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ABSTRACT: The relationship between material culture and body height, commonly used as a proxy for
reconstructing economic conditions and social stratification, has not previously been examined for early
medieval Avar populations. Therefore, this study investigates the association between estimated body
height and grave goods, funerary characteristics, and activity-related indicators interpreted as markers of
elevated social status in 148 male and 136 female individuals from the Avar burial ground Csokorgasse
(Vienna, Austria). In addition, diachronic changes in body height from the late 6th to the late 8th century
CE, a period marked by substantial transformations in subsistence strategies and lifestyle, are assessed.
Overall, body height shows a slight but statistically insignificant decrease over time in both sexes. Among
males, individuals interred in equestrian graves together with horses were on average more than 6 cm taller
than males buried without horses. Similarly, males identified as warriors based on the presence of weapons
as grave goods were significantly taller than those without weapons. Multipart belt sets, commonly
interpreted as indicators of high-status males, display only a weak and statistically insignificant positive
association with body height. In contrast, patterns observed among females differ markedly: Of the
categories examined, only jewelry shows a statistically significant association with body height, with
shorter women being buried with a greater quantity of jewelry. Thus, whereas male body height is positively
associated with several markers of elevated social status, no comparable pattern can be identified for
females. These results indicate a pronounced sex-specific divergence in the relationship between biological
status, as reflected by body height, and socially expressed status in early medieval Avar society.
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1. Introduction

The fundamental aim of anthropological and bioarchaeological research is to reconstruct the living
conditions and environments of past populations, including their subsistence strategies, social stratification,
gender roles, and their responses to crises—whether political upheavals, subsistence stress, environmental
change, or armed conflict. Methodological advances in paleogenetics, isotope analysis, and proteomics
have contributed to new insights into group structures, morbidity and mortality, nutrition, kinship,
migration patterns, pathologies, and epidemics [1]. However, material remains cannot be dispensed with,
as they are a particularly important source of information on social parameters [2,3]. This is especially true
for societies that have left little or no written sources of their own and whose lifestyle and living conditions
can only be reconstructed without written information or based on written remains from other populations.
A major difficulty here lies in the interpretation of material finds when they are used to reconstruct social
structures or gender roles, as these interpretations are usually based on recent patterns, even though we do
not know whether these associations between material goods and social status or gender identity also apply
to the population under investigation [4].

In recent decades, economic historians have suggested using biological proxies when reconstructing
economic and social processes, as these are often associated with the somatic characteristics of the people
involved [5—11]. One parameter that has been used frequently is body height, which results from growth
during the subadult phase of life [12]. Since the growth process is influenced not only by genetic and
biological components but also by exogenous factors from the social, political, economic, and natural
environments [12,13], body height largely reflects living conditions during the subadult phase [14,15].
Body height can thus be interpreted as a biological proxy for childhood and adolescent living conditions,
but it also serves as a social signal and has been associated with social status, dominance, and competence
[16]. In addition, a positive correlation between body height and the possibility of social mobility has been
described [17]. Recently, the association of tallness with competence, economic success, and dominance
has led to the current discussion of heightism [18].

In prehistoric and historical populations, analyzing the association between body height and material
remains in an archaeological context is a possibility of examining the interaction between biological and
social status [19]. On the one hand, it allows us to examine the significance of social inequality for living
conditions in childhood and adolescence and thus for the growth process, and, on the other hand, enables
conclusions to be drawn about the association between biological and material indicators of social status.
This relationship between social-material parameters and biological indicators has been examined relatively
rarely to date. Most of these studies have focused on the significance of the Neolithic transition for
biological indicators such as body height [20-22], with very inconsistent associations being observed
[23,24]. Studies of medieval populations also found no significant correlations between body height and
material indicators of social status [19,25], although taller stature, better nutritional status, and lower stress
levels have repeatedly been described for social elites in historical and prehistoric populations [26—32].

Such an analysis has not yet been conducted for the Avars, a population without written records that
originated in Central Asia and dominated the Carpathian Basin and the Pannonian Basin in eastern Central
Europe from the 6th to the early 9th century CE [33]. Therefore, the present study focuses on the interaction
between social and biological status based on the association between funerary treatment, grave goods, and
skeletal biology in a sample of early medieval Avars from Austria.

The Avars

In the 6th century CE, the Avars reached the Carpathian Basin and eventually the Pannonian Basin in
what is now Austria. Their origins had long been the subject of speculation [33], as the Avars themselves
left no written sources and historical information came exclusively from the Franks and the Byzantines,
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who cannot be considered objective, as the Avars were at war with both groups [34]. Recent paleogenetic
analyses now prove their origin in Central Asia in the area of present-day Mongolia and a genetic
relationship with the Central Asian Rouran [35]. They reached Europe in the fastest long-distance migration
ever recorded. They covered more than 5000 km within a few years and had already reached the region of
present-day Ukraine by 567 CE [35]. For about 250 years, the Avars dominated an area stretching from the
Carpathian Basin to the Alps, encompassing parts of the present-day states of Austria, Bulgaria, Croatia,
Czechia, Hungary, Romania, and Serbia [36]. They are documented in the area of present-day Austria until
around 800 CE, after which they disappear in the course of Charlemagne’s wars against the Franks, just as
suddenly as they had appeared in this region. In the Carpathian region, there is evidence of Avar settlement
until the 9th century [33,35,37-39]. The fate of the Avars remains unclear to this day. It can be assumed
that after the collapse of Avar rule, many Avars were baptized and integrated into the Frankish Empire,
while others fled eastward and joined the Bulgarians [40].

Furthermore, little is known about the Avar way of life and social structures. Their rapid movement
from Central Asia to Europe was likely due to their specialized warfare tactics, in which horses played a
particularly important role. Their enemies, the Byzantines and Franks, described them as brutal horsemen
[33,34]. The introduction of the systematic use of iron stirrups gave the Avar horsemen great stability in
the saddle and enabled them to wage war efficiently as mounted archers [33,41]. Horses therefore, played
a central role in the lives of the Avars, with riding being practiced not only by male warriors but also by
women. Traces of habitual riding have also been found on female skeletons [42].

As far as the Avar way of life is concerned, it is assumed that a transition in subsistence took place
during the approximately 200 years of settlement in the Carpathians and the Pannonian Basin. The
equestrian nomadic lifestyle changed towards a subsistence based on livestock farming and agriculture [33].
Despite this transition, the horse retained a high status in Avar society [36], which can be seen not only
from the equestrian characteristics of the skeleton in all periods, but also in the few equestrian burials,
which, according to the grave goods, were interpreted as particularly high status [43,44].

However, apart from the great importance of horses, little is known about Avar society. Due to the lack
of written sources, we can often only speculate about social structure, gender roles, and lifestyle. Even
though a recent paleogenetic analysis provided clear evidence of a patrilineal society with female exogamy
but levirate marriages [38], grave inventories are still considered the most frequently used sources for
reconstructing social status and social structure. More than 100,000 graves have been identified in the Avar
settlement area in Europe, making them the main source of information about the Avar way of life beyond
their military successes [33,39]. Numerous Avar-era burial grounds have also been identified and excavated
in the eastern part of present-day Austria [45—47]. On the one hand, weapons buried with the dead attest to
the great importance of warriors in Avar society [33,40]. On the other hand, non-military grave goods such
as amphoras, jewelry, in particular gold earrings, bracelets, and—most prominently—their multipart belt
sets can be interpreted as indicators of the social status and wealth of the deceased [33,34]. An association
between grave goods and social status was described primarily for the male gender due to the high
significance of weapons, but especially of multipart belt sets. As far as the social status of Avar women is
concerned, only the analysis by Distelberger [48] is available to date for the Avars in the area of present-
day Austria. Consequently, relatively little is known about gender roles, social status, and the lives of Avar
women in this area.

Hence, this study focuses on sex differences in the interaction between social and biological status
based on the association between funerary treatment, grave goods, and skeletal biology in a sample of early
medieval Avars. This approach requires interdisciplinary collaboration so that the material, social, and
biological aspects can be analyzed competently. Therefore, this study was conducted in collaboration
between archaeology and anthropology to relate material and social factors, such as grave goods and burial
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characteristics, to biological markers, in this case body height and osteological signs of habitual horse riding.

The following hypotheses were tested:

1. Body height is positively associated with grave goods, funeral characteristics, and activity indicators
that symbolize higher social status.

2. The associations between social and biological parameters are more pronounced in men than in women.

2. Materials and Methods
2.1. The Site—The Avar Cemetery at Csokorgasse, Vienna (Austria)

About 50 years ago, a rescue excavation by the Vienna City Archaeology Department (Museen der
Stadt Wien—Stadtarchdologie) in the Csokorgasse area of the 11th district of Vienna, Austria, uncovered
an early medieval burial ground at the eastern fringe of the southeastern Upper Danube River Basin
(sUDRB), comprising 755 burials in 705 graves (Figures 1 and 2).

Therefore, the Csokorgasse burial ground is one of the largest Avar cemeteries in what is now
Austria—almost all the skeletons recovered from the Csokorgasse burial ground are currently housed in
the collection of the Department of Evolutionary Anthropology at the University of Vienna. Demographic
analyses showed that a typical early medieval population was buried in the Csokorgasse area, comprising
240 adult females, 232 adult males, and 312 subadult individuals. 214 individuals were younger than 6
years. Based on the grave goods, the burial ground was attributed to the Avars [49], and evidence of its use
over a period of about 200 years was found. Preliminary analysis of the grave goods [49,50] and
zooarchaeological analysis [51] led to a chronological classification of most of the graves recovered,
proving that this burial ground was in use for around 200 years. A rough chronological classification
indicates an early occupation phase between approximately 625 and 675 CE, a middle phase from 675 to
735 AD, and a late Avar period from approximately 735 to 800 AD. In terms of chronology, the sample is
evenly distributed: one-third belongs to the early, middle, and late phases of the burial ground.
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Figure 1. Location of the Csokorgasse burial ground in Vienna (Austria) at the southeastern Upper Danube River Basin (SUDRB)
(Dominik Hagmann 2026; sources: Federal Office of Metrology and Surveying, City of Vienna—https://data.wien.gv.at/—
accessed on 15 March 2026, Copernicus, Natural Earth).
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Figure 2. The Vienna-Csokorgasse site in Austria, with more than 700 burials (grave outlines marked in green) excavated in the 1970s
during urban redevelopment and the construction of housing estates, is located at the southeastern city border and is today completely
built over (Dominik Hagmann 2026; sources: Federal Office of Metrology and Surveying, City of Vienna—https://data.wien.gv.at/—

accessed on 15 March 2026, Museums of the City of Vienna—City Archaeology, Copernicus, Natural Earth).

The first comprehensive analysis of the recovered skeletons was carried out in the 1980s [52], and
various other issues have been published in numerous studies [42,53-57].

2.2. The Sample

A total of 284 individuals were included in the present study—the strict exclusion criteria are illustrated

in Figure 3.
n = 753 individuals Excluded:
in —_— - Subadults
705 graves (n=312)
Excluded:
Adult individuals ——— o - Robbed or disturbed graves
(n=441) (n=19)
Excluded:
- No complete long bones for body height reconstruction available
(n=74)
- No chronological information
(n=63)

Figure 3. Flow chart of the sampling strategy used to define the individuals included in this study from the Avar burial ground

at Vienna-Csokorgasse.
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Only adult individuals whose biological skeletons could be analyzed based on morphological
characteristics, and whose long bones were preserved in a way that allowed their height to be reconstructed,
were included. In addition, individuals who came from disturbed or robbed graves and who could not be
assigned to one of the three chronological phases were excluded. Consequently, a total of 284 skeletons
were included in the present study. This is 38% of the 755 burials and about 64.4% of the individuals older
than 20 years excavated there.

2.3. Sex and Age Determination

Sex and age at death of the individuals were estimated by combining various morphological standard
techniques. For sex determination, pelvic bones were classified according to Phenice [58] and Walker [59],
and skull morphology according to Walker in Buikstra and Ubelaker [60]. For age at death evaluation, we
used the pubic symphysis scoring system according to Brooks and Suchey [61], and the auricular surface
of the ilium according to Lovejoy et al. [62]. Furthermore, mandibular and maxillary attrition were used
according to Lovejoy [63]. We compared our sex and age at death results with those provided by
Grof3schmidt [52]. Since sex diagnosis was based exclusively on osteological parameters, this study
considers only biological sex and uses the term sex.

2.4. Anthropometrics and Body Height Estimation

Body height was estimated by the regression formulas of Breitinger [64] for male classified individuals
and the formula of Bach [65] for female classified individuals, although these two determination formulas
are mainly used in German-speaking countries. Our decision to use these methods is based on the fact that
most older body height estimations of Avar skeletons in Austria are also based on these methods. Therefore,
better comparability was one reason to apply these methods. Furthermore, all regression formulas for
reconstructing body height are based on data from recent humans and therefore are only of limited
applicability to a historical population such as the Avars in question. In general, body heights calculated
using formulas based on another reference population are less reliable [66]. To calculate the body height,
the following measurements were taken using a standard osteometric board according to the
recommendations of Brauer [67]:

Femur: maximum length
Tibia: maximum length
Humerus: maximum length
Radius: maximum length

To avoid inter-observer error, only one trained person (S. Kirchengast) carried out all measurements.
To ensure the repeatability of metric data, all measurements were taken twice, and the arithmetic mean
value was calculated.

2.5. Indicators of Frequent Horse Riding

As indicators of frequent horse riding, we used the non-metric Poirier’s facet of the anterior area of the
femoral head-neck junction according to the classification system developed by Radi et al. [68]. According
to Radi et al. [68], the characteristics of Poirier’s facet are as follows:

1. The expansion surface on the femoral neck is continuous with the articular surface of the femoral head.

2. The expansion surface on the femoral neck is on the same plane as the femoral head.
3. The expansion surface on the femoral neck is smooth.

As a metric indicator of horse riding, we used the Index of Ovalization of the Acetabulum [IOA]
according to Berthon et al. [69]. The IOA quantifies the “vertical elongation of the acetabulum”



Nat. Anthropol. 2026, 4(1), 10004. doi:10.70322/natanthropol.2026.10004 7 0f 18

[“ovalization”] and is defined as the quotient of the “maximum vertical diameter of the acetabulum [VEAC]”
and the “maximum horizontal diameter of the acetabulum [HOAC]:”

IOA = VEAC/HOAC (D

Only one observer (B. Biihler) took the measurements using a digital caliper, in mm, to 1 decimal.
Each VEAC and HOAC was measured twice, and the arithmetic mean value was calculated. The mean
values of VEAC and HOAC were then used to calculate the IOA. Intra-observer reliability was measured
by conducting a third round of measurements for 10 randomly selected individuals (20 femora), several
months after the session for measurements 1 (initial measurement) and 2 (control measurement). Habitual
horse-riding was diagnosed if either a Poirier’s facet was present and/or the IOA exceeded 1.05.

2.6. Social Indicators

As characteristics to define the social funerary context, we used grave depth below the excavation
horizon, the presence of a coffin, and equestrian burials, defined as graves containing skeletal remains of a
horse together with the deceased. A grave depth of more than 1 m below the excavation horizon and the
presence of a coffin were interpreted as indicators of higher status, whereas an equestrian burial was
regarded as evidence of very high social status. As further indicators of social status, multipart-belt sets
were used for males, as these are interpreted as a special status symbol among the Avars. Daim [43] and
Baron [51] describe a significant association between belt sets as grave goods and the depth of the grave.
The inclusion of jewelry (earrings, fingerings, bracelets, necklaces) was also considered a social indicator.
At least one weapon (composite bow remains, arrowheads, sword, saber, sax) as a grave good was
considered an indicator of a warrior. In addition, the number of weapons among warriors was also taken
into account.

2.7. Data Management and Visualization

Bioarcheological data were stored in XLSX files and managed via the open-source geographic
information system QGIS (version 3.44) and Google Drive to ensure centralized access and version control
[70]. For spatial data integration and visualization, a scaled digital drawing of the Csokorgasse burial
ground (DWG format, courtesy of the Museums of the City of Vienna—City Archaeology) was imported
into QGIS to provide the necessary spatial framework. All mappings were conducted using the coordinate
reference systems EPSG:3395 (WGS 84/World Mercator) and EPSG:32633 (WGS 84/UTM zone 33N).

2.8. Statistical Analysis

For statistical analyses, we used SPSS for Windows (version 31). After calculating descriptive statistics,
the non-parametric Kruskall-Wallis-test and the Mann Whitney U-test were used to test group differences
in body height with respect to statistical significance. Fisher’s exact tests were applied to test group
differences of non-metric parameters. Variance in body height was evaluated by the coefficient of variation.
V*=(1+ 1/4n) x (100sd/mean). (n = sample size, sd = standard deviation) According to Sokal and Rohlf
[71]. This method was used in a similar analysis by Sparacello et al. [72]. Linear multiple regression
analyses were performed to test the impact of social indicators and chronology on body height. A p-value
< 0.05 was considered significant.

3. Results
3.1. Sexual Dimorphism in Biological and Social Parameters

Mean male body height was 168.9 cm (+4.2) and ranged from 156.5 to 180.5 cm, while mean female
body height was 158.8 cm (£3.6). Consequently, male individuals were on average 10.1 cm taller than their
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female counterparts. This difference was statistically significant (p < 0.001). Over 40% of men and women
exhibited characteristics of habitual riding, with men exhibiting this characteristic slightly more frequently.
An equestrian grave was found among 3 males only. As expected, weapons, indicators of a warrior, and
multipart belt sets occurred exclusively among males, while jewelry was found significantly more often in
female’s graves (Table 1).

Table 1. Sex differences in biological and social parameters (Fisher exact tests).

Males Females

Non-Metric Parameters n % n % p-Value
Signs of a coffin 66 44.6% 65 47.8% 0.337
Grave depth
<lm 103 70.1% 89 65.4% 0.240
>l m 44 29.9% 47 34.6%
equestrian grave 3 2.0% 0 0.0% 0.140
Signs of habitual horse riding
Yes 32 47.8% 27 43.5% 0.381
No 35 52.2% 35 56.5%
region not present 83 77
Weapons present 61 41.2% 1 0.7% <0.001
Warrior 2 and more weapons present 21 14.2% 0 0.0% <0.001
Multipart belt set 31 20.9% 0 0.0% <0.001
Jewelry present 57 38.5% 110 80.9% <0.001

3.2. Diachronic Changes in Body Height

The examination of diachronic trends in body height from the early Avar period in the 7th century to
the late Avar period in the second half of the 8th century showed no statistically significant changes in body
height. Nevertheless, a trend can be observed. There is a reduction in average body height over time. This
applies to both sexes, although the reduction in average body height is more pronounced in males. The
average body height of males decreased by 1.7 cm from 169.7 to 168 cm, while the average body height of
females decreased by only 0.7 cm from 159.1 to 158.4 cm from the early to the late Avar period.
Furthermore, the coefficient of variation of body height varies more significantly between the chronological
phases in males (Table 2).

Table 2. Body height and chronology for each sex separately (Kruskall-Wallis Tests).

Body Height [in cm]

Chronology n % Mean SD Median  Min Max v+
Males 148

Early Avar period 60  405% 1697 43 169.1 1615 1805  2.54
Middle Avar period 47 31.8% 168.7 3.8 169.0 1565 1773 226
Late Avar period 41 277% 168.0 42 167.5 1600 1785 252
H=3.7,p=0.155

Females 136

Early Avar Period 45 33.1% 159.1 3.7 159.5 1505 1655  2.33
Middle Avar Period 49 36.0% 158.7 3.6 158.5 1520 1695 229
Late Avar Period 42 309% 1584 3.6 158.1 1510 1667 228

H-value: 1.99, p = 368
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3.3. Body Height and Indicators of Status

Table 3 demonstrates body heights according to social status associated parameters for males and
females separately.

Table 3. Body height and selected indicators of social status for each sex separately (Kruskall wallis tests *, Mann-Whitney U
tests **).

Body Height (in cm)

Status Indicators

n % Mean SD Min Max Difference p-Value

Males 148

Horse riding
No signs 35 23.6% 169.4 4.4 156.5 177.5 14 0.084 *
Signs of horse riding 30 20.3% 167.8 4.2 160.0 174.0
Undeterminable 83 56.1% 168.7 3.9 159.3 180.5

equestrian grave
yes 3 2.0% 175.1 24 172.8 177.5 6.5 0.003 **
no 145 98.0% 168.6 4.0 156.5 180.5

Coffin sign
Yes 66 44.6% 168.3 39 160.0 176.8 0.7 0.147 **
no 82 55.4% 168.6 43 156.5 180.5

depth
<lm 103 69.6% 168.9 4.2 156.5 180.5 0.2 0.389 **
>l m 44 29.7% 169.1 4.1 160.0 177.7

Warrior
yes 61 41.2% 169.8 3.9 161.0 180.5 1.6 0.005 **
no 87 58.8% 168.2 4.1 156.5 179.5

Number of weapons
1 35 23.6% 167.8 43 160.3 179.5 0.049 *
2 17 11.5% 171.1 3.5 164.5 178.3
>3 9 6.1% 171.4 3.9 162.2 173.9

Multipart Belt set
yes 31 20.9% 169.5 3.2 162.2 176.6 0.9 0.120 **
no 117 79.1% 168.6 43 156.5 180.5

Jewellery
yes 57 38.5% 168.8 34 156.5 175.7 0.1 0.32] **
no 91 61.5% 168.9 4.4 159.3 180.5

Females 136

Horse riding
No signs 35 25.7% 158.8 3.2 152.0 166.0 0.9 0.188 *
Signs of horse riding 24 17.6% 159.7 4.3 150.9 169.5
undeterminable 77 56.6% 158.4 3.7 150.5 167.0

Coffin sign
Yes 65 47.8% 158.9 39 150.5 169.5 0.3 0.300 **
no 71 52.2% 158.6 3.3 151.0 166.7

depth
<lm 89 65.4% 159,1 3.7 150.9 169.5 0.8 0.096 **
>l m 47 34.6% 158.2 3.5 150.5 165.3

Jewelry
Yes 110 80.9% 158.5 3.7 150.5 169.5 1.3 0.042 **

no 26 19.1% 159.8 3.3 151.0 166.7
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Among males, the greatest difference in body height was found between individuals who were interred
in an equestrian grave together with a horse and those who were buried without horses in non-equestrian
graves. The average body height of those buried in an equestrian grave was 175.1 cm, which was on average
6.5 cm taller than that of men who were buried without horses. This difference was highly significant (p =
0.003); however, only 3 equestrian burials were available for comparison. No equestrian burials were
identified for women. However, in terms of osteological evidence of frequent horse riding, men and women
who were thought to have ridden frequently were shorter than men and women who showed no
morphological or metric evidence of habitual horse riding. The difference in body height was 1.6 cm on
average for men and 0.9 cm for women. However, these differences were not significant. Regarding jewelry
grave goods, there were no differences in body height between men who had been buried with jewelry and
those who had not. In contrast, a significant difference in body height was found between women with and
without jewelry. Women without jewelry were significantly taller, by an average of 1.3 cm (Table 3).

Among men, there was a highly significant difference (p = 0.005) between warriors, i.e., men who
were buried with weapons, and those who were not buried with weapons. Men who carried weapons, or
warriors, were on average 1.6 cm taller than men without weapons. Among the warriors, the number of
weapons in the grave was also significantly associated with body height. Men who had been buried with
three or more weapons were significantly taller, with an average height of 171.4 cm, than men who had
been buried with only one weapon and had an average height of only 167.8 cm. In contrast, no significant
difference in body height was found between men with a multipart belt set and those without evidence of a
belt set (Table 3).

These observations were confirmed by the results of multiple regression analysis (Table 4). In women,
there were no significant associations between body height and chronology, equestrian characteristics, and
jewelry. In men, however, there was a significant negative diachronic trend in height, as well as a highly
significant association between equestrian graves and body height, and a significant negative association
between jewelry and body height.

Table 4. Impact of social status on body height for each sex differently (multiple regression analyses).

R? B p-Value 95% CI
Dependent variable: Body height
males
Chronology 1.0 —1.09 0.018 -1.99-0.19
equestrian grave 7.56 0.003 2.60-12.52
Grave depth category —0.32 0.704 -1.96-1.32
Coffin signs 0.84 0.311 —0.79-2.47
warrior —0.79 0.640 —4.11-2.54
Number of weapons 0.46 0.542 —1.01-1.95
Multipart belt set 0.18 0.862 —1.84-2.19
Jewellery —0.52 0.486 —1.99-0.95
females
Chronology 0.5 —0.28 0472 —1.06-0.49
Grave depth category -1.12 0.123 —2.55-0.31
Coffin signs 0.84 0.225 —0.52-2.19
Jewellery —1.40 0.077 —2.96-0.16

4. Discussion

This study is the first to analyze the associations between indicators of social and biological status, as
reflected by body height, in a sample of Avars from the area of present-day Austria. It focuses on the Avar
population of the Vienna-Csokorgasse burial ground, one of the largest Avar cemeteries in Austria. Here,
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body height is used as a biological proxy for living conditions during childhood and adolescence to examine
its relationship with indicators of social status among early medieval Avars. Although major international
projects, particularly paleogenetic studies, have recently provided important new insights into Avar history
[35,37-39], many aspects of Avar society and gender roles remain unresolved.

However, it is known from recent populations that health and disease, but also body height, are closely
related to social factors—higher socioeconomic and social status is associated with higher life expectancy,
lower disease burden, and greater body height [73—78]. The reason for this is lower social and biological
stress levels associated with higher socioeconomic and social status. The higher the socioeconomic status,
the better the access to medical care, the better the living conditions, the less strenuous and risky the
occupations, and often the greater the health awareness, which leads to better nutrition and lower
consumption of stimulants and addictive substances [79,80]. But can this pattern, which is valid for recent
populations, also be applied to historical and prehistoric populations?

Some studies of historical populations have been able to demonstrate a correlation between biological
indicators such as body height and social status [30—32,72,81], while others have not [19,21,25]. To date,
there have been no studies on body height and social status among the Avars from Austrian sites. In a
previous study of our group, the association between biological stress indicators, such as enamel hypoplasia
or cribra orbitalia, and body height in the Avar population from the Vienna Csokor Gasse burial ground
was tested. But we found no significant correlations between periods of stress in childhood and adult body
height [55]. One problem in analyzing associations between social and biological status among the Avars
is the limited knowledge of social stratification, social structure, and gender roles.

What is certain is that horses played a central role in Avar society [82], as typical of populations from
the steppe areas of central and east Asia [83]. Among the Avars, both men and women were habitual riders
[42,44], and that riding was associated with higher social status [56]. In the present study, this pattern is
reflected in the significantly greater body height of men buried in equestrian graves: Avar men interred
with horses were significantly taller than those not buried with a horse, with an average height difference
of 6.5 cm. However, it should be noted that only three men were buried with horses in the present sample,
so this sample cannot be interpreted as representative. Similarly, warriors, i.e., men who had been buried
with weapons, were significantly taller than men who had been buried without weapons. Body height also
increased significantly with the number of weapons. It is possible that tallness led to selection as warriors,
or that future warriors received special treatment during the subadult phase, with better nutrition and the
prospect of social advancement, thus experiencing an enhanced growth process.

No significant differences in body height were observed depending on the presence of a multipart belt
set, although men with belt sets were on average almost 1 cm taller than men without belt sets. Since belt
sets are indicators of higher status, this trend is in line with expectations. There was no significant
association between grave characteristics, such as signs of a coffin or a grave depth of more than 1 m. Both
are considered indicators of higher status, but no differences in body height could be observed. The same
applies to the presence of jewelry in men. Osteological evidence of habitual horse riding was insignificantly
associated with lower body height.

In females, only a significant correlation between body height and jewelry as grave goods was
demonstrated; women who were buried with jewelry were, on average, 1.3 cm shorter than those who were
not. However, women with osteological evidence of habitual horse riding were insignificantly taller than
women without evidence of frequent horse riding.

Hypothesis 1, which predicted that body height would correlate positively with grave goods
symbolizing higher social status, grave characteristics, and activity patterns typical of the Avars, could
therefore only be partially verified.

Only very clear indicators of higher social status, such as equestrian burials, show a highly significant
positive correlation with male body height. The multipart belt set also shows a positive but not significant
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correlation with body height. This corresponds to the results of studies that describe a positive correlation

between social status and biological characteristics [20,26]. The unproven associations between grave

parameters, such as grave depth and coffin remains, and body height correspond to those studies that
reported no differences in body height and other stress indicators depending on grave goods symbolizing

social status [23-25].

One possible explanation for this is that body height reflects living conditions in childhood and
adolescence [15]. Somatic and psychological stress during the growth phase has a negative impact on the
growth process and results in shorter body heights in adulthood [12]. Since we do not know what stresses
Avar children were exposed to, we cannot relate these to social status.

Regarding the spatiotemporal perspective, the Avars occupied the Csokorgasse cemetery for about 200
years; during this period, there was a transition in subsistence, but also repeated armed conflicts. The
average body height in the present sample did not change significantly over this period, but there was an
insignificant decrease in average body height in both sexes. This result is similar to that of Sparacello et al.
[72]. This study analyzed diachronic changes in body height among Iron Age Samnites in Italy. Here, too,
despite significant changes in political conditions, no significant change in body height could be detected.
This also applied to both males and females. In our sample, the lack of diachronic changes in body height
can have various causes:

1. Living conditions in childhood deteriorated during the transition from nomadic horsemen to settled
cattle breeders. In his paleopathological analysis, Gro3schmidt [52] reports a slight deterioration in
health during the middle Avar period. This could indicate periods of stress in childhood, regardless of
social status, which ultimately resulted in shorter stature in adulthood.

2. Another explanation could be that the population buried in the Csokorgasse area became genetically
more heterogeneous. During their migration from Central Asia to Europe, the Avars encountered
numerous other populations, both in war and in peace. The population that reached the Pannonian Basin
and thus the area of present-day Vienna in the late 6th century was no longer homogeneous. The study
by Wang et al. [39] also confirmed genetic heterogeneity in the Avar population in the Pannonian Basin.
A genetically heterogeneous population may have influenced both body height and the distribution of
grave goods. It should also be noted that, from an archaeological perspective, the attribution of
individuals from Avar-era burial grounds to the Avar population is based almost exclusively on cultural
characteristics, such as grave goods, and not on biological characteristics. Distelberger [48] even
recommends referring to Avar-era populations rather than Avars.

The fact that individuals with osteological evidence of habitual horse riding are, on average, shorter
than men with no evidence of habitual horse riding could also be explained by a heterogeneous population.
Horse riding was a typical activity of the Avars, especially the warriors. Non-riders may have belonged to
a different population that followed tasks other than horse riding in Avar society. However, this is
contradicted by the observation that men buried as warriors were, on average, taller than those buried as
non-warriors. Tallness is an important social signal that stands for dominance, aggressiveness, but also
competence and status [84]. Tall men may have been positively selected as warriors. Female riders in our
sample were insignificantly taller than non-riding women. For women who were not warriors, horse riding
may indeed have been an indication of higher status [44].

While the first hypothesis could only be partially confirmed, the second hypothesis, that the association
patterns between social and biological status differ between men and women, was confirmed. In the
biological female sex, hardly any significant associations between social status and body height could be
described. It is well described that males and females differ in genetic and environmental factors
contributing to body height [85]. In the biological male sex, body height is an important signaling factor
that plays a major role in mate selection and is closely linked to social and economic success in recent
populations [16,18,84,86,87]. For biological women, body height plays a significantly lesser role in social
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mobility, economic, and social success. Although this can only be applied to a historical population to a
limited extent, it represents an evolutionary selected pattern [88]. Male body height was shaped by
intrasexual selection, as taller males are physically stronger and tend to have a better fighting ability than
their shorter same sex rivals [89]. Consequently, tallness is related to mating success and was positively
selected. Even in the 20th century, body height is significantly positively related to male reproductive
success, whereas among females, average body height is associated with increased reproductive success
[90]. On the other hand, male tallness signals strength and biological quality and therefore attracts females.
A positive association between social status and body height among males is therefore not only the result
of environmental conditions during childhood and adolescence, but also a consequence of evolution.

Limitations and Strengths

The present study has some limitations, such as the small sample size, even though it is one of the
largest Avar-period cemeteries in Austria. This is due to the very different states of preservation of the
skeletons and the strict inclusion criteria. Another weakness was the exclusively morphological analyses.
Genetic analyses could not be carried out for cost reasons, but could have provided additional information
on population affiliation. The strength of the study is its interdisciplinary approach, which combines
biological-anthropological approaches and archaeological approaches in the sense of interdisciplinary
collaboration—it is thus the first study to examine this question using an Avar sample.

5. Conclusions

Our study demonstrates an association between distinct status-associated social parameters and body
height among early medieval male Avars from the Csokorgasse burial ground in Vienna. In contrast, except
for jewelry, no significant correlation between social status indicators and biological status—specifically
body height—exists among females from the same site. These results indicate that males and females show
different association patterns between material goods and body height. Therefore, the present study
provides initial indications of the importance of sex for the association of social and biological status among
this Avar period population. However, further research is required to elucidate these relationships.
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