boilstadt
cemetery, sex estimation was carried out using three
different approaches. The results of the two
anthropological methods, i.e. morphological estimation
and molecular genetic sex determination, were directly
compared. In addition, the gender evaluation based on
the archaeological classification of grave goods was
available for about half of the individuals.

In principle, it must be considered that only
molecular genetic analysis can determine the biological
sex beyond doubt by analysing X- and Y-chromosomal
sequences. The morphological sex indicators in adult
skeletons ideally represent the biological sex, but due
to the variability of characteristics, this does not
necessarily always lead to unambiguous and accurate
results. Only in populations with a high degree of
sexual dimorphism, high congruence of the two
anthropological approaches to sex estimation
(determination) can be expected. This in turn depends
on the chronology and biogeographical origin of the
individuals to be assessed. If there is no clear sexual
dimorphism, misidentification is possible or even to be
expected. The same applies to the sex estimation of
individuals in the prepubertal growth phases, i.e.
children and adolescents. Only in the rarest cases is it

possible to estimate the sex of subadult individuals via
morphological methods. If osteometric methods are
used, sex estimations can be achieved, but these are
subject to inaccuracies and higher error rates.

Unlike the biological characteristics to be assessed
anthropologically, the grave goods represent a social
construct, which ultimately means that the archaeological
evaluation leads to findings about the social sex of an
individual (gender). If biological sex and gender are
congruent, it should be possible to achieve high levels
of agreement between anthropological, especially
molecular genetic, and archaeological approaches with
regard to sex determination.

All these considerations about the different
available approaches to sex estimation (determination)
are followed by the data obtained for the Gotha-
Boilstiadt skeletal series. Starting with the subadult
individuals, it can be stated that sex estimation on
children was morphologically impossible, on juveniles
only in isolated cases. Molecular sex determination, on
the other hand, was successful for almost all non-adults
and is thus practically unavoidable if sex determination
is desired in these age classes.

The situation is different in the adult age classes.
Here, generally good agreements between morphological
estimation and molecular sex determination have been
achieved, albeit with exceptions. It is important to note
here that the quality of the morphological estimation is
particularly dependent on the experience of the
anthropological expert as well as the completeness and
the preservation of the skeletons. The latter in particular
also has an impact on aDNA analysis, but if the bones
and subsequently the DNA are poorly preserved, it is
more likely to lead to a failure of the analysis than to an
incorrect determination of the sex.

The comparison between the archaeologically
assessed gender on the basis of grave goods and the sex
determined by molecular genetics was particularly
interesting, as there was a complete match between
both approaches. The only questionable case of
a possible contradiction occurred between an insecure
morphologic estimation and the archaeologic evaluation.
Unfortunately, this individual was too poorly preserved
for a genetic determination. This means that there
seems to be no evidence of gender identities deviating
from the biological sex in the archaeologically
investigated individuals from the Gotha-Boilstadt
cemetery. This also highlights the benefit of combining
these three methods for historical gender research.
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