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Abstract Up to now, archaeobotanical investigations of
prehistoric sites in the eastern Alpine region have been
rare. Recent palacoethnobotanical investigations of car-
bonised plant remains from two Bronze Age hill-top
settlements, one located north and the other south of the
main Alpine range, contribute essentially to the knowl-
edge of subsistence strategies and husbandry regimes in
the Alps in prehistoric periods. The principal cereals were
Hordeum vulgare (hulled barley), Triticum dicoccon
(emmer) and Panicum miliaceum (broomcorn millet). In
general, hulled barley was the most important cereal crop
in the eastern Alps. Legumes such as Vicia faba (horse
bean) and Pisum sativum (pea) also occurred regularly in
both hill-top settlements. In addition to these field crops, a
large variety of wild plants was still gathered and con-
tributed considerably to the daily diet. The arable weed
flora suggests that crops were sown in spring and autumn
and it indicates crop rotation in this period. The results of
the plant macrofossils imply a complex pattern of plant
resource utilisation in the Alpine area during the Bronze
Age.

Keywords Palacoethnobotany - Bronze age - Eastern
alps - Subsistence strategy

Introduction

The aim of this study was to analyse and interpret recently
collected archaeobotanical data from the two hill-top
settlements of Friaga/Bartholoméberg (Vorarlberg, Aus-
tria) and Ganglegg/Schluderns (South Tyrol, Alto Adige,
Italy) in order to improve our understanding of the role of
arable farming in the eastern Alps during the Bronze Age
(2200-800 B.C.). The archaeobotanical data base of the
eastern Alps is still fragmentary. The archaeobotanical

A. Schmidl (t) - K. Oeggl

Institute of Botany,

University of Innsbruck,

Sternwartestraie 15, A-6020 Innsbruck, Austria
e-mail: Alexandra.Schmidl@uibk.ac.at

studies of four excavation sites (Crestaulta/Lumbrein-
Surin, Karlihof/Chur, Tummihiigel/Maladers and Padnal/
Savognin in the eastern Swiss Alps are summarised in the
recent publication of Jacomet et al. (1999). There, the
most important excavation site, with a long stratigraphical
sequence from the early to late Bronze Age, is the hill-top
settlement of Padnal/Savognin at an altitude of 1210 m
(Rageth 1986). The stored crops consisted principally of
Hordeum vulgare (hulled barley) and Pisum sativum
(pea). After some older work done by Werneck (1949,
1961), more recent palacoethnobotanical investigations
have been undertaken in western Austria and South Tyrol
(Heiss 2001; Oeggl 1992; Stika 2000; Swidrak and Oeggl
1998). They provide new and basic data about agrarian
history during the Bronze Age.

Hill-top sites dating to the Bronze Age are situated on
the one hand at crossroads and river crossings, and on the
other hand there are fortifications on hill-tops. The co-
existence of both such settlement types proved to be a
permanent feature in central Europe. However, hill-top
settlements in the Alps are normally not situated on the
highest peaks, but rather in a commanding position with
regard to the valley floor. Also, most of the hill-top sites
were occupied repeatedly in different periods, although
not continuously (Primas 2002). The late Bronze Age hill-
forts were connected with a system of land division and
territorial control that could be maintained for several
centuries. Hill-top sites were characterized as the places
where metalworking and trade were organised. In the
majority of excavation sites, open areas and terraces are
located in the immediate vicinity of hill-top settlements.
So, in the surrounding area there could be rural settle-
ments where crop husbandry and livestock farming were
practised (Krause et al. 2004). Therefore, woodland was
diminished, and former areas of wilderness were incor-
porated into the cultural landscape. In the late Bronze Age
a rise in the number of hill-forts coincided with an in-
crease in the secondary and tertiary sectors of production.
In new palaeoethnobotanical investigations the discussion
of the role of hill-top settlements as either producer or
consumer sites in prehistoric times should also be in-
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Fig. 1 Location of the two excavation sites Friaga/Bartholoméberg
and Ganglegg/Schluderns

cluded. In order to understand the function of the hill-top
site in the local settlement network, the palaecoethnob-
otanical data from the two new excavation sites makes an
important contribution in the eastern Alps.

The Bronze Age hill-top settlements
Friaga/Bartholomiberg

The prehistoric hill-top settlement of Friaga (Fig. 1) is
situated on the south-facing slope of the village of Bar-
tholomiberg in the Montafon valley, at an altitude of
940 m. This intermediate Alpine valley is characterised
by an intermediate subcontinental to suboceanic climate
with occasionally heavy rainfall. Annual precipitation
measured at an altitude of 689 m in Schruns, below the
study site, is about 1243 mm per year. Mean annual
temperature is around 7.4°C (Walter and Lieth 1967).
However, the climate of the northern intermediate Alps
favours the growth of Picea abies (spruce) and here it
thrives on acid bedrocks. So, coniferous woodland (Piceo-
Abietetum) is widely distributed in the montane zones up
to 1400 m (Ellenberg 1986). Above, there is a forest with

Larix decidua (larch) and Pinus cembra (stone pine), and
the tree line is at 1900-2000 m (Mayer 1974).

Ganglegg/Schluderns

The Bronze Age settlement of Ganglegg is located at
Schluderns at an altitude of 1142 m (Fig. 1). The Vin-
schgau valley is surrounded by high mountain chains on
the north, west, and east and is effectively shielded from
the predominant moisture sources from the northwest and
south. As a consequence, the Vinschgau is characterized
by low precipitation (400 mm per year) and a long in-
solation period. The average number of hours of sunshine
per year is 2400 and so this area is one of the sunniest of
the Alps (excluding the French west Alps), with a mean
annual temperature of 9-10°C (Walter and Lieth 1967).
Therefore it belongs, together with the Valais in
Switzerland and some valleys in the southwestern Alps
such as the region of Briangon, to the group of so called
“inner Alpine dry valleys” (Braun-Blanquet 1961). The
potential natural vegetation is characterised by xerother-
mic or thermophilous mixed Quercus pubescens (oak)
woods at lower altitudes and inner Alpine Picea abies
forest up to 1400 m. Pinus cembra with Larix decidua
form the sub-Alpine forest up to the tree line that lies
between 2100 and 2300 m in the Vinschgau (Peer 1995).
On the montane southern slopes of the Vinschgau valley
are distributed typical semi-arid grasslands caused by low
precipitation. The valley bottom (ca. 900 m) is used as
agricultural crop land and meadows (Peer 1995).

Material and methods
Friaga/Bartholoméberg

The archaeological site recovered the foundations of six to eight
houses which were built alongside the fortification wall. In all, 40
samples derive from different contexts within the settlement area.
The occupation layer of the middle Bronze Age is dated from 1600
to 1500 B.C. (Krause et al. 2004). 21 samples were collected within
two different houses. Six samples were taken in the vicinity of the
hearths. In the same trench of the excavation site, 13 samples were
taken from cultural layers outside the houses. The sparseness of
carbonised botanical remains demanded a large sample volume (10
1 per sample). As a macroremain recovery technique water
screening was used (Pearsall 2000). The sandy soil sample was
poured on the first sieve with a 2.0 mm mesh and washed with a
water jet through following sieves with mesh sizes of 1.0, 0.5 and
0.25 mm at the excavation site. Following screening, the samples
were dried in the open air and stored in plastic bags until sorting for
charred botanical remains. The seeds and other plant fragments
were picked out of the flots and were identified under the micro-
scope by comparing the charred specimens with modern seed ref-
erence material at the Botanical Institute of Innsbruck University.

Ganglegg/Schluderns

Charred botanical remains in high densities (stores) were recovered
from a late Bronze Age house excavated at the hill-top settlement
Ganglegg/Schluderns (South Tyrol). The samples were taken from
the Bronze Age storehouse that contained a unique structure: blocks



Table 1 The results of detrended correspondence analysis (DCA)
including macrofossil concentration data of Ganglegg (SD = stan-
dard deviation units)

Axis 1 Axis 2
Eigenvalues 0.878 0.636
Lengths of gradient 3.711 3.337
Cumulative percentage of variance 19.7 34.0

of species data

of stone were set up along the house wall at an interval of 40 cm,
supporting a wooden structure for storing cereals and pulses. A fire
destroyed this building and the charred material spread all over the
floor in the house (Gamper and Steiner 2000). Two different ac-
tivity phases were recognized: 49 samples were taken from the two
cultural layers which dated from 1400 to 1200 B.C. and addition-
ally four samples derived from two occupation layers dated 1200 to
1000 B.C. A systematic sampling strategy was applied to check for
any trace of the original spatial distribution of the crops within the
storage building. So, if there was enough material available, a
standard soil volume of 1 1 material was used for water flotation
technique in the laboratory (Pearsall 2000). The 53 samples were
washed through three sieves with mesh sizes of 2.0, 0.5 and
0.25 mm. An efficient way was needed for analysing grain-rich
samples of different layers and deposit types. Therefore, after
stirring, the dried flotation samples were divided with the help of
spoon sampling (van der Veen and Fieller 1982). The subsamples
were weighed and the count for all taxa was then multiplied up to
the total volume of each of the fractions. For comparison of the
results, all counts were standardised to a sample size of one litre.
So, in total a volume of 50.3 1 of soil samples was investigated and
identified as above.

Numerical analysis

The statistical analyses and the graphical plot were implemented by
the computer program CANOCO 4.15 (ter Braak and Smilauer
2002). Detrended correspondence analysis (DCA) with down-
weighting of rare taxa was used to measure the length of the gra-
dient in standard deviations (SD) units (Table 1). The species
scores are themselves the eigenvectors of the ordination axes, and
the dispersion of these scores is the eigenvalue (relative variance or
scale) of each axis. The solution maximizes the eigenvalue on each
subsequent axis, so that the first axis represents the longest di-
mension of the data, the second the next longest dimension, and so
on (Legendre and Legendre 1998). This resulted in a gradient
length of 3.711 standard deviations (SD) justifying the use of de-
trended correspondence analysis (DCA) as a unimodal response
model (ter Braak and Prentice 1988). Untransformed plant
macrofossil concentration values (macrofossil 17'), detrending by
segments and downweighting of rare taxa were used for the DCA
ordination. Sample scores are weighted averages of the species
scores, and so sample scores that lie close to the position of a
species score are very likely to contain a high abundance of that
particular species.

Results

Plant remains from Friaga/Bartholoméberg

The density of plant remains in the samples was in gen-
eral low. Only 10 samples contained more than 50 items
of grain, chaff or weeds. All the assemblages were
dominated by cereals, chaff and fruits/nuts. A total of six
cereal crops, Hordeum vulgare (hulled barley), Triticum
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aestivum (naked wheat), T. dicoccon (emmer), T. mono-
coccum (einkorn), T. spelta (spelt) and Panicum mili-
aceum (broomcorn millet) were represented by grain and
chaff at the hill-top settlement (Table 2). Among the
cultivated plants, hulled barley occurred with a high fre-
quency of 67.5% and represented the main crop in this
period. In addition the glume wheats 7. dicoccon and T.
spelta were used for making bread in the settlement.
Glumes and spikelet forks of 7. dicoccon occurred in
large amounts in a sample derived from a hearth feature in
the settlement area. Grains and rachis internodes of T.
aestivum were occasionally found in samples from Friaga.

Pulses such as Vicia faba (horse-bean) and Pisum
sativum (pea) were poorly represented (frequency of
about 15%; Table 2), but were an important source of
protein during prehistoric times. The single find of Lens
culinaris (lentil) makes its local cultivation questionable,
and further investigations are needed to prove its culti-
vation in the Bronze Age in the Alpine area.

Beside crops, the samples from Friaga also contained a
range of gathered plants. The charred remains of fruits
and nuts were ubiquitous throughout the middle Bronze
Age layer (Table 2). In more than 50% of the samples
Corylus avellana (hazelnut), Rubus idaeus (raspberry)
and Sambucus racemosa (red-berried elder) occurred.
Additionally, Rubus fruticosus (blackberry), Rosa sp.
(rose) and Prunus spinosa (sloe) were represented, al-
though more scarcely (frequencies of 10-20%). These
gathered plants are associated with forests, woodland
edges and hedgerows, most probably in the near vicinity
of the settlement.

Three groups of weeds are represented: Secalietea
(winter annuals), as well as Chenopodietea (summer an-
nuals) and ruderal plants growing on acid soil enriched in
nitrogen by human activities and the proximity of settle-
ments. Both winter and summer annuals were present
among hulled wheat and barley. Therefore it is not pos-
sible to deduce the sowing seasons of the crops.

Plant remains from Ganglegg/Schluderns

The samples from the late Bronze Age store house con-
tained grains of Hordeum vulgare (hulled barley), H.
vulgare var. nudum (naked barley), Triticum dicoccon, T.
monococcum, T. spelta and Panicum miliaceum. Here, H.
vulgare (hulled barley) was the most abundant cultivated
species (frequency of 86.8%). P. miliaceum is also rep-
resented in large quantities and occurs frequently in the
stored grain (86.8% of all samples). Stored H. vulgare
var. nudum (naked barley) was commonly mixed with P.
miliaceum. Free-threshing wheat species were absent
from the stored grain finds.

Beside cereals, there was also a large number of pulses
such as Vicia faba and Pisum sativum in the stored ma-
terial at Ganglegg. The abundance of grains and chaff was
constantly low. Therefore, this kind of mixed charred
assemblage suggests that the crop stores in the prehistoric
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Table 2 Carbonised remains from Friaga/Bartholomédberg (middle  classes) presented by Ellenberg et al. (1992) n = number of charred
Bronze Age) and Ganglegg/Schluderns (late Bronze Age). All  remains, freq (%) = frequency of total samples in which a taxon is
plant names follow the nomenclature of Flora Europaea (Tutin et  present, cf. = ‘compares with’ and denotes that a specimen most
al. 1988-1990) and wild plants were coded according to the gen-  closely resembles those particular taxa more than any other

eral habitat categories (based on groupings of phytosociological

Friaga Ganglegg
Number of samples 40 53
Volume of samples (in 1) 400 50.3
Taxon n freq (%) n freq (%) sum
Cereal grains
Hordeum vulgare 123 67.5 3837 86.8 3960
Hordeum vulgare var. nudum 0 0.0 26302 45.3 26302
Triticum aestivum 9 12.5 0 0.0 9
Triticum dicoccon 23 25.0 3820 41.5 3843
Triticum cf. dicoccon 3 7.5 0 0.0 3
Triticum monococcum 1 2.5 17 7.5 18
Triticum spelta 14 20.0 178 17.0 192
Triticum dicocconlT. spelta 11 12.5 0 0.0 11
Hordeum vulgare var. nudum/T. dicoccon 0 0.0 6282 22.6 6282
Triticum sp 21 27.5 0 0.0 21
Panicum miliaceum 3 5.0 166277 86.8 166280
Cerealia indet 83 62.5 1560 39.6 1643
Cereal chaff
Hordeum vulgare, rachis internodes 97 30.0 17 9.4 114
Hordeum vulgare, glumes 1 2.5 52 13.2 53
Triticum aestivum, rachis internodes 1 2.5 0 0.0 1
Triticum dicoccon, spikelet forks 508 67.5 515 20.8 1023
Triticum cf. dicoccon spikelet forks 7 7.5 0 0.0 7
Triticum dicoccon, glumes 805 65.0 1092 30.2 1897
Triticum dicoccon, rachis internodes 0 0.0 27 7.5 27
Triticum monococcum, spikelet forks 21 2.5 0 0.0 21
Triticum monococcum, glumes 2 5.0 0 0.0 2
Triticum monococcum., rachis internodes 1 2.5 0 0.0 1
Triticum spelta, glumes 30 25.0 402 13.2 432
Triticum spelta, spikelet forks 12 20.0 434 9.4 446
Triticum dicocconlT. spelta, spikelet forks 3 7.5 0 0.0 3
Triticum dicocconlT. spelta, glames 8 15.0 0 0.0 8
Triticum monococcum/T. dicoccon, spikelet forks 24 5.0 0 0.0 24
Triticum monococcum/T. dicoccon, glumes 18 5.0 0 0.0 18
Triticum sp., spikelet forks 12 10.0 166 9.4 178
Triticum sp., glumes 273 25.0 312 28.3 585
Triticum sp., rachis internodes 5 5.0 5 3.8 10
Pulses
Lens culinaris 1 2.5 1 1.9 2
Pisum sativum 12 15.0 11584 50.9 11594
Vicia faba 11 17.5 8762 62.3 8773
Fruits/nuts
Corylus avellana 134 52.5 2 3.8 136
Malus sp/Pyrus sp 0 0.0 1 1.9 1
Prunus spinosa 33 15.0 1 1.9 34
Rosa sp 9 20.0 14 11.3 23
Rubus fruticosus 5 10.0 0 0.0 5
Rubus fruticosus/R. idaeus 1 2.5 0 0.0 1
Rubus idaeus 60 60.0 0 0.0 60
Rubus cf. idaeus 1 2.5 0 0.0 1
Rubus sp 33 52.5 0 0.0 33
Sambucus nigra 4 7.5 1 1.9 5
Sambucus racemosa 74 70.0 1 1.9 75
Sambucus nigralS. racemosa 1 2.5 1 1.9 2
Sambucus cf. racemosa 2 5.0 0 0.0 2
Sambucus sp 73 85.0 0 0.0 73
Crop weeds—winter annuals
Avena fatua, floret 4 7.5 0 0.0 4
Avena sp, grains 9 20.0 7 3.8 16
Avena sp., awn fragments 204 47.5 5 5.7 209
Bromus secalinus 1 2.5 0 0.0 1
Bromus cf. secalinus 1 2.5 0 0.0 1
Bromus sp 4 10.0 115 26.4 119
Fallopia convolvulus 22 30.0 31 17.0 53
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Table 2 (continued)

Friaga Ganglegg

Number of samples 40 53

Volume of samples (in 1) 400 50.3

Taxon n freq (%) n freq (%) sum
Vicia hirsutalV. tetrasperma 1 2.5 11 3.8 11
Crop weeds—summer annuals

Chenopodium album 9 17.5 721 73.6 730
Chenopodium hybridum 0 0.0 1 1.9 1
Echinochloa crus-galli 0 0.0 3 3.8 3
Galium aparine 6 15.0 60 28.3 66
Polygonum persicaria 4 10.0 0 0.0 4
Solanum nigrum 1 2.5 73 13.2 74
Herbaceous vegetation of frequently disturbed sites

Brassica oleracea 3 2.5 0 0.0 3
Daucus carota 0 0.0 3 1.9 3
Galeopsis tetrahit 0 0.0 3 3.8 3
Galeopsis speciosalG. tetrahit 1 2.5 0 0.0 1
Malva neglecta 2 2.5 0 0.0 2
Picris hieracioides 0 0.0 1 1.9 1
Plantago major 3 2.5 0 0.0 3
Polygonum aviculare 1 2.5 37 11.3 38
Polygonum lapathifolium 4 7.5 10 9.4 14
Polygonum lapathifolium/P. persicaria 4 10.0 0 0.0 4
Portulaca oleracea 0 0.0 1 1.9 1
Rumex conglomeratus 0 0.0 6 7.5 6
Rumex conglomeratus/R. sanguineus 9 17.5 0 0.0 9
Rumex obtusifolius 14 12.5 2 1.9 16
Silene dioica 1 2.5 0 0.0 1
Stellaria graminea 1 2.5 0 0.0 1
Heaths and grasslands

Plantago lanceolata 3 5.0 0 0.0 3
Rumex acetosella 5 10.0 72 13.2 77
Silene vulgaris 0 0.0 23 9.4 23
Trifolium arvenselT. campestre 1 2.5 40 1.9 41
Valerianella dentate 0 0.0 1 1.9 1
Coniferous and broadleaved woodland

Abies alba, leaf fragments 1 2.5 0 0.0 1
Picea abies, leaf fragments 125 52.5 1 1.9 126
Picea abies, twig fragments 12 17.5 0 0.0 12
Veronica cf. urticifolia 2 5.0 0 0.0 2
Other wild taxa

Apiaceae 0 0.0 1 1.9 1
Astragalus sp 0 0.0 1 1.9 1
Astragalus sp/Trifolium sp 2 2.5 0 0.0 2
Brassica sp 1 2.5 0 0.0 1
Carex sp 3 7.5 1 1.9 4
Caryophyllaceae 2 5.0 1 1.9 3
Chenopodium sp 0 0.0 11 5.7 11
Chenopodiaceae 0 0.0 1526 13.2 1526
Echinochloa sp 1 2.5 0 0.0 1
Echinochloa sp/Setaria sp 0 0.0 2553 20.8 2553
Fabaceae 0 0.0 2087 13.2 2087
Fragaria sp 3 2.5 0 0.0 3
Galium sp 3 7.5 6 5.7 9
Lamiaceae 0 0.0 11 5.7 11
Malvaceae 8 7.5 0 0.0 8
Medicago sp/Melilotus sp 2 5.0 0 0.0 2
cf. Panicum sp 1 2.5 0 0.0 1
Polygonum sp 1 2.5 1 1.9 2
Polygonaceae 5 2.5 28 13.2 33
Poa nemoralis/P. pratensis/P. trivialis 1 2.5 0 0.0 1
Poaceae 13 7.5 12 9.4 25
Potentilla sp./Fragaria sp 1 2.5 0 0.0 1
Rumex sp 4 2.5 1 1.9 5
Sambucus sp 0 0.0 1 1.9 1
Trifolium sp 1 2.5 0 0.0 1
Vicia sp 3 2.5 2 1.9 5
Total of carbonised plant remains 3086 239133 242207
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house were carefully cleaned and were believed to have
already been prepared for food.

In general, only small quantities of collected fruits and
nuts were recovered in the stored remains from Ganglegg
and are interpreted as a kind of unintentional impurity in
the stored crops. A limited range of fruits and nuts has
been recovered and among them Rosa sp. shows the
highest frequency (Table 2). Additionally the samples
contained several fruits/seeds of Corylus avellana
(hazelnut), Prunus spinosa (sloe), Malus sp./Pyrus sp.
(apple/pear) and Sambucus nigra, S. racemosa (edible
elder species).

Most of the wild plants derived from crop fields in the
vicinity of the settlement. The weed seeds accompanying
crops in archaeobotanical samples give good information
about crop cultivation. The occurrence of summer annuals
(Chenopodietea) such as Chenopodium album, Echino-
chloa crus-galli and Solanum nigrum is associated with
summer crops such as Panicum miliaceum and/or the
pulses Vicia faba and Pisum sativum. Hordeum vulgare
(hulled barley) has also been found together with Avena
sp., Bromus sp. and Fallopia convolvulus and this context
indicates winter crop cultivation.

Discussion

Type of seed assemblages

Detrended correspondence analysis (DCA) was used to
explore the variation in the quantitative data set from
Friaga and Ganglegg. First, the analysis of the presence/
absence of taxa types from both excavation sites was done
by detrended correspondence analysis (not shown). The
DCA plot shows a clear distinction of the two separate
groups. Significant differences between both hill-top
settlements are caused on the one hand by the species
composition of the samples: the stored remains from
Ganglegg represent several palacobiocoenoses (most
probably original assemblages of cereals and legumes) in
the palaeoecological sense and the crop yields were stored
during the period in which the hill-top settlement was
occupied. However, that deposit can also be a snapshot of
what was found on one day in the late Bronze Age gra-
nary and reflect the situation of one harvest. In contrast to
this, the open assemblages of Friaga contain only small
amounts of cereals and associated plant remains. Such
assemblages contain a mixture of plants which did not
grow together and are called thanatocoenoses (Willerding
1991). Usually, the remains were deposited over a longer
time period and therefore represent the activities at the
site during its occupation. These two different types of
deposits clearly separate the data set into taxa/type-rich
samples from Friaga and taxa/type poor samples from
Ganglegg.

Secondly, detrended correspondence analysis (DCA)
was performed based on the data set of stored remains in
the late Bronze Age house at Ganglegg, which provided
new insights into the type of agriculture practised (Fig. 2

and Table 1). The DCA ordination of stores (Fig. 2)
separates along the first axis samples (sample scores =
squares) dominated by Hordeum vulgare var. nudum and
Panicum miliaceum and samples (sample scores = up
triangle and down triangle) dominated by the legumes
Vicia faba and Pisum sativum. Along the second axis the
samples from Ganglegg are separated into those which are
dominated by weeds (sample scores = diamond) and those
dominated by crops. An intermediate cluster group
(sample scores = circle) is characterised by a mixture of
crops or by samples with only few items per litre. One
sample (sample score = star) is determined by H. vulgare
and accurately reflects the status of the plant in the
Bronze Age.

Crop processing: grain versus chaff

The number of seeds in the samples varies considerably
from sample to sample. The results from smaller samples
with few identified seeds are probably not reliable and so
samples with fewer than 10 identifications were omitted
from the analysis. Crop processing in Ganglegg must have
been very effective, as chaff and weed seeds are ex-
ceedingly rare in the stored remains (Fig. 3). So, the
carbonised plant remains found in the late Bronze Age
house at Ganglegg are believed to originate from stores of
grain ready for food production. The original volume of
the stored grain cannot be given. In comparison to
ethnographic models from Greece and Turkey, more than
75% samples of the late Bronze Age house look like a
cleaned or semi-cleaned product (Hillman 1981; Jones
1984). The plots characterised by high percentages of
weeds contained either a large number of the pulses Vicia
faba, Pisum sativum or few items. One sample from
Ganglegg was composed of 100% weeds (Fig. 3), dated to
1200-1000 B.C., and it is dominated by numerous seeds
of Chenopodium album (fat hen) and their embryos. The
high density (3500-4000 seeds/l1), the absence of cereal
chaff and the evidence of few cereal grains indicate de-
liberate gathering of this species. Ethnobotanical studies
of Native American people show that leaves and stems
are used as a substitute for spinach or other greens and the
starch-containing seeds are ground into flour for baking
into bread (Moerman 2000). The use of fat hen as food is
already suggested for Neolithic dwelling sites of
Switzerland (e.g. Jacomet et al. 1989); further evidence is
for example yielded by the filling of a Roman Iron Age
pottery vessel from Ggrding in Denmark (Helbak 1951)
and the stomach contents of the Roman Iron Age bog
body from Kayhausen in Germany (Behre 1999).

The former group of carefully cleaned storage as-
semblages in Ganglegg allow us to consider that this hill-
top settlement could have been a consumer site, based on
the ratio of cereal grain to cereal chaff and to cereal
weeds (Fig. 3). Beside the storage construction, the late
Bronze Age house also contained a hearth from a met-
alworking area. Additional archaeological evidence such
as metalworking tools and imported ceramics supports the
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Fig. 2 DCA plot of 53 macrofossil samples and 67 taxa types
(cross = species scores) from excavation site Ganglegg. To avoid
crowding on the plot, the names of rare taxa are not shown (Ave-
na_AF = Avena sp. awn fragments, Avena _G = Avena sp. grains,
Bromus = Bromus sp., Cerea_G = Cereal indet. grains, Che_alb =
Chenopodium album, Che_hyb = Chenopodium hybridum, Chenop
= Chenopodiaceae, Ech_cru = Echinochloa crus-galli, Fal_con =
Fallopia convolvulus, Gal_apa = Galium aparine, Gal_tet = Ga-
leopsis tetrahit, Ho_vuG = Hordeum vulgare grains, Ho_vuNG =

view that the hill-top settlement was part of a wider
network of communication and exchange (Gamper and
Steiner 2000). So, this hill-top settlement was focused
mainly on metalworking and trade and it could be pos-
sible that crops were grown at nearby rural settlements.
Such an economic reconstruction should be seen as a
theoretical model and should not be accepted without
question. The identification of the economic function of
sites as cereal producers or consumers based on ar-
chaeobotanical data is difficult; this is discussed in sev-
eral papers (Hillman 1981; van der Veen and Fieller
1992; Jones 1985; Smith 2001).

In contrast, the triangular scatter plot of the data from
Friaga (Fig. 4) represents no relationship between sample
composition and features such as hearths and house areas.
In Friaga, the plant remains obviously derived from dif-
ferent vegetation types which were growing in the sur-
roundings of the settlement, and thus they reflect the
occupied environment in the middle Bronze Age. Most of
the plants were brought into the settlement area inten-
tionally as food, together with weeds and also seeds/fruits

Hordeum vulgare var. nudum grains, Le_cuS = Lens culinaris
seeds, Pa_miG = Panicum miliaceum grains, Pi_saS = Pisum sat-
ivum seeds, Pol_avi = Polygonum aviculare, Pol_lap =Polygonum
lapathifolium, Por_ole = Portulaca oleracea, Rum_ace = Rumex
acetosella, Rum_con = Rumex conglomeratus, Rum_obt = Rumex
obtusifolia, Sil_vul = Silene vulgaris, Sol_nig = Solanum nigrum,
Tr_diG = Triticum dicoccon grains, Tr_moG = Triticum mono-
coccum grains, Tr_spG = Triticum spelta grain, Vi_faS = Vicia faba
seeds)

of collected plants. On the other hand, some of the plants
were brought into the hill-top settlement inadvertently by
people and animals and were preserved charred as the
result of accidental burning. So, these samples represent
most probably rubbish or waste of the inhabitants of the
hill-top settlement. The plant material from Friaga may
thus provide insights into several kinds of food resources
and the environment of the site during the middle Bronze
Age.

Arable farming in the eastern Alps during the Bronze Age
The diet of the Bronze Age settlers in the Alpine area

In general the numbers of seeds in the Friaga/Bartholo-
miberg samples were very low compared to the stored
remains from Ganglegg/Schluderns (Table 2). In the
Bronze Age hill-top settlements 10 cultivated species
could be attested with certainty (Table 2). In both exca-
vation sites Hordeum vulgare (hulled barley) occurred
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grains

weeds chaff

Fig. 3 Triangular scatter plot showing percentages of grain, chaff
and weed seeds from Ganglegg

grains

weeds chaff

Fig. 4 Triangular scatter plot showing percentages of grain, chaff
and weed seeds from Friaga

regularly in the samples. In other Bronze Age excavation
sites in the Alpine area grains of H. vulgare were also
frequently found (Heiss 2001; Jacomet et al. 1999; Oeggl
1992; Swidrak and Oeggl 1998). Besides this, H. vulgare
var. nudum (naked barley) was present in Ganglegg/
Schluderns as a main crop. This cereal is represented
rarely in other settlements of the region like Kulm/Tro-
faiach, Styria (Stika 2000), Mariahilfbergl/Brixlegg,
North Tyrol (Oeggl unpubl.) and Sotciastel/Gadertal,
South Tyrol (Swidrak and Oeggl 1998) but not in eastern
Switzerland. Barley is one of the hardiest cereals, widely
tolerant of soil condition and it also grows up to more
than 1800 m (Hegi 1935). In Switzerland barley was

cultivated in Lii/Miinstertal (Grison) at an altitude of
1950 m. Also, in the climatically favoured south of
Switzerland (Wallis) near Zermatt barley, peas and beans
grow at an altitude of 2000 m (Jacomet et al. 1999). In the
first part of 20th century spelt and einkorn were cultivated
in Vorarlberg. The Montafon was well known for the
cultivation of six-row summer barley. In Bartholomiberg
and adjacent areas wheat, barley and oats were cultivated
up to 1200 m (Mayr 1936).

Hulled wheats such as Triticum dicoccon and T. spelta
are established in both excavation sites as important ce-
reals and the cultivation of these undemanding crops was
common in the eastern Alps (Jacomet et al. 1999). T.
aestivum grains were occasionally found in samples from
Friaga and seem to be rare in the eastern Alps in this
period (Jacomet et al. 1999).

In addition to emmer, spelt and barley, broomcorn
millet was found frequently in all chronological stages
from the middle to late Bronze Age. In the stored remains
from Ganglegg, Panicum miliaceum is found in large
quantities and also occurs frequently. According to eth-
noarchaeological investigations in Nepal and France
(Lundstrom-Baudais et al. 2002), broomcorn millet grains
are treated with a high temperature to extend the period of
storage. Such a grain processing is also conceivable for
the broomcorn millet grains from Ganglegg. Broomcorn
millet grows well in intensive heat and severe drought up
to 1000 m (Hegi 1935). So, these qualities seem to favour
broomcorn millet locally in the dry region of Vinschgau
and it was therefore one of the most important cereals.

Grains of Avena sp. were found regularly in both set-
tlements. Awn fragments of oat were found more fre-
quently in Friaga than in Ganglegg. The grains of dif-
ferent Avena species overlap in size and are impossible to
differentiate, but in Friaga/Bartholomiberg the evidence
of the scars on the spikelet bases are diagnostic for A.
fatua (wild oat). Therefore, the carbonised oat grains in
the Bronze Age layers are interpreted as a crop weed and
no evidence of A. sativa (cultivated oat) is recorded up to
now in the eastern Alps during the Bronze Age (see also
Jacomet et al. 1999).

Three different pulses were found: Lens culinaris,
Pisum sativum and Vicia faba. In Ganglegg, stores of
horse-bean and pea also reflect the situation in Grisons
(Graubiinden, Switzerland, Jacomet et al. 1999). Seeds of
legumes are rich in proteins and were therefore an im-
portant food resource for prehistoric people from the
Neolithic onwards (Zohary and Hopf 2000). In both hill-
top settlements, single seeds of lentil were recovered, but
that is obviously an insufficient number to confirm the
local cultivation of this plant. In the eastern Alps, lentil
occurs as a few finds in Padnal/Savognin (Jacomet et al.
1999), Elvas Strada/Brixen (Oeggl unpubl.) and Sotcias-
tel/Gadertal (Swidrak and Oeggl 1998). Further investi-
gations should therefore prove the position of lentil as a
cultivated plant in the Alpine area.

The food supply was supplemented with the collection
of edible wild plants. The group of these gathered species
(Table 2) includes Corylus avellana, Malus/Pyrus sp.,



Prunus spinosa, Rubus fruticosus, R. idaeus, Rosa sp.,
Sambucus nigra and S. racemosa.

The crop husbandry regime in Ganglegg

The cereal consumer model of Hillman (1981) was ap-
plied to the hill-top settlement and therefore we assume
that crop husbandry was practised close to rural settle-
ments such as Ganglegg. The most frequently occurring
wild species in the samples are arable weeds (Table 2),
which show something of crop cultivation. Detailed
analyses of the crop husbandry were carried out on the
data base of Ganglegg because the remains found in the
late Bronze Age storage building are suitable for that kind
of evaluation.

The data set from Ganglegg shows that there was a
crop rotation system. In general, the dominant weed
species in both sites are Chenopodium album, Fallopia
convolvulus, Galium aparine, Polygonum lapathifolium
and Rumex acetosella (Table 2). The seed assemblages
from Ganglegg represent, in virtually all cases, harvested
cereal crops and their associated impurities. Vicia faba,
Pisum sativum and Panicum miliaceum were cultivated as
summer crops indicated by associated summer annual
crop species (Chenopodietea) such as Chenopodium al-
bum, Galium aparine and Solanum nigrum in the stored
remains. Winter annual species (Secalietea) such as
Avena sp., Bromus secalinus and Fallopia convolvulus
occur frequently in barley-dominated storage finds, and
suggest the cultivation of this cereal as a winter crop.
Emmer and spelt occur as an admixture in stored barley of
the late Bronze Age, so the time of sowing based on
associated crop weeds is indeterminable.

Site catchment analysis is defined that in an area with a
radius of 5 km (site territory) natural resources were used
and within a 1 km circle crop fields were located (Higgs
1975). By using this model and the ecological indicator
values (Ellenberg et al. 1992) of the crop species in the
hill-top settlements, we must assume that the crop fields
were located on well-drained slopes and hill-tops as well
as in damper low-lying areas, within a 500 m radius
around the settlement (Schmidl 2002).

Conclusion

The palaeoethnobotanical investigations of the two hilltop
settlements provide new insights into the type of subsis-
tence strategy in such Alpine settlement types during the
Bronze Age. The crop samples from Ganglegg are most
probably palacobiocoenoses and represent a part of the
original vegetation growing on the cultivated field with
their related crop weeds. The opportunity to study crops
from stored remains enables an insight to be obtained into
their prehistoric cultivation. The evaluation of the field
weed spectra suggests that both winter and summer crops
were grown and confirm a crop rotation system in the
eastern Alps during the Bronze Age. However, crop
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husbandry was one part of the subsistence strategy;
mainly the second reference site, Friaga, gave additional
information about other food resources. The open as-
semblages of Friaga are thanatocoenoses with plant ma-
terial derived from rubbish which was preserved in the
middle Bronze Age occupation layers. They reflect, be-
sides crops, also other vegetation types in the surround-
ings of the hill-top settlement. The preservation of fruits
and nuts in dry settlements is rare and consequently the
occurrence of a wide range of gathered plants in Friaga
provides basic data about the use of natural resources in
the Alpine area during the Bronze Age. The hill-top set-
tlement of Ganglegg as a cereal consumer site concen-
trated mainly on metalworking and trade in the local
settlement network. In the vicinity of the settlement rural
communities most probably carried out agricultural ac-
tivities and provided the settlers with crops.
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