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Abstract
A unique archaeological finding of five individuals buried in an early medieval pit house was discovered in Podersdorf am See
(Austria). Three of those individuals were buried in narrow grave pits that had been deepened into the house floor; two of them
were lying on the pit floor in a crouched position. Pit houses with six-post construction are known since Roman times and were
particularly widespread during the Migration Period. On the basis of radiocarbon analyses of charcoal from the hearth, the use
phase of the pit house of Podersdorf am See can be dated to the sixth century AD. The burials took place around the same time in
the second half of the seventh century AD, when the house lost its original function. Around that time, regular burials took place
in the cemetery in the immediate vicinity of the house. The anthropological examination of the five skeletons showed no
significant differences in comparison to the ones that were buried in the cemetery. By means of aDNA analyses, it could be
established that at least two of the individuals were closely related to each other.
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Introduction

Amysterious group of five individuals was buried in an unusu-
al manner in a pit house (sunken featured building) at the edge
of the EarlyMediaeval cemetery of Podersdorf am See (Fig. 1).

The site is located south of today’s village on a flat hill
ridge running west and east and in close proximity to the
eastern shore of Lake Neusiedl. The surrounding landscape
is characterised by its flat relief with a maximum height dif-
ference of only 17 m and countless salt pan lakes.

The archaeological examination of the Early Mediaeval
cemetery of Podersdorf revealed a total of 39 burials of the
seventh century AD. The cemetery was established at the time
when the Avars ruled the Carpathian Basin, from the second
half of the sixth to the beginning of the ninth century AD (Pohl
1988).

Next to this cemetery, on the ridge of the hill, were a num-
ber of pit houses (Fig. 2). The largest building, where the five
burials were located, was archaeologically examined and is
presented in this article.
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Even though more than 60,000 inhumations of the Avar
period are known in the Carpathian Basin, the recent finding
of Podersdorf am See represents a unique case.

The following article tries to answer several questions re-
garding these extraordinary findings: When was the pit house
used, and at what time was it abandoned? When did the
burials take place? Is there a connection between the burials
in the house and those in the nearby cemetery? Do the burials
in the house differ from those in the cemetery from an anthro-
pological point of view? Are there any family relations be-
tween the buried persons?

The pit house

Next to and within the Early Mediaeval cemetery, several set-
tlement structures, such as pit houses (“Grubenhäuser”) as well
as rubbish pits, were detected by means of geomagnetic
prospection on the hilltop. Two of these structures have been
examined in the course of our excavations (Tobias et al. 2018).

The pit house “object 55”was found at the northern edge of
the cemetery (Fig. 3). The unusually large building is a six-
post construction.

North of the Danube, especially in Moravia and
Slovakia (Beljak and Kolník 2008, pp 65ff p 67 fig 3 p
68 fig 4. p 72 fig 8.1; Kolník 1998, pp 144ff p 145 fig
1.11 p 149 fig 6.5-6; Tejral 1998, pp 181ff p 201 fig 18.1-
4, 202 fig 19), six-post houses such as our main object
already occur during the Roman Imperial Period (Beljak
and Kolník 2008; Tejral 1998). It should not be forgotten
that this house form was found south and west of the
Danube in a much earlier context, dating back to the late
Latène and Early Roman Imperial Period (Ottományi
2015; Budai Balogh 2009).

South of the Danube, in Eastern Austria, this type of house
was found mainly in contexts of late antiquity and the
Migration Period. For this reason, some researchers assume
that six-post houses are associated with people who crossed
the Danube during the fifth century AD and settled on Roman
or former Roman territory (Stuppner 2013). However, this
theory needs to be re-evaluated in the light of new discoveries
and insights. In the last five years, the number of pit houses of
this type has increased significantly in today’s Western and
Southern Hungary (Ódor 2011, pp 355–356 fig 9). It should
also be noted that this type of house could still be found spo-
radically in the sixth and seventh centuries AD (Müller 2018,
p 39f fig 4. p 51 fig 12.3; Schoenenberg 2018, p. 180 fig. 6;

Fig. 1 Location of the site of Podersdorf am See (A) (drawing: Bendeguz Tobias)
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Fig. 3 Six-post house (object 55) with five burials (drawing: Andreas Blaickner, Thomas Koch Waldner, Bendeguz Tobias)

Fig. 2 General plan of the excavation area with the pit house “object 55” in Podersdorf am See (drawing: Thomas Koch Waldner)
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Nice 1994, pp 37–39 fig 6; Винокур andМегей 1992). Only
one pi t house f rom Mannersdor f an der March
(Niederösterreich/A) is known from this period in Austria
(Wawruschka 2009, p 52f p 110 p 129).

In addition to adjacent areas, this six-post house can also be
found east of the River Tisza (Cseh 1999) and even in distant
areas such as the Normandy (Hincker 2007, pp 175ff), to
name just a few examples.

Finally, it must be emphasised that, concerning its
shape and size, the finding from Podersdorf differs signif-
icantly from most of the six-post houses. Initial compari-
sons reveal that this pit house, with its surface area of
approximately 30 m2, is twice as large as most of the
comparative examples outside the former Roman Empire
(Ottományi 2015, pp 122–124; Budai Balogh 2009, p 85
Tab 1, 97–100). In addition, only a few further six-post
constructions with an almost square ground plan and
North-South orientation have been located so far

(Ottományi 2015, pp 126–130; Budai Balogh 2009, p 85
Tab 1, pp 95–97). Most of the pit houses with three posts
on one side and three on the opposite side are rectangular
(Budai Balogh 2009, p 94f).

The nearest pit houses with six-post construction were dis-
covered about 9 km north of the site, in Weiden am See
(Burgenland/A), and 15 km to the west, in Schützen am
Gebirge (Burgenland/A) on the other side of Lake Neusiedl.
These six-post houses are dated to the Migration Period.

Comparative examples for the building in Podersdorf—in
relation to size, shape and orientation—can be found in
Pannonia during the Migration Period. The pit house features
from Mohács (Baranya county/H) (Párducz 1949) and Mözs
(Tolna county/H) (Ódor 2011, pp 355–356 fig 9) as well as
the recently discovered settlements in Kaposvár (Somogy coun-
ty/H) (Ódor 2001), Fonyód (Somogy county/H) (Somogyi
2000, p 246. p 248, fig 9), Ballatonlelle (Somogy county/H)
(Skriba and Sófalvi 2004) and Zamárdi (Somogy county/H)

Fig. 4 Pyramidal loom weights
from the floor of the pit house
(photos: Andreas Blaickner)
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(Bocsi 2008, pp 415–417 fig 3; Kiss 2007, pp 67-68 fig 57–58, p
64) deserve special mentioning. North of the Danube, only one
comparative example from Mušov in Moravia is known so far
(Tejral 1998, fig 18.1).

Function of the house

A hearth, loom weights and whetstones found on the floor indi-
cate that economic activities were carried out in the building
(Leube 2009, p 51-52). Ceramics and fragments of animal bones
from the filling provide indications of the phase of abandonment.

A total of four pyramidal loomweights were found, with two
of themlyingat theedgeofpostholeson thewestsideof thehouse
(Figs. 4 and 5). Pyramidal loom weights are widespread in the
EarlyMiddle Ages. Comparative examples nearby can be found
in the already mentioned settlements of Weiden am See
(Burgenland/A) (Franz et al. 2015, p 174) or Schützen am
Gebirge (Burgenland/A) (Herdits 2019, p 29), as well as

Unterlanzendorf (Niederösterreich/A) (Stadler 1981, p 154 p
177 fig 16.4-5), Drösing (Niederösterreich/A) (Jedlicka and
Schmidt 1999, p 779 fig 615), Schletz (Niederösterreich/A)
(Nowotny 2014, p 248) and Mistelbach (Niederösterreich/A)
(Blesl et al. 2009, p 20). Examples formore distant loomweights
are known from Rákóczifalva (Jász-Nagykun-Szolnok county/
H) (Masek 2015, p 438 fig 8, 1-3), Iversheim (Stadt Bad
Münstereifel/D) (Wirth 2011, p 10 fig 12-13) or Goudelancourt-
les-Pierrepont (dép. Aisne/F) (Nice 1994, p 54 fig 40).

Furthermore, a grinding stone (no. 445) was found on the
floor of the house (Fig. 5). A scan of the surface using micro-
XRF did not reveal any indications of the use of precious
metals (copper or silver), but the use of iron is conceivable1.

Only very few inconspicuous ceramic fragments came to
light in the house (Fig. 6). The manufacturing technique and

Fig. 5 No. 335 and no. 194:
pyramidal loom weights; no. 445:
grindstone from the floor of the
pit house (photos: Andreas
Blaickner)

1 The examinations were carried out by Thomas Angerer, Institute of
Mineralogy and Petrology at the University of Innsbruck.
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wavy line decoration point to ceramics in the tradition of late
antique pottery (Pollak 2017, 257-259). Altogether, the archae-
ological finds which are connected to the use of the house are
not specific enough for a more exact dating of its use phase.

The primary function of the house ended when the struc-
ture was used as a burial ground. First, three tombs were dug
into the ground. Right after, two other deceased persons were
buried in the filling layers formed above the floor level. The
stratigraphic position of these two skeletons made it clear that
the funeral of the deceased took place after the first use phase
of the house. During excavation, there was no evidence sug-
gesting that the burials were subsequently deepened into the
already filled pit house. Since the backfilling earth of the grave
pits and around the two crouched burials is identical, the
backfilling of the house pit and the depositing of the two
burials in the backfill must have taken place simultaneously.
Animal bones were found, especially in the filling layer above
the burials. In total, 38 out of 92 specimens (41.3%) were

identified and analysed (Table 1). The results indicate that
the majority of bones derive from horse (n = 13) and dog (n
= 12), followed by bones of wild birds (n = 9), representing at
least two individuals, cattle (n = 3) and sheep (n = 1).
Concerning the age at death, the bones of cattle, sheep, horse
and wild birds come from adult individuals. The examination
of one dog mandible indicates the presence of a very old adult
individual. Sex determination could not be addressed due to
the lack of material suitable for sexing. Two bones of cattle (a
fragment of a metapodium and a tibia fragment) and 15 un-
identified fragments indicate exposure to fire. Chopmarks and
fractures on horse and dog bones suggest consumption.

The burials

Three of the individuals from Podersdorf (graves 41, 42 and
43) were squeezed into very narrow pits—just about the size
of their bodies—in the floor of the house, with their backs

Fig. 6 Ceramic fragments from
the floor of the pit house (photos:
Andreas Blaickner)
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stretched out or, in one case, lying slightly tilted to one side.
Two other individuals (crouched burial 1 and 2) were lying in
the foetal position on the floor of the house. The bodies of all
five persons were oriented North-South and NNW-SSE.
Differing from this, the orientation of the graves in the
Carpathian Basin of the sixth–eighth centuries was usually
West-East or NW-SE. North-South or NNW-SSE-oriented
burials are relatively rare during the sixth and seventh centu-
ries in the Carpathian Basin (Balogh 2016, pp 39–42). Within
this region, the occurrence east of the river Tisza is more
frequent (Bende 2017, pp 250–253). A simultaneous accumu-
lation of this orientation can only be found in cemeteries in the
Altai area and in today’s Kyrgyzstan (Balogh 2016, p 42). The
feotal position of the two burials at Podersdorf is unusual.

In contrast to the burials in the house, the graves of the
regular cemetery in the immediate vicinity were almost all
systematically reopened. Despite the grave disturbing, some
precious objects like a golden earring or a silver-gilt belt
fitting were left behind in the grave pits. A significantly high
number of male burials were equipped with composite bows,
indicating their social status (Tobias et al. 2017, 2020).

Only the three individuals in the house located in the grave
pits were accompanied by some grave goods. Simple rectan-
gular iron buckles were added to all three individuals (Fig. 7).
Despite the strongly degenerated state of the three iron ob-
jects, a few textile remains adhering to their surfaces survived.
During the excavations, special attention was paid to these
remains, and the finds were recovered en bloc. The difficult
task of uncovering them with brushes and needles under the
stereomicroscope was performed at the restoration laboratory
of the Department of Archaeology, University of Innsbruck.
The buckle in grave 43 (no. 496) was located on the right

pelvic blade and had an approximately 30 mm2 big
mineralised tabby weave at the front in the area of the point
of the prong (Fig. 7c). The diameters of the Z-twisted warp
and weft yarns made from a vegetable fibre (linen/hemp) mea-
sure 0.9–1.2 mm and have a coarse quality2. The finer tabby
weave remnants on the back of the iron buckle (no. 466) from
grave 41 reveal a much better preservation (Fig. 7a). The 0.5–
0.8-mm-thick Z-twisted vegetable threads form a fabric den-
sity of 10 × 12 threads/cm2. The nature of the organic textile
layers on the buckle from grave 42 (no. 498, on the left pelvic
bone) could not be determined any more due to bad preserva-
tion. In general, it can be said that so far only textiles in tabby
weave from vegetable fibres have been found on the grave
goods from Podersdorf. Typical, however, is the main use of
Z-twisted threads (Grömer 2015, p 200). The determination of
the fabric densities allows us a general classification of the
textiles from Podersdorf into finer (15–19 threads/cm) and
coarser qualities (10–13 threads/cm) with average thread
strengths of 0.3–0.7 mm, which are rougher than other grave
textiles from the Avar period (Grömer 2015; Hundt 1987).

Further grave goods are flint stones (no. 486 and no. 468)
from graves 41 and 42 (Fig. 8). In addition, underneath the head
of the individual in grave 41, there was an unornamented bone
needle tube (no. 479), and a whetstone was found at the pelvis in
grave 42 (no. 478). Needle tubes like the one from grave 41
were in use in Eastern Austria during the period from the second
half of the seventh century AD to the first half of the eighth

2 Determination of the textile density was not possible.

0 Radiocarbon analyses were performed in the AMS 14C laboratory of
Isotoptech ZRT in Debrecen, Hungary.
0 L-temperature fraction and H-temperature fraction.
0 Calibrated calendar age (cal AD) (2σ) 95.4% area enclosed: reliability
78.16%.
0 Calibrated calendar age (cal AD) (1σ) 68.3% area enclosed: reliability
73.74%.

Table 1 Skeletal element
representation of animal species
found in the pit house (object 55)
(drawing: Konstantina Saliari)

Element Bos primigenius f.
taurus

Ovis orientalis f.
aries

Equus ferus f.
caballus

Canis lupus f.
familiaris

Mandibula 1 1
Costae 2 6
Vertebrae 8 1
Scapula 1 1
Humerus 1
Radius 1 1
Femur
Tibia 1
Metapodia 1 3
Total 3 1 13 12
Element Wild birds
Vertebrae 1
Radius 3
Ulna 1
Femur 1

Tarsometata-
rsus

1

Phalanx 2
Total 9



century AD (Distelberger 1999, p 195). The two individuals
buried in the crouched position had no grave goods. None of
the grave goods are specific enough for dating the burials.

Chronology

The archaeological finds do not allow a chronological classi-
fication in order to date the pit house and the burials. We
therefore radiocarbon-dated charcoal fragments from the

hearth in order to determine the use phase of the house3. The
measurements under different conditions showed quite a large
possible time span of use between the second half of the fourth
century AD until the end of the sixth century AD4. This means
that the house was already in use during the Langobard rule
and the earliest rule of the Avars in the Carpathian Basin.

Analysis of the skeletons demonstrated that the burials
must have taken place in the second half of the seventh cen-
tury AD and the beginning of the eighth century AD. Since we
must assume—on the basis of the archaeological findings –
that the burials took place at the same time, we can even limit
the period to 662–691 AD5 or even 669–673 AD6 on the basis
of the five radiocarbon samples (Table 2). The result suggests
that a longer period of time has passed between the use phase
of the house and the burials. However, the charcoal analysis
does not allow us to determine the exact time of abandonment.
In addition, observations on wooden post constructions in the

3 Radiocarbon analyses were performed in the AMS 14C laboratory of
Isotoptech ZRT in Debrecen, Hungary.
4 L-temperature fraction and H-temperature fraction.
5 Calibrated calendar age (cal AD) (2σ) 95.4% area enclosed: reliability
78.16%.
6 Calibrated calendar age (cal AD) (1σ) 68.3% area enclosed: reliability
73.74%.
0 On this problem, and for further literature see Toplak 2017, 55.

Fig. 7 Front (left) and back sides
(right) of the rectangular iron
buckles from the graves 41, 42
and 43 with mapping of organic
and textile remains (drawing and
photos: Ulrike Töchterle and
Theresa Hinterkörner)
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ground show that one can probably assume a durability of
about 100 years on a rough average (Schmidt et al. 2005, p
161f). Since the five individuals were placed exactly inside the
house, and two of the individuals were lying on the floor, we
must assume that the house was still standing at the time of the
burials and the floor was clear. The results of the bone analysis
clearly show that the individuals were buried in the pit house
at a time when the regular cemetery was in use.

The atypical burials

As far as the burials in the house of Podersdorf am See are
concerned, two unusual factors not conforming to rules come
together: the chosen place within a building and the special
way in which the two individuals are buried in lateral foetal
position. Such “standard” of deviant treatment of the deceased
in burial rites is usually referred to as “deviant burials” or
“special treatments” in the scientific discourse7.

In general, burials in dwellings or workshops are rare.
These are mainly individual burials for newborns or chil-
dren (Preinfalk et al. 2013, p 42f fig 13; Obenaus 2015, p
239; Beilke-Voigt 2008). Burials of adults in pit houses are
only to be found in exceptional cases (Müller 2012, p 472f;
Tóth 2006, pp 19–23 fig 12-13, p 37f fig 22. 23; http://
www.archaeologie-online.de/magazin/nachrichten/
ak tue l l e s -von -de r -b6n - s l awi sche - s i ed lung -mi t -
hausbestattung-entdeckt-17446/). In some cases, burials of
animals such as a horse in a pit house in Seebarn (A) are
also documented (Blesl and Preinfalk 2007, p 36f fig 46).
Contrary to the five burials in the house of Podersdorf, the
comparative examples always involve single burials. It is
difficult to find a common interpretation for the burials
within the house (Beilke-Voigt 2008; Beilke-Voigt 2009).
First, it must be decided whether the burials represent the
end of the use of the house or whether the house was still
inhabited. The findings of Podersdorf show that the two
burials were deposited on the floor, thus confirming the
end of the house’s use.

Individuals buried in foetal position are “more com-
mon”. In the east Austrian region south of the Danube, this7 On this problem, and for further literature see Toplak 2017, 55.

Fig. 8 Flint stones, a needle case
and a grindstone from graves 41
and 42 (photos: Andreas
Blaickner)

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


form of burial, which deviates from the rule, has been
known since the Roman Empire (Fig. 9). Evidence of this
can be found continuously until the High Middle Ages. In
Early Mediaeval cemeteries of the Carpathian Basin, this
type of burial only occurs in less than 1% of all known
graves. Most of these cases, 37 burials, are known from
the area east of the river Tisza (Bende 2017, p 282).
Anthropological studies have shown that this type of burial
was not limited to a specific sex or age group (Bende 2017,
p 282). It was also observed that none of these burials had
food as grave goods (Bende 2017, p 282). The preferred
location of these burials,, as in the case of Podersdorf, is
at the edge of the cemetery. In addition, it can be stated that
hardly any grave goods or jewellery were added to the de-
ceased. There is no generally acknowledged interpretation
of the special position: The foetal position can therefore be
the expression of a loving burial, combined with the wish of
the bereaved that the deceased find a rest similar to sleep

(Nießen 2012, p 20). Due to a lack of grave goods or the
small number thereof, the deceased were sometimes
interpreted as servants or as unfree persons (Obenaus
2010, p 179), and sometimes as members of a different
ethnicity (Puschnigg 1996, p 74; Milella et al. 2015, p 11;
Kulcsár 1998, p 32). According to mediaeval written
sources, this burial position was associated with the protec-
tion against “dangerous” dead (revenants and undead)
(Brather 2007, p 116).

It is often forgotten that individuals buried in the foetal
position, which burials are regarded as “deviant”, occur
again and again over a long period from the Roman
Empire to the Middle Ages. In addition, they are not lim-
ited to a small area, but can be found from the Volga to
Britain (Milella et al. 2015, p 11; Kulcsár 1998, p 32).
Accordingly, it seems almost impossible to find a uniform
interpretation for the intention behind the foetal position
in the burial ritual.

Fig. 9 Distribution of crouched burials in Eastern Austria south of the
Danube. Red: Roman Empire and Late Antiquity; Blue: Early Middle
Ages; Green: High Middle Ages. 1: Perchtoldsdorf-Aspettengasse (grave
20), 2: Zwölfaxing-Feldsiedlung (grave 37a), 3: Mödling-An der
Goldenen Stiege (graves 365 and 538), 4: Guntramsdorf-Henschlgasse
(grave 36/1), 5: Hirtenberg-Patronenfabrik (grave 1939/2), 6:
Leobersdorf-Ziegelei Polsterer (graves 42, 75 and 147), 7: Frohsdorf-
Kreuz Äcker (grave 488), 8: Wiesen, 9: Sigleß-Kloaschitzwald (object

1/24), 10: Zillingtal-Unterer Kapellenberg (graves C124, C143 and
C192), 11: Leithaprodersdorf, 12: Stotzing (grave 17), 13: Sommerein-
Steinäcker (grave 111), 14: Bad Deutschaltenburg, 15: Oggau-Triftäcker
(grave II), 16: Rust (grave 11), 17: Podersdorf-Winkeläcker (crouched
burial 1 and 2), 18: Wallern (grave 51), 19: Halbturn (graves 59, 94, 96
and 99), 20: Nickelsdorf-Akaziengasse, 21: Bratislava-Rusovce (SK)
(grave 147) (drawing: Bendeguz Tobias)
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Fig. 10 Sex and age-at-death dis-
tribution (n = 34) (drawing:
Christina Musalek)
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Anthropological results

The macroscopic examination of the five individuals from the
pit house revealed the presence of one subadult (age 10–13
years) [crouched burial 2], two females (age 20–25 years
[crouched burial 1] and 25–40 years [grave 41]), one male
(age 25–35 years [grave 42]) and one adult with undetermined
sex (age 20–25 years [grave 43]). Besides the demographic
analysis of the sample, the research primarily focused on a
morphological comparison with those from the burial ground,
examining possible indications of different socio-economic or
ethnic affiliation of the individuals in the house. The anthro-
pological analysis of the whole sample therefore included the
common assessment of sex and individual age at death
(Acsádi and Nemeskéri 1970; Brooks and Suchey 1990;
Lovejoy et al. 1985; Rösing 1977) as well as the reconstruc-
tion of body height (Trotter and Gleser 1952). In addition, a
paleopathological examination was conducted on the skeletal
remains from the excavation in 2017, including the burials
inside the pit house (Ortner 2003; Waldron 2008).

The demographic profile of the 39 individuals examined so
far corresponds to a normal living population, including both
adult men and women as well as children (Fig. 10). The sex
ratio among the adults is balanced with 10 male and 10 female
identified individuals, whereas the age-at-death distribution
has a broad range, with a remarkable, although not uncom-
mon, high number of subadult individuals who died before the
age of 6. The majority of adult individuals died between the
age of 20 and 40.

While the individuals from the pit house do not deviate
from the demographic distribution, there is a noticeable dif-
ference in the state of bone preservation. Unlike the

inhumations inside the house and in the nearby grave 40, the
majority of the skeletal remains from the burial ground display
a high degree of fragmentation and cortical erosion, which are
mainly due to systematic grave robbing of the burial site.
Apart from this postmortem destruction, there is no macro-
scopic evidence of any morphological variation between the
individuals buried inside and outside the house. The mean
body height of 169.6 cm of the sample from the pit house
corresponds to that of the individuals from the burial ground.
Furthermore, sexual dimorphism exists in both samples, ac-
cording to which male individuals are, on average, taller and
show higher skeletal robustness and pronounced musculo-
skeletal stress markers on the long bones of the upper and
lower limbs than the females. Hence, as entheseal changes
seem to arise from excessive physical stress, specific activities
and occupational patterns may be associated therewith
(Martin et al. 2013).

The specific paleopathological examination of the individ-
uals from the pit house revealed skeletal evidence of non-
specific inflammatory or infectious processes. As an example,
the male individual of grave 42 displays multiple changes on
the skull and postcranium, which mainly point to previous
traumatic events. As depicted, the unhealed lesion and active
new bone formation on the left maxilla (Fig. 11) indicate
active inflammation of the surrounding tissue during his life-
time. Dental pathologies of the right upper teeth further imply
unilateral food consumption due to permanent pain. The same
individual also showsmarked new bone formation on the right
tibia and fibula, suggesting chronic, posttraumatic periostitis
of the bones (Fig. 12). In contrast to the skeletal evidence of
intravital injuries and traumata, the cause of death could only
be presumed in one case: the male individual in grave 40.
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Multiple unhealed lesions on the ventral surface of the left ribs
indicate an active pulmonary infection at the time of death
(Fig. 13).

In terms of the dental status of the sample, it can be
established that moderate attrition and calculus, which may
be associated with dietary composition, thus indicating a
fibre-rich diet of the population, are the main pathologies.
Two individuals from the house (grave 42, crouched burial
2) additionally exhibit severe occlusal carious lesions (Fig.
14), which are quite uncommon in Avar populations and

especially remarkable considering the young age (10-13
years) of one of the individuals.

Both individuals were buried next to each other, which
further raises the question of whether there is a social or

Fig. 13 New woven bone formation on the ventral surface of the rib,
caused by an active pulmonary disease (photo: W. Reichmann, NHM)

Fig. 11 Infraorbital lesion with new bone formation on the left upper
maxilla (photo: W. Reichmann, NHM)

Fig. 12 Diaphyses of the right tibia and fibula with marked periosteal
reactions, indicating chronic inflammation (photo: W. Reichmann,
NHM)

Fig. 14 Mandible of the subadult individual: severe occlusal caries
lesions of the molars, right side more affected (photo: W. Reichmann,
NHM)
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genetic link between them. The similar distribution and sever-
ity of caries could be based on predisposition or even on a
shared variant nutrition. Further dental examinations revealed
shovel-shaped upper incisors. This non-metric trait is still
common in, but not limited to, modern populations of
North-East Asia and is associated by extension with Avar
ancestry and the ethnic affiliation of the population from
Podersdorf (Kimura et al. 2009). The prevalence of such
shovel-shaped teeth in the whole sample further implies a
genetic relationship.

In summary, the anthropological results from the indi-
viduals in the pit house are consistent with those of the
previous excavations in Podersdorf. Despite the small
sample size from 2017, the demographic profile is the
same, and although additional paleopathological exami-
nations revealed some individual changes and abnormal-
ities, the comparison of both burial sites suggests an
overall macroscopically homogenous population sample.
In conclusion, the anthropological analysis neither does
imply different social or ethnic groups nor does it offer
an explanation for the separate inhumations inside the
house.

Ancient DNA analysis

A total of five solid skeletal remains (one femur, four teeth)
were subjected to ancient DNA (aDNA) analysis according
to the protocol published in Parson et al. (2018). In brief,
the surfaces of the specimens were mechanically cleaned
using a Dremel® tool and chemically cleaned using a 5%
bleach solution. The samples were carefully drilled with a
dental drill at low speed to prevent overheating, the roots
and a portion of the femur were subjected to milling in a
Retsch® ball mill MM400 (Retsch GmbH, Haan,
Germany). The resulting powder was lysed and DNA was
extracted following the protocol described in Loreille et al.
(2007). Estimation of the mitochondrial DNA (mtDNA)

copy number was performed using a tetraplex real-time
PCR quantitation system (manuscript in preparation).
Specimens that showed the highest mtDNA yields were
further used (Table 3). Samples HD317 (crouched burial
1) and HD435.1 (crouched burial 2) were directly subjected
to sequencing library preparation using the Ion Xpress™
Fragment Library Kit (Thermo Fisher Scientific (TFS)) ac-
cording to the manufacturer’s protocol and as described in
Eduardoff et al. (2017). Samples HD41.3 (grave 41),
HD42.2 (grave 42) and HD43.2 (grave 43) were amplified
with the Precision ID mtDNA Whole Genome Panel (TFS,
concept see Strobl et al. 2018) following the manufacturer’s
recommendations. All libraries were sequenced on the Ion
S5™ (TFS) with automated template preparation using the
Ion Chef™ pipeline (TFS) according to the manufacturer’s
protocol. Raw data analysis was performed by means of the
Ion Torrent™ Server analysis pipeline. MtDNA sequence
variants were manually reported relative to the rCRS
(revised Cambridge Reference Sequence, Andrews et al.
1999) based on phylogenetic alignment considerations ac-
cording to Bandelt and Parson (2008) and Parson et al.
(2014). Polynucleotide C-stretches were not analysed.
Haplogroups were determined based on PhyloTree Build
17 (www.phylotree.org; van Oven and Kayser 2009)
using the haplogrouping function in EMPOP (https://
empop.online; Parson and Dür 2007; Huber et al. 2018).

Nuclear DNA yields were low (Table 4) and resulted in
clear genetic sexing only in the case of sample HD41.3,
indicating female sex. The other samples did not yield
enough nuclear DNA for unambiguous sex determination.
The mtDNA analyses were more successful. Individuals
HD42.2 and HD453.1 yielded the same mitotype, sug-
gesting that the individuals could be (closely) maternally
related. The mitotype belonged to haplogroup U5a2a that
is of West-Eurasian provenience. It arose around 6,000
years ago and was also found in an ancient Mesolithic
sample (6,000-5,000 BCE) in the Basque country
(Palencia-Madrid et al. 2017).

Table 3 Summary of specimens analysed in this study. Nuclear DNA (nDNA) and mitochondrial DNA (mtDNA) quantities are listed (mitochondrial
genome equivalents (mtGE)). Molecular genetic methods are shown in the last two columns (drawing: Christina Strobl, Walther Parson)

ID Sample nDNA (70 bp) ng/ul 143 bp mtGE/ul 67 bp mtGE/ul Genetic sexing mitoTiling PEC

HD317 Femur 0.002 7.35 76.62 ? Full CR

HD41.3 Tooth loose 0.105 366.93 3816.02 Female Full profile –

HD42.2 Tooth loose 0.098 1200.34 4312.86 Female Full profile –

HD43.2 Tooth lower jaw 0.005 1334.26 4957.82 ? Full profile –

HD453.1 Tooth loose 0.003 185.76 735.4 ? – Full CR

HD-01-Ref Buccal swab n.a. n.a. n.a. n.a. Full profile n.a.

HD-02-Ref Buccal swab n.a. n.a. n.a. n.a. Full profile n.a.

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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Individual HD317 yielded a haplogroup H1ap1 mitotype
that is nested in superhaplogroup H, West-Eurasia’s most fre-
quent haplogroup.

Individual HD41.3 resulted in a haplogroup U3a mitotype.
This haplogroup arose between 18,000 and 26,000 years ago
and has been reported in Europe since at least 6,000 years
(Salamon et al. 2010).

Individual HD43.2 yielded a haplogroup U5a1b1c
mitotype. This haplogroup is dated between 3,000 and 7,000
years and has been found in Europe.

Discussion

Within the framework of this study relating to the pit house of
Podersdorf am See, we were able to prove, for the first time in
Austria, a settlement from the time of the late fifth and sixth
centuries.

It could also be demonstrated that the burials were dug
inside the house at a time at which regular burials were carried
out in the immediate vicinity. The aDNA analyses also show
that the individuals buried in the foetal position may not be

considered separately, as kinship relationships with
neighbouring burials may exist, as in the case of Podersdorf.
Although the new findings do not provide any explanation for
the different position, they are nevertheless groundbreaking
for future interpretations. In general, the surrounding “regular”
burials should always be included in future interpretations of
burials in foetal position.
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Table 4 Summary of mtDNA results obtained for the analysed samples and contamination controls. Haplogroup estimates are followed by sequence
range and mitotype listed relative to the reference sequence (drawing: Christina Strobl, Walther Parson)

ID Haplogroup Range Mitotype

HD317 H1ap1 1–921 2126–2366 3690–3881 3959–4185 4455–4768
4828–5695 8094–9466 10720–11416 11542–12648
12833–12978 13127–14892 15234–16569

152C 263G 315.1C 750G 8410T 8860G 15326G 16189C
16519C

HD41.3 U3a 1–16569 73G 150T 152C 263G 315.1C 750G 1438G 1661G 1811G
2294G 2706G 2850C 4703C 4769G 6518T 7028T 7245G
8281del 8282del 8283del 8284del 8285del 8286del
8287del 8288del 8289del 8860G 9266A 10506G 11467G
11719A 12308G 12372A 13934T 14139G 14766T
15019C 15326G 15454C 16343G 16390A 16519C

HD42.2 U5a2a 1–16569 73G 151T 263G 315.1C 750G 1438G 2706G 3197C 4769G
7028T 7853A 8860G 9477A 11467G 11719A 12308G
12372A 12406A 13617C 14766T 14793G 15326G
16114A 16256T 16270T 16294T 16526A

HD43.2 U5a1b1c 1–16569 73G 263G 315.1C 750G 1187C 1438G 2706G 3197C
4769G 7028T 8860G 9055A 9477A 9667G 9983G
11467G 11719A 12308G 12372A 13617C 14766T
14793G 15218G 15326G 16192T 16256T 16270T
16291T 16399G

HD453.1 U5a2a 1–933 1573–2543 3134–5733 5885–6238 6344–6698
6982–9862 9988–10166 10220–10347 10489–14945
15228–16569

73G 151T 263G 315.1C 750G 3197C 4769G 7028T 7853A
8860G 9477A 11467G 11719A 12308G 12372A 12406A
13617C 14766T 14793G 15326G 16114A 16256 T
16270T 16294T 16526A

HD-01-Ref H2a2a1 1–16569 315.1C 10463C

HD-02-Ref J1c3 1–16569 73G 185A 263G 295T 315.1C 462T 489C 750G 1438G
2706G 3010A 4216C 4769G 5530T 7028T 7855T 8388C
8460G 8860G 10398G 11251G 11719A 12063T 12612G
13708A 13934T 14766T 14798C 15326G 15452A
16069T 16126C
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