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Abstract

In Early Middle Ages (sixth—eleventh centuries AD), South Tyrol (Italian Alps) played a key role for geographical and military reasons.
Historical sources document that allochthonous groups (germani) entered the territory, and the material culture shows mutual cultural
exchanges between autochthonous and germani. Besides the nature of the migration, the demographic and socio-cultural impacts on
the local population are still unknown. Stable isotope analyses were performed to provide insights into dietary patterns, subsistence
strategies, changes in socio-economic structures, and mobility, according to spatial (e.g. valleys, altitudes) and chronological (centuries)
parameters. Bone collagen of 32 faunal and 91 human bone samples from nine sites, located at different altitudes, was extracted for
stable carbon, nitrogen, and sulphur isotope analyses. In total, 94% (30/32) of the faunal remains were of good quality, while the
humans displayed 93% (85/91) of good quality samples for 5'°C and 5'°N and 44% (40/91) for 5>*S stable isotopes. The isotopic
results of the animals reflected a terrestrial-based diet. Statistical differences were observed within and among the humans of the
different valleys. The 5'°C values of individuals sampled from higher altitudes indicated a mainly C; plant-based diet compared to
areas at lower altitudes, where more positive &'>C values showed an intake of C, plants. The §'°N values suggested a terrestrial-based
diet with a greater consumption of animal proteins at higher altitudes. The data revealed higher variability in 5**S values in the Adige
valley, with individuals probably migrating and/or changing dietary habits.
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Introduction

Early medieval South Tyrol: historical
and archaeological context

South Tyrol (Trentino-Alto Adige) is an Alpine region in north-
ern Italy. After the fall of the Western Roman Empire, South
Tyrol was the scene of power struggles and dynastic disputes
due to the change of military forces, such as the Byzantines
(Eastern Roman Empire) and the germani or barbari (e.g.
Goths, Franks, Bavarians, Langobards). The written records of
such events are limited and mainly derive from the account of
Paul the Deacon, Historia Langobardorum (eighth century AD)
and a few other historical documents (Cavada 2004). The archae-
ological findings document a prolonged usage of the Roman
defensive constructions, at least until the late fifth century AD
(Heitmeier 2005; Marzoli et al. 2009). Starting from the sixth
century AD, the Alemannic and Frank military elites entered
the region from the northwest (Venosta valley). The
Langobards first crossed Noricum from the east and then into
the territory of Bolzano in 568 AD (Kustatscher and Romeo
2010). Moreover, Bavarians came from the northeast (Inntal
and Alta Isarco valley), whereas the Slavic groups entered
South Tyrol from the eastern Pusteria valley (Giostra and
Lusuardi Siena 2004; Haas-Gebhard 2004). In this scenario, al-
liances for the domain of the territory between high status fam-
ilies subjected the valleys to continuously changing borders and
presumably led to the migration of people. Toponymy and ar-
chaeological discoveries do not allow for any conclusions to be
drawn regarding the possible settlement of the germani groups
(Bierbrauer 1991; Marzoli et al. 2009). Additionally, the Early
medieval burial sites in South Tyrol have been only partially
investigated (Albertoni 2005) and, until recently, a limited num-
ber of individuals have been studied anthropologically. This leads
to gaps in our knowledge about the past populations in this
territory. The material culture from the funerary contexts exem-
plifies a mutual mixing of cultural habits due to a slow but broad
hybridity between autochthonous and allochthonous practices
(Albertoni 2005; Gasparri and La Rocca 2013). However, it
remains unclear whether these changes were limited to the intro-
duction of foreign cultural goods or accompanied by an admix-
ture of newly arrived groups with the local population (Dal Ri
and Rizzi 1995).

For the Middle Ages, the paleoclimatic data document a cli-
matic pessimum during the sixth—eighth centuries AD, which
was marked by cold, humid weather with increased precipitation
and lower temperatures (Ortolani and Pagliuca 2007). Some
warmer periods are supported by pollen analyses from the
Swiss Alps during the fourth—fifth century AD and the eighth—
eleventh century AD (Tinner et al. 2003). The later medieval
Warm Period corresponded to the prolonged climatic optimum
phase (approx. 950-1250 AD), which was characterised by
warm hemispheric conditions (Hughes and Diaz 1994; Mann
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etal. 2009), that could have intensified the cultivation of C, plant,
such as different millet species, which fix carbon more efficiently
at higher temperature (Ehleringer et al. 1991, 2002). Isotopic
studies regarding northern Italy Bronze Age bones showed that
C, plants, such as broomcorn millet (Panicum miliaceum) and/or
foxtail millet (Setaria italica) already provided an
important dietary contribution for both humans and animals
(Tafuri et al. 2009, 2018; Varalli et al. 2016). Additionally, a
paleodietary study on Celtic population (approx. 2100 years
BP) from northeast Italy documented a predominant consump-
tion of cultivated C, plants (Laffranchi et al. 2016).

In the present study, isotopic analyses were conducted to
gain information on dietary and mobility patterns of Early
medieval populations in the Italian Alps for the first time.
Carbon ('*C/'?C), nitrogen (>N/MN), and sulphur (*S/P%S)
isotope ratios of human and animal bone collagen were
analysed from skeletal remains found at nine archaeological
sites located in the alpine areas. Considering the significant
distance of the studied territory from the coastal zones, the sea
spray effect is not supposed to influence the data. The objec-
tives of this project are to (i) gain insight into the inter- and
intra-isotopic variability throughout both areas (sites, valleys,
altitudes) and time to understand the human subsistence strat-
egies, changes in socio-economic structures and possible ad-
aptation to the environment and (ii) provide information about
mobility, according to spatial (valleys) and chronological
(centuries) parameters.

Stable isotope measurements: reconstructing diet
and mobility

Stable isotope analysis is an established scientific method in
bioarchaeology for the evaluation of dietary and migration
patterns of past populations (e.g. Ambrose 1993; Fuller et al.
2012; Losch et al. 2006, 2014). Today, isotopic studies on
Early medieval skeletal remains are of growing interest (e.g.
Hakenbeck et al. 2010, 2017; Hemer et al. 2013; Knipper et al.
2012; Losch 2009; McGlynn 2007; lacumin et al. 2014,
Reitsema and Vercellotti 2012). With the Copper Age
Iceman being an exception (Hoogewerff and Papesch 2001;
Macko et al. 1999), in South Tyrol, there is a lack of compar-
ative framework, and almost no isotope analyses on human
bones have been performed.

Stable carbon (**C/**C) and nitrogen (ON/N) isotope ratios
are usually examined to study the diet of past humans and/or
animals (e.g. Craig et al. 2009; Halffman and Veleminsky
2015). In particular, the analysis of 5">C values is necessary for
the distinction between C; or C4 plant sources, as C; plants (e.g.
wheat and barley) provide more negative &'°C values (approx. —
35 to — 19%o) than C, plants (approx. — 15 to — 9%¢) (Lee-Thorp
2008; Meier-Augenstein 2010). The analysis of 5'°N values re-
fers to animal protein consumption, both marine and/or terrestrial
sources (Richards et al. 1998). An increase of §'°N values
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provides information on the trophic level, as prey-predator col-
lagen enrichment accounts for 5'°N values of +3 to + 5%o
(Ambrose 1993; Hedges and Reynard 2007; Lee-Thorp et al.
1989). The trophic level enrichment for 5'°C is less increased
with approximately + 1%o (DeNiro and Epstein 1978; Minagawa
and Wada 1984). Analyses from faunal bones are fundamental to
reconstruct the faunal-human trophic relationship (Van Klinken
et al. 2000). This serves as a reference for the general status of a
population and for the reconstruction of the dietary sources in an
archaeological context. Furthermore, this study presents sulphur
(6**S) isotope data for the reconstruction of the human diet (e.g.
freshwater sources), and particularly for its application on mobil-
ity. The values of 5**S are of growing interest in numerous ar-
chaeological studies (e.g. Bollongino et al. 2013; Craig et al.
2006; Losch et al. 2014; Moghaddam et al. 2016, 2018;
Nehlich et al. 2011, 2012, 2014; Oelze et al. 2012; Privat et al.
2007; Richards et al. 2001, 2003; Tafuri et al. 2018; Varalli et al.
2016; Vika 2009). Regarding the oceanic effects, the local geo-
logical context and the atmospheric precipitations are mainly
influencing the 5>*S values. Hence, the isotopic signature in
human and animal bones reflects the diet as well as the habitat
(Nehlich et al. 2011; Vika 2009). Little is known about the §°*S
trophic level shift; however, studies showed that a slight increase
of + 0.5%0+2.4%o is observed between consumers and their diet
(Nehlich 2015). In terrestrial environments, rivers generally ex-
hibit 5°*S values between —5 and + 15%0; however, they are
dependent on the local geology. Therefore, the values can vary
greatly (Nehlich 2015). Thus, individuals living in terrestrial riv-
erine landscapes would be expected to show 5**S values within
the stated range, or slightly above, due to a trophic shift in
general.

Materials and methods

The study was performed on human and faunal skeletal re-
mains from nine archaeological sites (Fig. 1a), located in three
valleys and one basin in South Tyrol (Italy), which are crossed
by two main rivers, the Adige in the west, and the Isarco in the
northeast. The sites have been excavated over the last 30 years
and are located in various ecological environments of those
valleys (e.g. valley floor, hill and mountain) (Table S1). All
sites are from a small territory with different levels of precip-
itations and temperatures (Winckler 2012), especially with
regard to the altitude differences (Fig. 1b). In the Adige valley,
sites are located at the lowest altitudes (mean 348 m a.s.l.),
while the highest are in the Venosta valley (mean
1279 m a.s.l.). The site in Merano basin is at 641 m a.s.l.
and the Isarco valley site is at 817 m a.s.l. (Fig. 1b).

About 121 Early medieval tombs (Adige valley: 21 tombs;
Merano basin: 31; Isarco valley: 49 and Venosta valley: 20)
were recovered. Nevertheless, some of the human remains
came from archaeological stratigraphic units without a clear

tomb structure. At the burial sites of Castel Tirolo (Merano
basin) and Malles Burgusio St. Stefano (Verosta valley), the
tombs were found inside and/or around a church or, as in
Terlano, surrounding a Paleochristian baptistery. The latter site
was located next to areas of worships, maybe due to the pres-
ence of sulphurous water springs (Lunz 1974; Tecchiati and
Zanforlin 2010). When available, the archaeological data on
grave goods were obtained from the original archaeological
survey documentation (unpublished data) or from published
sources (e.g. Marzoli et al. 2009; Marzoli 2002; Reuf3 2016)
(Table S1). The greatest quantity of grave goods was found in
Bressanone Elvas: knives, scramasax (weapon), parts of belts,
necklaces with amber and/or glass beads, earrings and brace-
lets dating (relative dating) approximately to the seventh cen-
tury AD (Kaufmann and Demetz 2004: 76).

In this study, 91 human (Table S1) and 32 faunal remains
(Table S2) were obtained for the isotopic analyses. The faunal
bone samples, 11 (34%) from Adige, 7 (22%) from Merano
basin, 3 (9%) from Isarco and 11 (34%) from Venosta, were
contemporary to the human samples. Out of the 91 humans,
23 (25%) samples were selected from skeletons found in
Adige valley, 24 (26%) from Merano basin, 21 (23%) from
Isarco valley and 23 (25%) from Venosta valley.

Osteological analyses

Age at death and sex were estimated using established anthro-
pological methods. For the age at death of adults, the pubic
symphysis, the epiphyseal-diaphyseal fusions and the
ectocranial suture closures were evaluated (Acsadi and
Nemeskéri 1970; Meindl and Lovejoy 1985; Schaefer et al
2009; Brooks and Suchey 1990). The age at death for sub-
adults was based on the eruption of the deciduous and perma-
nent dentition (AlQathani et al. 2010; Ubelaker 1978), the
measure of diaphyseal lengths, and the assessment of the
epiphyseal-diaphyseal fusions (Fazekas and Kosa 1978;
Maresh 1970; Schaefer et al 2009). Individuals were
attributed to the following age groups: perinatal (38—
40 weeks); newborn (0-2 months); infant 1st (3 months-
6 years); infant 2nd (7-12 years); juvenile (13—19 years);
adult (20—40 years); adult not determinable (n.d.; >
20 years); mature (40-59 years); and senile (> 60 years).
The sex of adult individuals (> 20 years) was estimated
based on sexual dimorphism of various skeletal elements as
described by Buikstra and Ubelaker (1994); Ferembach et al.
(1979) and Murail et al. (2005). In subadults (< 20 years), the
sex was not determined due to the ambiguity of specific sexual
traits (Baker et al. 2005).

Archaeozoological analyses

In South Tyrol, a limited number of archacozoological studies
on Early medieval faunal remains have been conducted (e.g.
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Fig. 1 a Map of South Tyrol,
Italy, displaying the locations of
the archaeological sites and
valleys. Adige valley (Etschtal):
(1) Appiano, S. Paolo
Castelvecchio (Eppan, St. Paul
Altenburg), (2) Montagna,
Pinzano (Montan, Pinzon), (3)
Nalles (Nals), (4) Terlano
(Terlan); Merano basin (Meraner
Becken): (5) Castel Tirolo
(Schloss Tirol); Isarco valley
(Eisacktal): (6) Bressanone Elvas
necropoli 17 (Brixen, Elvas);

VENETO

i Overview ma
Venosta valley (Vinschgau): (7) 7 = 2
5 [ JAN S
Tanlas (St. Petet s path), (8) ] . }vﬁ?\ SRR,
Malles, Burggsw S. Stefano EEEER L < 7 o &
(Mals, Burgeis St. Stephan), (9) o AN N & P
Malles, Maso Pauli (Mall o A SRS
alles, Maso Pauli (Mals, Buriel sites, Valley T ) ‘:}
Paulihof). b The altitudes of the B Adige-Etschtal 72N <
nine sites are indicated in meters @ Conca di Merano-Meraner Becken TRENTINO {
above sea level (m a.s.l.) . 0 & @ sarco-Eisacktal ¢ sea N o
kmA A , /e : Extent main map A
b 1427
1364
1047
817
641
395 416 329 253
r
©
£
Appiano Montagna Nalles Terlano Castel Tirolo Bressanone Tanas Malles Malles
Burgusio Paulihof

Riedel 1979; Dallago 2016; Sardagna and Tecchiati 2010).
Faunal bone materials (n=32), from the same sites and
possibly from the same stratigraphic units as the human
remains, were sampled. The determination of the taxonomy
and the anatomical identification of the faunal remains were
undertaken, referring to Schmid (1972) and Barone (1980), as
well as to the osteological collection of the laboratory for
Archaeozoology of the Archaeological Heritages Office of
the Autonomous Province of Bolzano-Bozen.

Stable isotope analyses: analytical method
and quality criteria

For 613C, 5'°N and &*S analyses, human bone samples were
collected from cranial bones; if these were unavailable, the
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diaphysis of long bones were used (Table S1). The extraction
of bone collagen was performed following an acid—base ex-
traction modified after Longin (1971) and Ambrose (1990).
After cleaning with distilled water, all samples were pulver-
ized. Then, 500 mg of bone powder was demineralized with
10 ml of 1 M hydrochloric acid (HCI) for 20 min. The solution
was then neutralized (pH ~6-7) and treated with 10 ml of
0.125 M of sodium hydroxide (NaOH) for 20 h to remove
humic acids. After a neutralization phase, 10 ml of 0.001 M
HCI (ideally pH 3) was added and placed in a water bath for
incubation at 90 °C (10—17 h). The solubilized collagen was
filtered (VitraPOR filter-funnel, porosity 1640 um) and ly-
ophilized (0.42 mbar) for a minimum of 48 h. From each
sample, 3.0 mg+ 0.3 mg collagen was weighted into tin cap-
sules three times per specimen. The measurements of carbon
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(1*C/'2C), nitrogen ("*N/**N) and sulphur (**S/**S) were per-
formed by isotope ratio mass spectrometry (IRMS) at the
Isolab GmbH of Schweitenkirchen, Germany. The average
of the three measurements was calculated and used for the
subsequent analyses. Results were reported in -notation in
units of per mil (%o), according to the international standards:
Vienna Pee Dee Belemnite (VPDB) for carbon, Ambient
Inhalable Reservoir (AIR) for nitrogen and Vienna Canyon
Diablo Troilite (V-CDT) for sulphur (Fry 2006; Hoefs 2009;
Schoeniger and DeNiro 1984) and a laboratory internal colla-
gen standard STD R (collagen from cowhide) from the EU
project TRACE, such as §'°C vs V-PDB [%0] =— 18.00 +
0.12; 5'"°N vs. AIR [%¢] =+ 5.97+0.09; 5°*S vs. V-CDT
[%0] =+ 5.45+£0.37 (N =46; one value consists of 3 to 4 av-
eraged measurements). The analytical errors were recorded as
less than +0.1%0 for §'3C, +0.2%o for 8'°N and + 0.3%o for
5**S. Samples with a value of > 1% collagen portion of dry
bone were selected. In addition, samples were selected for
statistical evaluation when the C:N ([%C/%N] x [14.007/
12.011]) ratio were between 2.9-3.6 (DeNiro 1985), the C:S
([%C/%S] x [32.064/12.011]) ratio between 300 and 900, and
the N:S ([%N/%S] x [32.064/14.007]) ratio between 100 and
300 (Nehlich and Richards 2009).

Good quality was also considered, when %C was in the
range of 30 to 47% and %N in the range of 11 to 17.3%
(Ambrose 1990, 1993; Van Klinken 1999). When one speci-
men was slightly out of the range, but wt% collagen, the C:N
range, and either %C or %N was within the stated criteria, the
sample was still considered for statistical analyses. For sul-
phur, the %S values were taken when within the range of
0.15 to 0.35% (Nehlich and Richards 2009). Additionally,
sulphur values were considered when the quality criteria for
5'3C and 5"°N values were acceptable and %S values of all
samples followed a similar trend. The outliers were discharged
due to the limited sources of verified sulphur values.

Statistical tests

The faunal data was grouped depending on valleys and sites,
on species, and on dietary habits (Table 1). The human data
was organized according to the geographical locations (sites
and valleys), sex and age at death and to the presence or
absence of grave goods in the graves (Tables 1 and 2). Since
most of the grave goods were recovered in the Isarco valley at
Bressanone Elvas, statistical analyses were additionally con-
ducted on this site. Moreover, the individuals were grouped in
the following chronological intervals: phase 1: fifth-seventh
centuries AD, phase 2: seventh—eighth centuries AD, phase 3:
eighth—tenth centuries AD, phase 4: ninth—twelfth centuries
AD and the individuals not ascribable to a specific phase were
clustered into “Early Middle Ages” (sixth—eleventh centuries
AD) group (Tables 1 and 2).

The data was recorded in an Excel spreadsheet (Microsoft,
Redmond, WA), and statistical analysis was performed using
IBM® SPSS® Statistics 23 for Windows. After the analysis of
distributions, the outliers in every valley (Tables S1 and S2)
were excluded. Given the normality of the distributions
(Shapiro-Wilk test), in order to compare the means of different
groups, parametric statistical tests were applied. In the case of
two groups, an independent-samples ¢ test was performed;
otherwise, for more than two groups, the one-way ANOVA
with post-hoc tests were applied.

For all tests, the significance level was set at 0.05, and a p
value below 0.05 was considered significant.

Results
Archaeozoological and osteological analyses

The archaeozoological investigation resulted in 32 faunal re-
mains. Bone samples were collected from 21 terrestrial herbi-
vores (eight cattle Bos taurus, seven goats and/or sheep Capra
hircus/Ovis aries, three deer Cervus elaphus and three horses
Equus caballus; 66%), two (6%) carnivores (two dogs Canis
lupus) and six (19%) omnivores (one brown bear Ursus arctos
and five pigs Sus scrofa). Moreover, three (9%) Aves sp. were
also sampled (Table S2). One unique case was the sample TE
SSD selected from an entire skeleton of a pig found lying on
its right side in a single stoned-lined pit grave (tomb 11) at the
site of Terlano in Adige valley.

The age estimation revealed 62 (68%) adults and 29
(32%) subadults of the 91 human samples. The latter
were two perinatal (2%), three newborn (3%), 14 infants
Ist (15%), seven infants 2nd (8%) and three juveniles
(3%) (Fig. 2). The sex estimation of the adult individ-
uals revealed 38 (42%) males, 20 (22%) females and
four (4%) individuals that could not be confidently
sexed (n.d.), (Fig. 2). Grave goods were recorded in
22 graves of 12 males, six females, one adult of un-
known sex and three subadults (Table S1).

Sample quality and descriptive statistics

Collagen of good quality, according to the criteria for 5'C
and 5'"°N values, was recorded in 85 (93%) human samples.
For 8>*S values, 40 (44%) of the humans were considered as
good collagen samples (Table S1), and thus, the samples from
Nalles and Tanas had to be discarded before statistical analy-
ses, due to their bad quality. The majority of the animals (30/
32, 94%) were of good quality and were evaluated for all the
stable isotope analyses (Table S2). Descriptive statistics for
the faunal and human dataset, without the aforementioned
outliers, are presented in Table 1.
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§ ‘ li E é The 6'3C values for herbivores ranged from —21.52 to —
18.01%0 (mean — 20.45 £ 0.89%o); 5'5N values ranged from +
& S8R 2.60 to +8.30%0 (mean +4.98 +1.61%0), and 5°*S values
- ranged from +2.17 to + 11.07%0 (mean + 6.92 +2.28%o).
% © w oo The omnivores ranged between —20.69 and — 19.02%o for
= I 8 < 5'°C values (mean — 19.98 +0.67%0); 5'°N values between
A X 72 +2.73 and +7.92%0 (mean + 6.57 +2.83%0) and 5°*S values
AN between 3.95 and + 11.67%0 (mean + 7.22 +2.51%0). Only
§ & 88 one dog (MHP CF) represented the carnivores for 5'*C values
% =] : = (— 19.00%0; the outlier for 5'°C values is AP-AL CF, as
ol s == o« displayed in Table S2). For 8'°N values, both dogs provided
% 2 9 ® the same results (+ 8.38%0), while 5**S values ranged between
e e +7.70 and + 10.76%o (mean +9.23 +2.16%).
g S o= The 5'°C values of all human samples ranged from —20.25
= | 1 e o to — 15.84%, with a mean of —18.59+0.97%o. The 5'°N
._§ - o o values ranged from + 8.06 to + 12.79%o (mean of + 10.09 +
S| 5 22 0.81%0) and 5**S values ranged from +3.05 to + 10.66%
A z @8 (mean of + 6.69 + 1.90%c). The highest mean value for 5'°C
2 I = o S in humans was observed in Adige valley (Table 1; Fig. 3a, b),
g © o the highest 5'°N mean value was in Venosta valley (Table 1;
Z | 2] 1 F e Fig. 3a, b), and the 5°*S data showed the highest mean in
Wl e | T2 e Adige valley (Table 1, Fig. 3¢, d). Figure 4a—c show the stable
) s g isotope variations based on altitudes in more detail. The
§ ‘ ? % ‘ highest mean values for 5'°C were detected at lower altitudes
around 400 m a.s.l. (Fig. 4a), as well as for 5**S data (Fig. 4b).
_ a 8 This was different for the '°N values, where the highest
'§ ‘ $ % ‘ means corresponded to altitudes around 1000-1300 m a.s.l.
g 5 Q (Fig. 4c).
3 s s All adults (males and females) of the different valleys
= bl (. ranged from —20.25 to —15.84%0, with a mean of —
A 2 5 18.71+1.01%0 for 5'°C values (Table 1). In Venosta
@]l lhe < valley, the females (—19.59+0.28%0) displayed slightly
g g § lower 5'°C values compared to the males (—19.20+
s, T T 0.28%¢) (Fig. 5a). Concerning the §'°N mean values,
22 |2 e~ the females represented the lowest means compared to
males and subadults. The subadults from Isarco valley,
differently from the other areas, showed a lower 515N
mean values (+10.04 £1.13%0) compared to the males
(+10.34+£0.68%0) (Fig. 5a). The 6°*S data showed that
females in Adige valleys had higher values than males,
while in Isarco valley, the values were more equal.
However, no comparisons among sexes could be con-
8 5 3 g sidered for Merano basin and Venosta valley due to the
§ § § § limited number of samples with collagen of good qual-
e| 25 E & ity for 5°*S values (Fig. 5b).
al=2E QO Four different groups, according to the presence of grave
S goods, were also clustered (Table 1; Fig. 6a, b): (1) individuals
=) = buried with accessory (e.g. parts of belt, jewelry), (2) acces-
é \!:I/ sory and weapon, (3) weapon only and (4) without any grave
§ = 8a goods. The mean of the 5'°C values between groups showed
- é E jg little variations with the means ranging between — 18.82 and
= é‘ % % —18.75%0. However, individuals buried with weapons
= s ® showed the highest mean values for 5'°N (Fig. 6 a), while
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Table 2  List of p values of one-way ANOVA and independent sample 7 tests. The significance level set at 0.05 and significant values are shown in
italics
53¢ 515N 534S
p value p value p value
ANOVA  Independent ftest ~ANOVA  Independent #test ~ANOVA  Independent # test
Valleys 0.000 - 0.007 - 0.000 -
Adige vs Merano basin 0.548 - 0.744 - 0.000 -
Adige vs Isarco 0.097 - 0.242 - 0.474 -
Adige vs Venosta 0.000 - 0.005 - 0.007 -
Merano vs Isarco 0.754 - 0.810 - 0.003 -
Merano vs Venosta 0.005 - 0.077 - 0.977 -
Isarco vs Venosta 0.056 - 0.440 - 0.047 -
Sites (Nalles and Tanas excluded) 0.000 - 0.028 - 0.000 -
Sexes (males, females and n.d. subadults) 0.343 - 0.221 - 0.845 -
Males vs females - 0.799 - 0.235 - 0.931
Males (adults 2040 years) vs females - 0.819 - 0.375 - 0.712
(adults 2040 years)
Males (adults 2040 years) vs females - 0.963 - 0.030 - 0.746
(adults 2040 years) Adige
Males (adults 2040 years) vs females 0.691 0.571 0.653
(adults 2040 years) Isarco
Males (adults 2040 years) vs females 0.459 0.483 Insufficient data
(adults 2040 years) Venosta quantity
Males (matures) vs females (matures) - Insufficient data - Insufficient data - Insufficient data
quantity quantity quantity
Males (seniles) vs females (seniles) - Insufficient data - Insufficient data - Insufficient data
quantity quantity quantity
Age classes (adults vs subadults) - 0.149 - 0.156 - 0.526
Grave goods present vs absent - 0.297 - 0.105 - 0.054
Grave goods present vs absent (Isarco only) — — 0.025 - 0.001 - 0.033
Chronological phases 0.004 - 0.270 - 0.982 -
Phase 1 vs phase 2 0.918 - - - - -
Phase 1 vs phase 3 0.594 - - - - -
Phase 1 vs phase 4 0.055 - - - - -
Phase 2 vs phase 3 0.794 - - - - -
Phase 2 vs phase 4 0.011 - - - - -
Phase 3 vs phase 4 0.108 - - - - -

the two groups “accessory” and “accessory and weapon” re-
sulted in higher 5°*S mean values compared to the other clus-
ters (Fig. 6b).

A clustering based on the chronological phases was also
evaluated (Fig. 7a, b). The highest mean value of §'°C was
represented by the group of phase 3 (Table 1; Fig. 7a, b); the
highest mean value for §'°N by the group of phase 4 (Table 1;
Fig. 7a), while the highest 5**S mean value was displayed for
the human individuals of phase 2 (Table 1; Fig. 7b).

Non-migratory animals, such as domestic pigs (Scheeres
et al. 2013), were used as a faunal baseline to detect the pres-
ence of possible allochthonous individuals in Adige valley as
displayed in Fig. 8.

Statistical tests

The valleys and the archaeological sites showed significant
differences in all stable isotope elements (Table 2).
Moreover, the results showed differences in 5"3C between
Adige and Venosta valley (post-hoc ANOVA, p value =
0.000) and Merano basin vs Venosta valley (post-hoc
ANOVA, p value =0.005). Differences in 5'°N values were
significant in Adige vs Venosta valley (post-hoc ANOVA, p
value = 0.005). The 6°*S values were significantly different in
Adige valley vs Merano basin (post-hoc ANOVA, p
value = 0.000) and Venosta (post-hoc ANOVA, p value=
0.007) as well as in Merano basin vs Isarco valley (post-hoc

@ Springer
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Fig. 2 Age at death (left) and sex (right) distribution of all the human individuals (n = 91) grouped by valleys/basin

ANOVA, p value =0.003) and the latter vs Venosta valley
(post-hoc ANOVA, p value=0.047). There were no differ-
ences of all stable isotopes elements between males, females
and subadults overall. However, statistical differences were
observed for §'°N values of males and females (adults 20—
40 years) from Adige valley (independent ¢ test, p
value = 0.030) only.

The individuals buried with or without grave goods did
not displayed statistical differences (Table 2). However, if
only the site of Bressanone Elvas was tested, significant
differences among the two groups in all the analysed iso-
tope values were observed (independent 7 test, for 5'C p
value = 0.025; for 5'°N p value = 0.001; for 5°*S p
value = 0.033).

The chronological phases displayed differences only in the
§'3C values for phase 2 vs phase 4 (post-hoc ANOVA, p
value = 0.011).

Discussion
Fauna in Early medieval South Tyrol

The isotopic results reflected a terrestrial based diet with a Cs
plant intake. In order to obtain a proper baseline for 5'°C and
5'°N stable isotopes, different animal remains, including do-
mesticated and wild animals, were considered (Katzenberg
2008; Bonafini et al. 2013). Both forested species (bear and
deer) showed relatively negative 5'°C values as expected,
although no significant differences in the other herbivores
were detected. The reason for this '*C-depletion can be ex-
plained by the so-called canopy effect, which is caused by
3C-depleted plants and a gradient of leaf §'°C values from
ground to canopy in a dense woodland ecosystem (Bonafini
et al. 2013; Drucker et al. 2008, 2011; Ferrio et al. 2003; Van
der Merwe and Medina 1991). Interestingly, the horses

@ Springer

presented the most negative 5'°C mean (—21.08 =+ 0.39%o;
Fig. 3b) together with the most representative forest animals,
such as deers (—20.79%o + 0.72%o; Fig. 3a, b), suggesting that
they were fed in forested enviroments or other places depleted
in '3C. This is comparable with the low 5'*C mean value (—

22.1+0.4%0) of the horses from central medieval Germany,
probably due to environmental factors (e.g. mixed habitats) as
well as metabolic differences (Knipper et al. 2012). As expect-
ed, the 5'°N values of all faunal remains showed the highest
variation (from + 2.60 to + 10.65%0). The 5'°N mean value of
the dogs was enriched by A3.4%o compared to the herbivore
average. However, the dogs had lower nitrogen values (+ 8.38

+0.00%0) compared to the humans (+ 10.09 £ 0.81%o), sug-
gesting an omnivore diet. An explanation for this could be that
dogs, as human companions, were likely provisioned with
human refuses. Indeed, stable isotopes from dogs remains
can offer indication of their owners’ dietary habits (Guiry
2012). This might also be confirmed by the §'°C values, with
a clear C, signal (— 16.36%o) for the dog sample (AP-AL CF, a
statistical outlier) found in Adige. Differently to the dogs, the
pigs in Adige valley might have been fed not only with left-
overs, but also with a greater ammount of C; plants (e.g.
oakwood, acorn). Anagously, the pigs’ nitrogen values (+
6.91 £ 1.9%o0) from the medieval site of Petersberg in South
Germany, showed an herbivore diet (Losch 2009). This is in
accordance with Early medieval farming practices, as domes-
ticated pigs were possible allowed out to grass in open lands
and/or forests (Montanari and Baruzzi 1981). The highest
8'°N value (+ 10.65%0) of a young pig (TCT SSD) indicated
that it was buchered or it died before weaning. Another rela-
tively high 6'°N value (+8.01%¢) was observed from a pig
(TE SSD), which was found in a single stoned-lined pit grave
(tomb 11) in Terlano. The trophic level is similar to the local
humans, and this pig’s single burial might have had a ritualis-
tic purpose, as already documented in the second century BC
(Marcus Porcius Cato, De Agri Cultura). The lowest 55N
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Fig.3 a Plotted results of §13C and 5'°N values of all human (7 = 85) and
animal samples (n=30) with collagen of good quality. The statistical
outliers are indicated (Italics = outliers for the §'*C values only). b
Mean §'3C and 6'°N values, excluding the outliers, with SD. ¢ Plotted

values were observed from samples of red deer and brown
bear, such as +2.60 and + 2.73%o respectively. Regarding
the isotopic signature of the bear, the hybernatic metabolic
process could explain the isotopic depleted nitrogen value
which was also reported for a medieval brown bear (+
1.10%0) by Losch (2009). A significant difference in the me-
tabolism of modern black bears (Ursus americanus) and griz-
zly bear (A. arctos) compared to other animals has been doc-
umented (Nelson et al. 1998). During that process, the bears
maintain their body temperature with no defecation nor urina-
tion. According to Bocherens et al. (2006), depleted 5'°N

5C [%V-PDB

results of '>C and 5>*S values of all human (7 = 40) and animal (z = 30)
with collagen of good quality. The statistical outlier for 5>*S value is
indicated in italics. d Mean §6'°C and §°*S values, excluding the
outliers, with SD

values could also indicate a herbivore diet or that the bear
suffered long cold climatic conditons.

Varying dietary patterns in Early medieval valleys
in South Tyrol

The overall stable isotope data indicated a terrestrial diet with a
subsistence base of mainly C; plants for all human samples
across the different valleys. The Cs-signal is in accordance with
published studies of medieval populations in western and central
Europe (e.g. Hakenbeck et al. 2010, 2017; Knipper et al. 2012;

@ Springer



82 Page 12 of 20

Archaeol Anthropol Sci (2020) 12: 82

-165 A
-17
m Terlano
8 -17.5 OAppiano
o 18 @Montagna
2 [ ]
E 185 © Castel Tirolo
o 1 # Bressanone
o } % A Malles Maso Pauli
-19.5 AMalles Burgusio
-20 ATanas
200 500 800 1100 1400
Altitudes (m. a.s.l.)
125 1 ¢
12.0
11.5
11.0
< 105
£ 100
Z 95 4
0
9.0
85
8.0
200 500 800 1100 1400

Fig. 4 a Plotted 5'*C mean values (including SD) in relation to altitudes
(m as.l) for the archaeological sites (excluding Nalles and Tanas) and
valleys (squares = Adige valley, circles = Merano basin, diamonds =
Isarco valley, and triangle = Venosta valley). b Plotted 5°*S mean

Prevedorou et al. 2010; Polet and Katzenberg 2003; Reitsema
et al. 2010; Reitsema and Vercellotti 2012; Schutkowski and
Herrmann 1999). The data showed significant differences in diet
among the populations from the valleys, whereby the 5'*C and
5'°N data differed most between the individuals from Adige
valley and those from Venosta valley (Fig. 3a, b). The Italian
Alps consist of highly diverse geological areas, including these
two valleys in particular, which are located in different regional
zones and at various altitudes (Figs. 1b and 4a, c). The results
showed depleted 513C values (mean A1.3%0) and enriched 5'°N
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Fig. 5 a Plotted 5'>C and 6'°N mean values (total 7 = 79 excluding the
six outliers as shown in Table S1) and SD for males, females, and
subadults grouped by valleys. b Plotted 5'°C and 5>*S mean values
(including SD) for males, females, and subadults (total n =40) grouped
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values (including SD) in relation to altitudes (m a.s.l.) for the
archaeological sites (excluding Nalles and Tanas) and valleys. ¢ Plotted
5'5N mean values (including SD) in relation to altitudes (m a.s.l.) for the
archaeological sites (excluding Nalles) and valleys

values (mean A0.8%o) in Venosta valley compared to Adige
valley (Table 1). The observed values could be due to the avail-
ability and use of different food sources at different altitudes;
however, anthropogenic effects such as manuring or admixing
food sources from different geographical locations have to be
considered. Moreover, the data could also indicate that the culti-
vation of C,4 plants played an important role. Remains of C,
cereals dating to Copper Age were already recovered at sites
located at 700-850 m a.s.l. in Isarco valley (Castiglioni and
Tecchiati 2005; Festi et al. 2011; Nisbet 2008). At the burial site
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Fig. 6 a Plotted 5'3C and 6'°N mean values (including SD) of the
samples grouped according to the four groups of graves goods. Graves
without goods are only represented by their mean value (including SD). b

of Naz, next to Bressanone Elvas in the Isarco valley, carbonized
cereals were found in graves (Kaufmann and Demetz 2004)
including spelt (Triticum spelta), barley (Hordeum vulgare) but
also few remains of C, plants like millet as well as fruit seeds and
grapevine (Vitis vinifera) (Oggl 1993). In the present study, the
C,4 plant intake had a bigger influence on the diet at lower alti-
tudes (Adige valley) compared to higher altitudes. In total, 53%
(n=10/19) of the individuals from Adige valley expressed 5'°C
values more positive than — 18%o and thus a signal of an intake of
C4 plants, such as millet or sorghum (Le Huray and Schutkowski
2005). Given the important contribution of fruits and seeds in the
nowadays diet in South Tyrol, the isotopic variability among
different botanical species has to be considered. Indeed, the ob-
served §'3C values may also indicate a contribution of, e.g. fruits,
seeds, roots and woody stems, which are 13C_enriched compared
to leaves and thus lead to more positive 5'*C values in the con-
sumers’ tissue (Cernusak et al. 2009). In Merano basin 25% (n =

6/24), in Isarco valley 20% (n =4/20) and in Venosta valley only

Plotted §'3C and &**S mean values (including SD) of the samples
grouped according to the four groups of graves goods. Graves without
goods are only represented by their mean value (including SD)

5% (n=1/22) of the individulas indicate a C4-signal. This sug-
gests an increased significance of Cy plant cultivation at lower
altitudes compared to settlements at higher areas. However, trad-
ing might have played a key role in nutrition preferences and
communications among valleys influencing cultivation patterns
of neighbouring regions. Indeed, since Roman times, transalpine
trading routes, such as Via Claudia Augusta, crossed this territory
between northern Italy and the transalpine areas into Augusta
Vindelicorum (Augsburg) in southern Germany and thus
connecting the valleys from the southern to northern areas of
the region and favouring goods exchanges (Banzi 2005;
Kustatscher and Romeo 2010). Therefore, trading and commu-
nication between the valleys, as well as within neighbouring
territories, could have led to human adaptation and changes in
agriculture. In addition, mobility pattern could also be an expla-
nation for the C, signal of two individuals found at higher alti-
tudes (BSS2-133 and TA4), although a general decrease of the
C, signal at higher areas was recorded.
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Fig.7 aPlotted 5'°C and §'°N mean values (including SD) of the samples grouped according to the four chronological phases. b Plotted §'°C and 5**S
mean values (including SD) of the samples grouped according to the four chronological phases

Unfortunately, the carbon stable isotope data presented in this
work cannot be compared with other local datasets; as to the
authors’ knowledge, there is a clear lack of available comparative
data from Trentino-South Tyrol. Published comparable data from
southern German medieval Petersberg (Losch 2009) and
Austrian Early medieval Volders (McGlynn 2007) were used
for comparisons. As expected, our data showed higher variation
in 5"3C, compared not only to Volders (males — 20 + 0.4%o and
females — 20 + 0.4%0) but also to Petersberg (males —20.5%0 and
females — 20.5%c), and to other sites in Bavaria (Knipper et al.
2012). This is mainly due to the variety of geographical areas
considered in this paper, whereas Petersberg and Volders repre-
sent samples from a single site. The diversity of the carbon values
can also be explained by climatic variations in South Tyrol that
allow differences of plant cultivation and human adaptation to
the enviroment. The enviromental and climatic conditions

@ Springer

influenced the types of cultivation during the different chrono-
logical phases within the valleys. The highest 5'*C mean value
(— 18.14 £ 1.24%0) corresponded to the chronological phase 3
(eighth—tenth centuries AD) (Table 1; Fig. 7a). This result could
indicate a possibile increased consuption of C, plants due to
favourable climatic conditions, since this period corresponded
to a climatic optimum characterized by warmer climat (Hughes
and Diaz 1994; Mann et al. 2009).

The stable nitrogen isotopic data indicated a higher intake
of animal protein, such as meat and dairy products, at higher
altitudes, with the highest mean value of 515N (+10.52+
0.90%o) in Venosta, followed by Isarco valley (5'°N +10.16
+0.90%0). Overall, the 515N averages of the humans were
enriched by AS5.1%0 compared to herbivores, displaying a
difference of one trophic level (Hedges and Reynard 2007).
Two adults, one from Venosta (BSS7-105A) and one from
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Isarco valley (BEN18) showed enriched 5'°N values
(Table S1), which could be due to a lower proportion of her-
bivore meats (A6.4%o) in favour of omnivore meats, as also
suggested by Knipper et al. (2012). Another explanation could
be that these individuals (one male and one n.d.) had more in
general a significant higher proportion of animal proteins in
their diet compared to the other individuals of the same sites.
Therefore, this could be an indicator of higher social status, as
animal ressources were much more expensive to produce.
Consumption of dairy products is the other possible cause of
higher 5'>N values in humans. In Northern Italy, cheese was
traditionally made with sheep or goats’ milk (Flandrin and
Montanari 2007). In the Alpine areas, cow milk was also used,
as documented by the earlier evidences of dairy lipids in Iron
Age vessels (Carrer et al. 2016).

Geological differences and mobility patterns in Early
medieval South Tyrol

The isotopic variation of the 5**S values of humans (n = 40)
ranged from + 3.05 to + 10.66%0 (mean + 6.69 £ 1.90%0). In
Adige valley, the human 5**S values ranged from + 5.04 to +
10.66%0 (mean + 7.94 +2.28%o) displaying the higher stan-
dard deviation (+2.28%0) compared to the other territories
(Table 1). This might be explained by different hypotheses,
such as (i) variation in dietary habits, (ii) different geological
factors, (iii) mobility patterns. (i) A certain proportion of fresh-
water fish as a food source might be considered, due to the
proximity to freshwater sources, and the finding of archaeo-
logical materials (e.g. hooks) would also suggest fishing in
this area (Dal Ri 2009; Tecchiati 2009). However, at the pres-
ent, there are still no available freshwater fish data from that
area; thus, further conclusion on fish consumption in Early
medieval South Tyrol cannot be made. (ii) The drinking water,

Fig. 8 Plotted 5'°C and 5**S 13.0
values of the humans from Adige 12.0
valley. The 6°*S mean and SD of '
the pigs from the same site are 11.0
indicated by the dashed lines

representing the local baseline 10.0

9.0
8.0

7.0
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4.0
3.0
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as well as other nutritional sources, could have been enriched
in sulphur, due to the presence of the aforementioned sulphu-
rous water springs (Lunz 1974; Tecchiati and Zanforlin 2010).
Nevertheless, other analyses are needed to better understand
the implication of those springs to the local sulphur values.
(ii1) Based on the human values, there are some distinct dif-
ferences between Adige and the other sites with enriched and
varying 5**S values in Adige. An explanation might be some
mobility pattern (Vika 2009; Richards et al. 2001). The study
of Coiaetal. (2012) reported already a higher genetic diversity
in modern populations in Adige compared to other valleys in
Trentino, probably indicating that different populations went
through Adige valley since prehistory. This was also docu-
mented by local archaeological data (Lanzinger et al. 2000).
Due to the different sample sizes of the faunal remains per
valley, the local baseline for Adige valley could be established
based on non-migratory animals (pigs) (Fig. 8). The 5**S
mean value of the three pigs from Adige (+ 8.34%0 +2.89%0)
showed a slightly more positive rate compared to the humans
(A0.4%0). However, two individuals from the site of Terlano
(TE7 and TE-sett. A1) showed lower values to the faunal base-
line (5.04%0 and 5.24%o respectively) and a difference of
A3.2%o, and thus a possible different origin and/or a change
in dietary habits is suggested. Of particular interest is the adult
male TE7, as he was the only Early medieval individual in
Terlano inhumated with a grave good (i.e. sharp object).
However, the low sample size of non-migratory animals has
to be considered and further baseline samples are required to
verify the observations on possible migration.

Regarding the chronological phases, the highest 5°*S
standard deviation (£2.65%0) was recorded for phase 2
(seventh—eighth centuries AD), suggestive of greater hu-
man mobility during those centuries (Fig. 7b), and this
would be in accordance with the few historical and
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archaeological sources. Particularly from the seventh cen-
tury, allochthonous cultures (e.g. Langobards, Bavarians)
were well-established in the territory, and the archaeolog-
ical material indicates a cultural hybridity among autoch-
thonous (christianized) and allochthonous traditions
(Bierbrauer 2005). However, the tests did not show statis-
tical differences when considering all phases (Table 2).
Moreover, the radiocarbon dating was limited to 10%
(n=4/40) of the samples with good quality collagen for
84S analyses (Table S1).

Varying social status and grave goods

The higher 6'°N mean values in males compared to fe-
males (Table 1) could suggest sex related restrictions in
the access to animal proteins, such as meat and dairy
products with males as main consumers. This could also
reflect diverse social positions, such as higher social ranks
for male individuals (e.g. Czermak et al. 2006;
Schutkowski and Herrmann 1999; Moghaddam et al.
2016). However, the nitrogen values of all males against
females, independently from their age group, were not
statistically significant (Table 2). Differences were ob-
served when 5'°N values were tested based on sex in
correlation with age classes, but only for Adige valley.
In fact, the difference between males and females aged
20-40 years was statistically significant (p = 0.030;
Table 2). This could be indicative of sex-specific dietary
differences in this area, with males (20-40 years old)
having a diet more rich in animal proteins (mean + 9.99
+0.69%0) compared to females (+9.80=+0.52%¢). This is
also in accordance with studies on prehistoric and historic
populations, suggesting that males had a larger amount of
meat and dairy product components in their diets
(Moghaddam et al. 2016, 2018; Reitsema et al. 2010;
Baldoni et al. 2016). However, when looking at isotopic
differences between sexes, the metabolic variations as
well as the different bone turnover rates in skeletal ele-
ments need to be considered (Fahy et al. 2017; Olsen
et al. 2014).

The presence and the type of grave goods might also
provide information about sex-specific dietary differences
and/or social status (Le Huray and Schutkowski 2005). In
the present study, the cemetery of Bressanone Elvas
displayed the highest amount of grave goods compared
to the other sites. Six males, four females, one adult n.d.
and one infant were buried with goods and showed sig-
nificantly increased 5'5N values (+ 10.63 +0.66%0) com-
pared to those without any grave goods (two males, one
females, one possibile female, three subadults; mean +
9.37+£0.69%0) (Table 1). This may be due to a higher
number of males, with in general higher §'°N mean
values (+10.10£0.74%o0) in respect to females (+9.85 +
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0.58%0). Indeed, in Bressone Elvas, the majority of the
individuals buried with weapons (e.g. knife, dagger) were
males (57%, 4/7), and this could suggest not only sex
specific dietary differences, with males having a more
prestigious role, as reported in other studies (e.g. Le
Huray and Schutkowski 2005, Moghaddam et al. 2018),
but also a division based on social status, with the “weap-
onry group” having an increased amount of animal pro-
tein in their diet.

Conclusions

The analyses of 5'°N, 5'>C and 5**S data of human and faunal
remains from three different valleys and one basin in South
Tyrol were an effective approach to study, for the first time, the
subsistence strategies, dietary behaviour and, for preliminary
insights, mobility in Early medieval populations from the
Italian Alps. The 513C values showed, for all individuals, a
terrestrial diet based on C; plants with increasing proportions
of C,4 plants (e.g. millet, sorghum) at lower altitudes. The data
clearly indicated that differences in the subsistence are more
dependent on the environmental context, mainly on altitudes,
rather than on cultural influences. When comparing the sites
and valleys, with regard to their geographical location and
altitudes (m a.s.l.), enriched §'°N values are noted at higher
altitudes (Venosta valley), probably due to a diet richer in
animal proteins and dairy products. Differences in §'°N values
might also be attributed to social status when considered in
combination with recovered grave goods. The 5**S data indi-
cated higher variability in Adige valley compared to the other
areas, suggesting greater mobility in Adige. In order to
strengthen these findings, additional analyses are required.
Future studies will include analyses of §'*0 and partially
87S1/%°Sr, and the isotopic data will be crosschecked with ge-
netic data, which is within the framework of the ongoing in-
terdisciplinary project (BioArchEM).
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