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4ABSTRACT

This Doctoral thesis presents the palaeoecological results obtained in the frame of a multidisciplinary study performed in the habitat of 
the Neolithic Iceman “Ötzi”. Aim of the study was the reconstruction of the former environmental and climatic situation, as well as of the 
land use characterizing the area since the Iceman’s time. Land use changes deal in particular with agricultural practices and the onset of 
transhumance and alpine summer farming. The charred macroremains and animal bones recovered at the Copper Age valley settlement 
of Latsch document that the valley was occupied by an agro-pastoral society based on the cultivation of cereals and legumes, and on 
the rearing of caprines. The most important cereals consumed at Latsch were Hordeum vulgare (hulled barley), Triticum monococcum 
(einkorn), T. dicoccum (emmer). Pisum sativum (pea) was the only protein rich plant recovered at the site. Macro charcoal analyses 
revealed that the vegetation in the valley the south facing slope was characterizes by a mixed pine and oak forest while the north facing 
slope was covered by a spruce forest. Pollen analyses performed at Lake Vernagt indicate that a Picea (spruce) and Pinus (pine) forest 
grew in the montane zone, while according to the subalpine pollen diagrams elaborated for the Schwarzboden, Laguan and Penaud mires, 
the timberline was formed by Larix (larch) and Pinus cembra (arolla pine). In order to reconstruct the development of ancient pasture 
activities in the study area, a set of pasture indicators has been created using modern pollen analogue technique. This calibration set was 
applied to all four pollen diagrams leading to the reconstruction of the local onset of alpine pasture. The results indicate that in the Ötztal 
Alps vertical transhumance and alpine summer farming started at the earliest during the Middle Bronze Age (1600-1350 cal BC).
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1.1. Introduction

On September 19th, 1991 at the borderline between Italy and 
Austria, the most sensational European archaeological discovery 
took place: the mummy of a man, that had been trapped in ice for 
over 5300 years was found on the Similaun Glacier, at 3210 m 
a.s.l.. The ice mummy was nicknamed Ötzi, after the Ötztal Alps, 
the mountains where he was recovered. This finding represented 
a unique opportunity to gain knowledge on how was the daily 
life during the Copper Age (3300-2200 yr BC, see Table 1 for 
chronology) in the Alps. Its detailed study required the collaboration 
of many scientists of various disciplines, who analyzed the mummy’s 
body, as well as the objects that had been found next to it. In 20 
years of studies the researchers revealed several aspects related 
to the Iceman and his equipment (Spindler et al. 1995; Egg and 
Spindler 2009); however, little it is known about the societal setting 
in which he used to live. Well-known facts are his affiliation to 
the Copper Age Remedello Culture (ca. 3400–2400 cal. BC) 
(Prinoth-Fornwangner and Niklaus 1995) and that his place of 
origin was south of the Alps, precisely in the Vinschgau valley 
(Müller et al. 2003, Oeggl 2007). One of the commonly accepted 
theories about his social status was proposed by Spindler (1993), 
and depicted the Iceman as a shepherd involved in the practice 
of transhumance. This theory originated from the palynological 
studies conducted by Bortenschlager (2000) in an Austrian mire 
located near the Iceman discovery site. According to this study, an 
increase of pasture indicators at about 6400 yr cal BP suggests the 
occurrence of local grazing. Since no coeval settlements existed in 
the Ötz Valley and upper Inn Valley, it was assumed that livestock 

was brought up from the Italian side. This implied the occurrence of 
transhumance across the main Alpine ridge (Bortenschlager 2000). 
In fact, on the Italian side, a contemporaneous valley settlement in 
Juval (Tecchiati 1995) (Fig.1) was known in the Vinschgau, place 
of origin of the Iceman (Müller 2003). Nevertheless, this hypothesis 
of early transhumance remained quite controversial, due to the fact 
that it was not supported by any kind of archaeological evidence 
proving the use of the alpine pastures.

In this frame, the aim of the present PhD thesis is to detect the 
onset of the vertical transhumance and alpine summer farming in 
the Vinschgau by means of palaeoecological investigations. 

Figure 1. Map of the study area. Dots (●) represent the location of the sites investigated in the present study.

Time periods Age cal AD/BC
Modern Time 1492-present
Late Middle Ages 1300-1492 AD
High Middle Ages 1000-1300 AD
Late Antiquity/Early Middle Ages 400-1000 AD
Roman Time 15 BC- 400 AD
Iron Age 1000-15 BC
Bronze Age 2200-1000 BC
    Late Bronze Age 1350-1000 BC
    Middle Bronze Age 1600-1350 BC
    Early Bronze Age 2200-1600 BC
Copper Age 3500-2200 BC
Neolithic 6000-3500 BC
Mesolithic 9500-5500 BC
�

Table 1. Chronological table of the archaeological periods

CHAPTER 1

INTRODUCTION & METHODOLOGY
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it maintains the pastures free from forest. Indeed, the prolonged 
use of the alpine grasslands as pastures and for hay making is an 
important factor that shaped the alpine landscape, keeping a great 
surface of naturally forested areas free from the woods.

Both transhumance and alpine summer farming imply a 
spatial exploitation of two environments: the valley bottoms and 
the uplands. Specific ecological, climatic and socio-economical 
conditions trigger the need for transhumance/alpine summer 
farming: 1) the scarcity of pastures near the home farm and the 
simultaneous availability of pastures in the uplands; 2) a period 
of severe summer drought that affects the valley pastures forcing 
the animal owners to move their livestock up to the mountain in 
order to feed it on fresh pastures; 3) a high human and livestock 
demographic pressure in the valley; 4) a high agricultural pressure 
near the village, that leaves no free areas for grazing.

1.3. Methodology 

The Ötztal Alps (Fig. 1) are hereby used as a case study to investigate 
the occurrence of transhumance during the Neolithic, taking into 
account all the possible causes that might have played a role in 
its emergence. The study consists in a multi-proxy reconstruction 
of the former conditions characterizing the Vinschgau’s valley 
floor and high altitudes from the Neolithic period, by means of 
archaeobotanical analyses, namely pollen, macro-remains and 
anthracological investigations. The study was complemented by 
parallel archaeological excavations in the study sites, that aimed 
to find archaeological structures connected with pastoralism. As 
mentioned in the paragraph describing transhumance and alpine 
summer farming, those practices imply the exploitation of natural 
resources located in the valley floor and in the high altitudes, and it 
was hence crucial to acquire information about both environments 
in order to have a complete picture of the situation of the study 
area during the Iceman´s life time. This has been achieved by 
focusing the investigation on different sites located in different 
altitudinal zones.

1. Valley floor: the Copper Age site of Latsch.

The settlement (3895 - 3010 cal BC) (Fig.1) is located in the valley 
floor of the Vinschgau at 620 m a.s.l., and represents so far the only 
clear settlement traces coeval to the lifetime of the Iceman (3300-
2900 cal BC). Its investigation provided the opportunity to gain an 
insight on the life in the valley during the Iceman´s life time. The 
analyses of carbonized macro-remains supplied information about 
the agricultural system, while macro-charcoal fragments allowed the 
reconstruction of the former vegetation and the use of wood within 
the settlement. Faunal remains gave a picture of the composition of 
livestock and the importance of husbandry at that time and, finally, 
the archaeological findings furnished details about other activities 
carried out in the settlement. The methodological details of this 
interdisciplinary study are explained in Chapter 2. 

2. High altitudes: Lake Vernagt, Schwarzboden, Lagaun and 
Penaud mires.

In the high altitudes the study focuses on three mires (Schwarzboden, 
Lagaun, Penaud) and one lake (Lake Vernagt) lying on the traditional 
transhumance route going from the Vinschgau valley floor up to 
the Iceman discovery site (Fig.1). Pollen, micro-charcoal and 
non pollen palynomorphs (NPPs) analyses were performed on 

1.2. Definition of transhumance and alpine summer 
farming

Seasonal transhumance and alpine summer farming are traditional 
practices that still play a great role in the dairy farming in the Alps. 
In fact, also in the Vinschgau Valley transhumance still takes place 
twice a year and it is celebrated as a great occasion that became 
a touristic attraction. The event involves about 4000 sheep and 
goats, that in the middle of June leave from Vernagt and Maso 
Corto (Schnals Valley), cross the main Alpine ridge at the Hoch 
Pass and Nieder Pass, to finally reach the Austrian pastures of the 
Vent Valley. In fact, the grazing rights of this territory belong to 
the farmers of the Schnals Valley (Werner 1969). The journey lasts 
two days, during which the shepherds guide the flocks over steep 
rocky areas and snow fields, covering a distance of about 44 km. 
In September shepherds and flocks return to the Schnals valley 
following the same route backward.

In order to be able to contextualize the practice of transhumance 
and alpine summer farming in the past and understanding the 
possible factors that might have triggered their onset, it is important 
to define it and outline its main features.

Transhumance in the Alps can be defined as the vertical 
movement of livestock/flocks from the valley to the higher altitudes 
at the beginning of the summer, and their consequent moving back 
for the wintertime (Spindler 2003). In this work the focus is on short-
distance transhumance, also called intra-regional transhumance, 
meaning that the traveled distance varies from a few kilometers up 
to 40-50 km at the most, always remaining internal to the home-
territory of the community (Cleary & Delano 1990). The seasonal 
movement of the livestock implies the presence of a stable valley 
settlement characterized by an agro-pastoral economy, where the 
animal owners give a part of their livestock to a common shepherd, 
who leads it to the alpine pastures and takes care of it during the 
summer (Spindler 2003). The aim of transhumance is merely meat 
production (Grass 1980); no production of milk and milk products 
is implied. This movement of a fraction of the livestock is necessary 
in the mountain regions, where space for agriculture in the valley 
floor is quite limited. In this sense transhumance is a subsistence 
strategy that aims to exploit the spatial distribution of the natural 
resources within a limited space, namely the flat and fertile valley 
floor for agriculture and the alpine grassland for grazing. It must 
be noted that an animal owner needs to have very good reasons in 
order to decide to move his livestock to feed it, and he will surely 
move it as close as possible to the home village. Transhumance is, 
indeed, costly: in terms of time, labor, animal form, and eventually 
in term of loss of beasts (Cleary-Delano 1990).

The origin of the alpine summer farming (Almwirtschaft) 
tradition has its roots in the practice of transhumance. Indeed, it is 
considered as the evolution of this practice due to the intensification 
of agriculture in the valley floor (Jacobeit 1961) and the beginning 
of dairying. Alpine summer farming is directly connected to an 
intense dairying activity (Spindler 2003). The livestock is taken 
to the mountain for the summer season where secondary milk 
products are prepared and stored for the winter time. The summer 
farming implies thereby the presence of seasonal constructions 
meant for hosting humans and animals, such as a refuge, a dairy 
farm shelter (in German “Alm”), and eventually a stable. It may 
include as well the hay making practice, which allows gathering 
and storing of winter fodder for the livestock and, at the same time, 
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the sediment and peat cores collected from the sites. Parallel to 
the palaeo-ecological analyses, archaeological excavations were 
conducted in the area, aiming to find prehistoric stone structures 
connected with pastoralism. The palynological analyses provided 
the reconstruction of the vegetation history and land use in the 
montane and subalpine zone of the Vinschgau and Ötztal Mountains 
from the Neolithic till the present time, including the development 
of alpine pastures. Further details on the methodology are reported 
in Chapter 4.

3. Altitudinal transect

The reconstruction of the pastures development was based on a 
calibration set created for the study area using the modern pollen 
analogues technique. Samples of modern pollen rain have been 
collected along an altitudinal transect and pollen spectra have 
been investigated by means of different statistical methods (Davis 
indices of association, underrepresentation and overrepresentation, 
ordination analyses, weighting average). This provided a list of 
useful pasture indicators to be applied in the interpretation of fossil 
pollen diagrams for the reconstruction of former pastures. The details 
of the methodology are further explained in Chapter 3.
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AGRICULTURAL BACKGROUND IN THE VINSCHGAU LOWLANDS:

THE LATE NEOLITHIC SETTLEMENT OF LATSCH

2.1. Diet and vegetation of the Vinschgau valley floor during the Iceman Time
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2.2. Isotope analyses on tooth enamel of domestic 
animals: modern vs. Neolithic seasonal migration in 
the Vinschgau

During the archaeological excavation of the site of Latsch and the 
sieving of the archaeobotanical samples, 20 animal teeth belonging 
to sheep, goat, cattle and pig have been retrieved. This offered 
the possibility to directly detect animal mobility via highly-time 
resolved isotope analyses of tooth enamel, by measuring strontium 
and oxygen isotopic ratios and trace elements concentrations. The 
analyses have been performed by Samuel Burret in the frame of his 
Master thesis (Burret 2011), supervised by Prof. Wolfgang Müller 
(University of Royal Holloway University of London, UK). 

In order to test if tooth enamel is capable of recording seasonal 
movements, isotope analyses have been performed also on teeth 

belonging to modern specimen involved in the traditional Ötztal 
Alps transhumance. Results obtained on modern teeth clearly 
show that tooth enamel is able to record seasonal movements of 
the animal. Archaeological teeth from the Latsch settlement also 
recorded seasonal movements (Burret  2011). However, it is not yet 
possible to asses if the movements registered in the tooth enamel 
are horizontal, hence reflecting small migration of the animal in the 
valley bottom, or vertical, hence reflecting transhumance. According 
to the results, there is no clear evidence for vertical transhumance 
during the Copper Age.
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Introduction

Pollen analyses contribute substantially to the reconstruction of past 
cultural landscapes. Thereby an accurate interpretation of the pollen 
data is essential for the evaluation of vegetation and land use changes, 
and consequently for the estimation of the anthropogenic impact 
throughout time. Since the definition of anthropogenic indicators 
by Behre (1981, 1988), several studies have been conducted in the 
attempt of enhancing the reliability of human activity reconstructions 
by means of fossil pollen assemblages. Investigations are focused 
on the relationship between recent vegetation communities and 
modern pollen assemblages, considering the factors controlling their 
formation and preservation, such as pollen production, liberation, 
dispersion, transport, recruitment, deposition, preservation, type 
and size of catchment basin, etc. (Faegri & Iversen 1989 ). In this 
context, modern pollen analogue studies proved to provide valid 
calibrations (Mazier et al. 2009), which are usually region-specific, 
except for some basic patterns. In Europe, valuable studies have 
been accomplished for Scandinavia, (Hicks 1996, Hjelle 1997, 
1998, 1999), the Pyrenees (Mazier et al. 2006 and 2009; Ejarque 
2011) and for the French Alps (Court-Picon et al. 2006). So far, no 
modern pollen studies have been conducted in the Eastern Alps, 
which are among the main mountain regions greatly affected by 
human impact since early prehistoric times, as clearly documented 
by the most important and spectacular archaeological finding of 
the last decades, namely the discovery of the Alpine Iceman 
(Spindler 1993). In this frame, this contribution presents the results 
of a modern pollen analogues study performed in the Ötztal Alps 
(European Central Eastern Alps), aiming to define a calibration 
data set of pollen indicators for grazing activity in the montane 
and subalpine zones for a better understanding of the onset and 

the extent of pasture activities in the Eastern Alps. 

Material and methods

Study area

The Ötztal Alps are a part of the European Central Eastern Alps and 
are located partially in Italy and partially in Austria, including the 
main Alpine ridge (Figure 1). They are confined by the Inn valley 
(Austria) to the north and west, by the Etsch Valley (Vinschgau, 
Italy) in the south and by the Stubai Alps to the east. The area is 
mainly characterized by metamorphic silicate crystalline rocks, 
with the presence of carbonate outcrops in the north-eastern part 
(Frank et al. 1987). The geomorphology is moulded by glacial 
activity resulting in U-shaped main valleys with, hanging valleys 
and cirques, etc. The altitudinal range is quite marked and varies 
from ca. 300 m a.sl. in the Vinschgau valley floor to the 3774 m 
a.s.cannl. of the Wildspitze, the highest peak of the Ötztal Alps. 

Due to its location within the Alpine chain this area is 
characterized by a continental climate, with low precipitations that 
concentrate during the summer months, reaching their minimum 
(440-530 mm/yr) in the Vinschgau (Fliri 1975). In the northern 
part the montane vegetation zone is characterized by a pure spruce 
forest (Piceetum montanum), which becomes a mixed larch-spruce 
forest (Larici-Piceetum) at higher altitudes (Pitschman et al. 1980), 
and in the southern part the slopes are covered by inner-alpine pine 
woods (Astragalo-Pinetum sylvestris) (Peer 1995). Larch-arolla pine 
forests (Larici-Pinetum cembrae) characterize the subalpine zone 
of the entire study area (Pitschman et al. 1980) and constitute the 
timberline.  South of the main Alpine ridge in some valleys these 
larch-arolla pine forests are composed by larch (Larix decidua) 

Figure 1. Map of the Oetztal Alps showing the location of the modern pollen samples
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only. The timberline oscillates between 2100 and 2200 m a.s.l. The 
low amount of precipitation is well reflected in the montane open 
land communities of the southern part, the Vinschgau, where the 
continental Festuca valesiaca sward and warm loving Berberidion 
communities expand. The subalpine grasslands are mainly formed 
by Yellow Oatgrass communities (Trisetetum) and False Oatgrass 
communities (Arrhenatheretum), while at higher altitudes crooked 
Sedge sward formations (Caricetum curvulae) occur (Pitschman 
et al. 1980).

Site selection and sampling

Modern pollen samples were collected during the end of the 
summer season at 39 sites along an altitudinal transect from the 
montane (about 1000-1800 m a.s.l.) to the subalpine zone (about 
1800-2500 m a.s.l.) of the Ötztal Alps (Table I). Sampling on 
moss cushions was chosen because of their gradually but steadily 
occurrence along the transect, and because they contain the pollen 
rain of several years, which makes them a suitable analogue for the 
interpretation of fossil pollen spectra (Mazier et al. 2009, Hicks & 
Birks 1996, Hjelle 1999). For the study, the main vegetation types 
of the montane and subalpine zones were sampled, with special 
regard to pastures. 

Environmental and land use variables

In order to investigate the relationship between modern pollen 
assemblages and modern vegetation, several ecological variables 
have been recorded, namely topography, land use, soil and vegetation 
type (Table II). Grazing and mowing activity were recorded as 
numerical land use variables, while for the forest the tree cover is 
given in percentages. Samples have been collected on three types 
of soils (ranker, regosol, and brown soil), as documented in the soil 
map of Austria (Wetters 1972). 11 vegetation types were sampled 
and classified according to the main local montane and subalpine 
vegetation types (Peer 1995). Nomenclature of vegetation types 
is according to Ellenberg (1986). Vegetation relevés have been 
conducted for every site and taxa were recorded in terms of presence/
absence. Finally, topographical variables as altitude and geographic 
coordinates were recorded with a GPS device.

Pollen analyses

Samples have been chemically processed according to standard 
methods (Faegri and Iversen 1989) encompassing acetolysis and 
HF 20% treatment, if needed. Lycopodium tablets were added 
to calculate pollen concentrations (Stockmarr 1971). Pollen 
identification was performed by means of a light microscope at 
magnifications of 400x, 600x and in critical cases 1000x, using 
the reference collection of the Botanical Institute of Innsbruck 
University, as well as identification keys by Beug (2004), Faegri 
and Iversen (1989), Moore et al. (1991), Punt et al. (1976-2009) 
and the pollen atlas by Reille (1995). 

Relationship between modern pollen assemblages and recent 
vegetation: association and representation indices

Davis indices of association (A), overrepresentation (O) and 
underrepresentation (U) (Davis 1984) are a common approach to 
analyse the vegetation-pollen relationship (Mazier 2006; Cañellas-
Boltà et al. 2009, Ejarque et al. 2011) and hence have been applied 
to the dataset. To enable the comparison between pollen and plant 
data, plant taxa, as recorded in the vegetation relevés, were grouped 
according to the corresponding pollen types. Taxa represented only 
as pollen or only as plants were excluded, resulting in a 46 taxa 
dataset on which the indices were calculated. Principal Component 
Analysis (PCA) has been exercised to graph the relationship 
between the indices (variables) and the taxa (objects). PCA used 
a covariance matrix with the eigenvectors adjusted by variance 
and was performed with the software CANOCO for Windows 
4.5 (ter Braak and Šmilauer 2003). Furthermore, taxa have been 
classified into groups by means of agglomerative hierarchical 
clustering with proportional-link linkage. Cluster analysis of the 
taxa was implemented with the software R (R Development Core 
Team, 2004).

Relationship between modern pollen assemblages and 
environmental variables

Direct gradient analyses are suitable to investigate modern pollen 
variation in relation to the environmental variables (grazing, 
mowing, vegetation types, tree cover, soil types and altitude). 
Hence, Detrended Canonical Correspondence Analysis (DCCA) 
was performed on the dataset (pollen percentage values were used, 
no data transformation was applied, downweighting of rare species 
was applied) in order to determine whether a linear or unimodal- 
based method must be applied. This resulted in a length of gradient 
of 2.297 standard deviation units of species turnover, which means 
that it is appropriate to use a unimodal based method, such as 
Canonical Correspondence Analysis (CCA) (ter Braak & Šmilauer 
1998). In order to select the environmental variables contributing 
significantly to the pollen-environmental model statistical testing 
using forward selection of the explanatory variables with Monte 
Carlo permutation test (199 permutations) was performed (ter 
Braak & Šmilauer 1998). Explanatory variables that hereby 
showed no statistical significance were included in the CCA as 
passive variables, as well as redundant variables (according to 
their variance inflation factor, VIF>20).

Pollen/land use relationship in the montane and subalpine 
zones

To evaluate the relationship between pollen rain variation and land 

variables unit 
topography altitude (m a.s.l) 
soil type brown soil (0/1) 

ranker (0/1) 
regosol (0/1) 

land use grazing (0/1) 
mowing (0/1) 

vegetation openness  tree cover (%) 
vegetation type  LaSp: larch-spruce wood (0/1) 

SpPi: spruce-pine wood (0/1) 
LaAp: larch-arolla pine wood (0/1) 
Lm: larch meadow (0/1) 
Mp: mountain pine scrub (0/1) 
RAh: rosty alpenrose heath (0/1) 
Cr: crooked sedge sward (0/1) 
Ym: yellow oatgrass meadow (0/1) 
Fe: Festuca valesiaca sward (0/1) 
Cl: white clover pasture (0/1)  

�

Table II List of topographic, land use, environmental and vegetation 
variables recorded for each modern pollen sample
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use minimizing the effect of altitude, the data were divided into 
two datasets according to the sites´ elevation. This resulted in a 
dataset for the montane zone, which includes 16 samples collected 
at an altitude from 1000 to 1800 m a.s.l., and a dataset for the 
subalpine zone, containing 23 samples collected from 1800-2400 
m a.s.l.. In order to verify the data distribution of the montane 
and subalpine datasets, a Detrended Correspondence Analysis 
(DCA) has been performed separately on the two datasets. For 
the analyses pollen percentage values have been used and extra-
regional pollen has been excluded in order to enhance the local 
component. Downweighting of rare species has been applied. This 
resulted in a length of gradient of respectively 2.285 for the montane, 
and 2.166 for the subalpine set, implying that a unimodal based 
method is appropriate. Correspondence analyses (CA) have been 
performed for both modern pollen datasets in order to investigate 
the relationship between pollen taxa and grazing. CA has been 
carried out for both datasets applying downweighting of rare species 
and excluding extra-regional pollen belonging to plants that are 
not found in the vegetation. The analysis was implemented with 
CANOCO for Windows 4.5 (ter Braak and Šmilauer 2003).

An additional step of the numerical analyses consisted in a 
more specific evaluation of the degree of affinity of pollen taxa to 
pasture communities in each altitudinal zone. We accomplished 
this task performing Weighted Averaging (WA) separately on the 
montane and subalpine modern pollen datasets. Within each dataset 
we calculated the optimum (WA opt) for each taxon in relation 
to the “grazing” variable. This was achieved by multiplying the 
abundance in percentage of each species by the corresponding 
weighting factor (grazing =  0 or 1), summing the weighted values 
and dividing by the sum of the unweighted values. The resulting 
species optima values range from 0 to 1. A taxon associated with 
the management “grazing” has a WA opt value close/equal to 1 (see 

Table IV), whereas a taxon that avoids pasture communities has a 
WA opt close/equal to 0. In order to refine these results and obtain 
a reliable list of potential pasture indicators, the significance of 
taxon having a WA opt >0.5 was tested. For pollen types showing 
a normal distribution (Kolmogorov-Smirnov test) a Student t-test 
was performed, while for those having a not-normal distribution 
a Mann-Whitney U Test was applied.

Results

Modern pollen assemblages 

Figure 2 summarizes the results of the pollen analysis performed 
on the modern surface samples, showing a selection of about 50 
taxa over the 70 that have been recorded. Single findings and pollen 
types, which are not represented by individual plants in the local 
vegetation, have been omitted from the diagram. Samples have been 
ordered according to the altitudinal sequence of vegetation types 
(Table I; Figure 2). Pollen rain evaluated from the modern samples 
adequately reflects the forest vegetation. Arboreal pollen is, in fact, 
well represented in the sample spectra collected in forested sites 
and approximates the original vegetation; e.g. samples recovered 
in larch-arolla pine forests (LaAp in Figure 2) are characterized 
by pollen spectra rich in Larix and Pinus cembra pollen, those 
gathered in larch meadows (Lm in Figure 2) present a dominance 
of Larix and Poaceae pollen among other arboreal taxa, etc. On 
the contrary, pollen rain representing open vegetation sites shows 
sometimes a mismatch. While Poaceae pollen characterizes the 
spectra of subalpine grassland vegetation (e.g. Ym, Cl in Figure 2), 
high AP (particularly Pinus) with moderate values of Poaceae and 
Artemisia-type pollen characterize the pastured Festuca valesiaca 
sward in the montane zone. 

Figure 2 Percentage diagram of modern pollen rain samples from the Ötztal Alps. Pollen sum includes AP and NAP, Cyperaceae are excluded. Black 
dots represent pollen percentage values <1%. Zonation according to vegetation types (for abbreviations see table1). Diagram drawn with C2 software 
(Juggins 1991)
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Modern pollen/vegetation relationship: association and 
representation indices

The PCA scatter plot presented in Figure 3 summarizes the 
relationship between the different pollen taxa and the calculated 
Davis indices of association and representation. PCA axis 1 accounts 
for 66.2% of the total variance and it splits plant taxa whose pollen 
grains are underrepresented (Gentianaceae, Plantago alpina-type, 
Thalictrum, Urticaceae, positive side of the axis) from those that 
are well associated with the presence of the plant (Chichorioideae, 
Ericaceae, Larix, Poaceae, negative side of the axis). PCA axis 2 
accounts for 31% of the total variance and separates taxa that are 
overrepresented in the pollen spectra (negative side of the axis) 
from those that are well associated with the correspondent plant 
taxon (positive side of the axis). Corylus, Betula, Pinus, Picea, 
Brassicaceae, Senecio-type and Ranunculaceae, Artemisia-
type, Saxifraga oppositifolia- and S. granulata-type, Calluna 
vulgaris, Potentilla-type and Cyperaceae are taxa showing an 
overrepresention, meaning that pollen is found also when the 
plant is absent in the vegetation releves. 

The results of the cluster analysis are plotted in the PCA (Figure 
3), showing that the ordination and the classification method 
applied to the dataset are in good agreement. Strong associated 
taxa (Poaceae, A value>0.75) group together with associated taxa 
(0.75 <A< 0.5, Ericaceae, Chichorioideae and Larix) in cluster 1 
in the left-upper quadrant. Weakly associated taxa, which have 
A values < 0.5, cluster in group 3 and 4, where group 3 includes 
taxa tending to underrepresentation (high A and U values, very 
low O values) and group 4 includes taxa with higher O values. 
Campanulaceae, Saxifraga stellaris-type and Rumex acetosella-
type are weakly associated taxa as well but do not cluster in these 
two groups. Cluster 5 clearly represents overrepresented taxa, 
which have high O values, low A values and zero U values, while 
underrepresented taxa are displayed in cluster 2 (Thalictrum, 
Urticaceae, P.alpina-type and Gentianaceae).

Modern pollen/environmental variables relationship

Figure 4 a and b presents the results of CCA describing the variability 
in the data set related to the environmental variables. To facilitate 
the readability of the graph and avoid overcrowding, 2 triplots 
based on the same analysis are shown: Figure 4a presents the 
relationship between samples and environmental variables and in 
Figure 4b the relationship between species-environmental variables 
is shown. According to the VIF values (>20) the variables regosol, 
Crooked sedge sward (Caricetum curvulae) and Festuca valesiaca 
sward (Festucion valesiacae) showed multicollinearity and were 
hence excluded. Statistical testing using forward selection of the 
environmental variables with Monte Carlo permutation test (ter 
Braak & Wiertz 1994) showed that 10 out of the remaining 14 
variables (Table III ) contribute significantly (P<0.05 after 199 

Figure 3 Principal Component Analysis (PCA) 
displaying the relationship between Davis 
indices (arrows) and different taxa (points). 
A= association index, U=underrepresentation 
index, O =overrepresentation index. 
Abbreviations: Sax.= Saxifraga; P.= Pinus; 
Pl.= Plantago; R.=Rumex; t=type

Variable p-value  
Tree cover 0.005  
Altitude 0.005  
Grazed 0.035  
Mown  0.045  
Brown soil 0.005  
Ranker  0.005  
White clover pasture 0.020  
Larch meadow 0.015  
Yellow oatgrass meadow 0.005  
Rosty alpenrose  0.005  
Mountain pine scrub 0.065 n.s. 
Larch-arolla pine wood 0.205 n.s. 
Larch-spruce wood 0.230 n.s 
Spruce-pine wood 0.075 n.s 

�

Table III Results of Monte Carlo permutaion test (199 unrestricted 
permutation) for 15 explanatory variables; n.s.= not significant 

at α= 0.05
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Figure 4 a and b Results of the Canonical Correspondence Analysis (CCA) showing the relationship between explanatory variables and modern 
pollen assemblages. Dots (○) represent samples in Figure 4a and species in Figure 4b, variables that are significant according to the Monte Carlo 
permutation test (P<0.01, 199 permutations) are displayed by up-right triangles (▲) while passive variables are represented by down-right triangles 
(▼) Abbreviations: Camp= Campanulaceae; Caryophy= Caryophyllaceae; Chic= Chichorioideae; Cyp= Cyperaceae; Gent=Gentianaceae; P.= Pinus; 
Pl.= Plantago; Pol.=Polygonum; R.=Rumex; Ranun= Ranunculaceae; Sax. gran.= Saxifraga granulata; Sax. opp= Saxifraga oppositifolia; Sax.stel= 
Saxifraga stellaris; Scrophu=Scrophulariaceae; for abbreviations of variables see Table I

a.

b.
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permutations) to the pollen-environment model shown in Figure 
4a and b. The following variables have therefore been included as 
passive variables in the CCA: Crooked sedge sward (Caricetum 
curvulae), Festuca valesiaca sward (Festucion valesiacae), 
mountain pine scrub (Rhododendron ferruginei-Pinetum prostratae), 
subalpine larch-arolla pine wood (Larici-Pinetum cembrae), larch-
spruce wood (Larici-Piceetum), spruce-pine wood (Piceetum 
montanum). Both axes are statistically significant (P<0.05 after 
199 Monte Carlo Permutations) and capture 31.8% of the total 
variation of the 70 pollen types in relation to the environmental 
variables. Axis 1 explains 20.9% of the total variation of the dataset 
and contrasts mainly an altitudinal gradient. Axis 2 explains 10.9% 
of the variance and essentially represents a forest- open vegetation 
gradient as well as a human impact gradient. On the negative side 
of the second axis samples collected in sites highly managed by 
humans are placed, namely grazed and mown grasslands and wood 
pastures (V36, T25, T26). On the positive side of the second axis 
almost uniquely samples reflecting a forest situation are displayed, 
with the exception of RF6 and RF7, which are related with the 
regosol. 

In the upper quadrants (Figure 4b) pollen types having a positive 
correlation with forest are displayed: Picea, Pinus cembra, Betula, 
Abies. In the left-lower quadrant mainly samples coming from 
lower altitude pastures are grouped (Figure 4a). They correspond 
to the Festuca valesiaca sward, which also show a correlation 
with brown soil. Artemisia-type, P.media-, P. lanceolata- and 
Polygonum aviculare-types correlate well with such sites (Figure 
4b). In the right lower quadrant, samples from higher altitude sites 
affected by grazing and mowing activity are displayed. Aconitum-
type, Alchemilla-type, Rhinantus-type, Ligusticum-type, Saxifraga 
stellaris- and granulata-types are more correlated with Rosty 
Alpenrose heath and Yellow oatgrass meadow, while Calluna 
shows a correlation with Crooked sedge sward. 

A soil gradient is also present corresponding to the altitude, 
whereby brown soil occurs at lower altitudes, ranker at intermediate 
altitude and regosol at high altitudes.

Pollen/land use relationship in the montane and subalpine 
zones

Figure 5 shows the results of the CA performed on the montane 
modern pollen dataset. The first two axes account together for 55.4% 
of the variance. Samples are mainly distributed along axis1 (λ1 
=0.476, 31.9% of the variance), which represents a forest-grassland 
gradient where the forest samples are placed on the positive side of 
the axis and the open vegetation samples are placed on the negative 
side of the axis. In the left-lower quadrant the samples from grazed 
open-stands are grouped together with species that mainly occur 
in such pastures, e.g. Artemisia-type, Plantago major-, Plantago 
media- and  Plantago lanceolata-type, Rumex acetosella-type, 
Chenopodiaceae and Helianthemum. Samples also strongly correlate 
with Pinus pollen, which comes from the surrounding forest. As 
previously mentioned, montane pasture samples do not correlate very 
well with Poaceae, probably due to the fact that they are subjected to 
overgrazing, which affects negatively their flowering forcing them 
to rely on vegetative propagation.On the contrary, Poaceae show 
a relation with woody sites. The second axis (λ2 =0.352, 23.5% of 
the variance) explains less variability and it is mainly correlated 
with Larix, and partially with an altitudinal gradient influencing the 
composition of the forest vegetation displayed in the right-lower 
and upper quadrant. The right-lower quadrant includes samples 
characterized by Pinus cembra and located at an altitude above 
1600 m a.s.l., while the right-upper quadrant displays samples 
collected at lower altitudes and characterized by the occurrence 
of Larix and Picea. Sample V36 is strongly correlated with Larix 
and was collected in a larch meadow. 

Figure 6 displays the results of the CA on the subalpine modern 
pollen dataset. The first 2 axes explain together 48.9% of the total 
variance. The first CA axis (λ1 =0.451) explains 30.2% of the 
variance and contrasts a forested-open vegetation gradient. Taxa 
showing good correlations with the first axis are indeed Pinus, Pinus 
cembra and the herbaceous taxa Poaceae, Rubiaceae, Saxifraga 
oppositifolia-type, Caryophyllaceae. On the positive side of the 
axis are placed samples representing a forest and having a pollen 

Figure 5 Results of the Canonical Analysis carried 
out on the montane modern pollen database. Circles 
(○)represet samples; triangles (∆)represent species. 
For abbreviation of species see Figure 4
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spectrum characterized by high AP percentages particularly of 
Pinus mugo/sylvestris and Pinus cembra. On the negative part 
of the first axis samples collected in grazed and mown sites are 
ordered in accordance with the occurrence of several herbaceous 
taxa (Poaceae, Brassicaceae, Geum-type, Plantago types, 
Gentianaceae, etc.). The CA shows no clear division between the 
mown and the grazed sites, and it is therefore difficult to tell which 
taxa occur more frequently in grazed sites and which in mown 
sites. However, better results regarding potential pasture indicators 
have been obtained by weighted averaging analysis, as discussed 
in the next paragraph.The second CA axis explains a variance of 
only 18.7% (λ2 =0.279) explains less variability than the first axis. 
Species correlating positively with the second axis are Calluna, 
Ericaceae, Juniperus and Salix.

Identifying pasture indicators

Table IV reports pollen types having a WA opt greater than 0.5 
and their calculated significance as indicators of grazing activity 
according to t-test and Mann-Whitney U test. Within the montane 
modern pollen dataset Artemisia-type, Plantago lanceolata-type 
and P. media-type, Chenopodiaceae, Helianthemum, Brassicaceae 
and Cichorioideae pollen have a high WA opt , indicating a clear 
preference for pastures. However, only Artemisia-type, Plantago 
lanceolata-type and Chenopodiaceae have been found to be 
significantly distributed in pasture. These taxa have indeed a very 
high optimum and hence a marked affinity for grazed sites.

A higher number of pollen types seem to have a marked 
preference for grazed sites (see Table IV) in the subalpine pollen 
dataset. However, according to the performance in the significance 
tests, a shorter list of taxa was selected as potential subalpine pasture 
indicators as follows: Saxifraga granulata-type, S.oppositifolia-
type and S.stellaris-type, Rhinanthus-type, Geum-type, Campanula/
Phyteuma-type, Urticaceae, Rumex acetosella-type, Plantago 
alpina-type and Gentianaceae. These taxa have a WA opt >0.7 and 
thus a marked preference for grazed sites.

Discussion

Pollen indicators for pine-spruce forest and larch-spruce 
forest

The proportion of AP/NAP of montane pine-spruce and larch-
spruce forest is coherent with the actual tree cover, whereas the 
main arboreal taxa characterizing the pollen spectra generally well 
reflect the vegetation composition. In the pine-spruce forest the 
dominant pollen taxa are Pinus and Picea, with Picea showing 
higher percentages than Pinus. Since, according to Davis´ indices, 
both pollen types are overrepresented, this difference is probably 
due to the respective plant abundance. In larch-spruce samples 
Picea is generally the dominant taxon and Larix is of secondary 
importance, reaching maximum values of 18%. This is due to the 
fact that Larix pollen has a limited pollen production and dispersion 
(Huntley and Birks 1983) and it is well associated while Picea is 
overrepresented.

Pollen characteristic for larch-arolla pine woods, pure larch 
stands and mountain pine stands

Among the conifers, only Larix pollen is well associated rather 
than overrepresented, and therefore the pollen spectra of  larch-
arolla pine wood (e.g. V3) are affected by the overrepresentation 
of Pinus and P. cembra. Exceptionally high percentages of larch 
(Larix) pollen can be found only occasionally in larch meadows 
(52% in sample V36), which are pure larch stands. In general, 
pollen spectra originating from this vegetation type show a clear 
predominance of larch pollen among tree pollen. Huntley and 
Birks (1983) report that Larix values rarely exceed 10% even in 
the case of larch-dominated forests. This pattern has recently been 
confirmed by Court-Picon et al. (2006) in a modern pollen analogue 
study performed in the French Alps, where Larix pollen hardly 
reaches 10% in pure larch forest. These results can be applied to 
the interpretation of fossil pollen diagrams, in which they play an 

Figure 6 Results of the Canonical Analysis carried 
out on the subalpine modern pollen database. Circles 
(○) represet samples; triangles (∆) represent species. 
For abbreviation of species see Figure 4
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important role not only on the intra-community level but also on 
the inter-community level. The fact that pure larch stands have been 
proved to produce a pollen rain which is basically local (Faegri 
Iversen 1989), whereas the remaining forest types produce pollen 
rain with regional and extra-regional features, implies that in a 
fossil pollen diagram it is difficult to detect this vegetation type. In 
fact, since a sedimentary basin collects pollen from all the different 
vegetation communities present within a certain radius (Delcourt & 
Delcourt 1988), the regional pollen input will or superimpose the 
local signal of the larch forest. A precise palynological reconstruction 
of pure larch forest during the Holocene is a crucial issue for the 
study area as well as for other mountain areas, where nowadays 
pure larch stands are used for grazing purposes. Their development 
is usually considered to be a result of land-management and hence 
they represent a strong human impact by grazing pressure. Gobet 
et al. (2003) and Zoller et al. (1998) argue that in the Engadine 
(Switzerland) the development of larch forest was promoted by 
agro-pastoral activities and occurred since the early Bronze Age 
(1950 B.C.).

Pollen spectra of samples collected in mountain pine stands 
are dominated by Pinus pollen, which includes Pinus sylvestris as 
well as Pinus mugo. A extra-local/regional input of Pinus cembra 
is also recorded.

Pollen indicators for montane pastures

The AP/NAP proportion in the montane pollen spectra rarely reflects 
the tree/herb proportion in the actual vegetation. The mismatch 
regards in particular the pastures, which show an overrepresentation 
of AP (up to 90%), namely Pinus, and underrepresentation of NAP. 
Pine (represented by Pinus sylvestris, P. mugo and P. nigra) is a 
good pollen producer and it is quite abundant in the vegetation of the 
study area. Its pollen type gives therefore an essential contribution 
to the high extra-local and regional AP component in the pasture 
samples. The main sources of pine pollen are the inner-alpine 
pine woods (Astragalo-Pinetum sylvestris) and the downy oak-
pine woodlands (Antherico liliaginis-Pinetum sylvestris), which 
characterize this part of the study area (Vinschgau, Italy), but also 
Pinus nigra afforestations (Strimmer 1975). The abundance of pine 
in the vegetation at all altitudes, the high pollen production, its good 
dispersion and transport is conductive to the consistent record of 
this pollen in the extra-local and regional component in the pollen 
rain. As a matter of fact, Davis indices of association clearly place 
Pinus among the overrepresented taxa, and its overrepresentation 
is a common feature observed in several modern pollen studies 
from different European regions (Brooström et al. 1998, 2004; 
Court-Picon et al. 2006, Hjelle 1999, Markgraf 1980), whereas the 
chance of miscalculating the proportion of open landscape due to 
the overrepresentation of pine has been previously pointed out by 
Sugita (1999). However, in our case the overrepresentation of pine 
pollen is not the only factor affecting the real tree/herb proportion. 
This is also due to the very low pollen production of NAP, namely 
Poaceae, suggesting their underrepresentation. However, according 
to Davis indices of association Poaceae is a strongly associated 
taxon (where the plant is present the pollen is present). The negative 
influence of grazing on the flowering and pollen production of 
Poaceae is a phenomenon that has already been documented by 
Hjelle (1998) and Groenman-van Waateringe (1993), while lower 
percentages of Poaceae in grazed and overgrazed sites have been 
also recorded in works by Brugiapaglia et al. (1998), Court-Picon 
et al. (2006), and Mazier et al. (2006). The studied pastures are 
hence a case of open grasslands characterized by a low local pollen 
production and a predominating extra-local/regional component 
in the pollen rain. 

The main pollen characterizing montane pastures in the 
Vinschgau is the Artemisa-type. This pollen type has the highest 
WA opt value among the montane pasture indicators (Table IV), 
which means that it has a strong preference for grazed sites. 
According to Davis´ indices of representation Artemisia-type pollen 
is overrepresented in the altitudinal transect, probably due to the fact 
that it relies on wind pollination. However it must be considered 
that modern pollen samples for this study have been collected at the 
end of the summer season, hence during the Artemisia flowering 
period, which might cause an amplification of the Artemisia-type 
pollen signal. Nevertheless, according to the vegetation relevés the 
great majority of this pollen comes from Artemisia campestris, A. 
absinthium and Artemisia vulgaris, which prosper in these pastures 
because of their unpalatable qualities (woody stalk, bitter taste due 
to essential oils, A. absinthium is toxic). Source of allochthonous 
Artemisia-type pollen from lower altitudes are the neophytes A. 
annua and A. verlotium, and from higher altitudes A. genipi and 
A. mutellina. Those last-mentioned plants are present in the wider 

Pollen type Frequency 
in

dataset 

WA opt p 
t-test 

p
Mann-

Whitney 
U Test 

montane zone     
Plantago media-type 2/16 1 - 0,144 
Artemisia-type 13/16 0,990 0,01 -
Plantago lanceolata-type. 9/16 0,925 0,019 -
Chenopodiaceae 10/16 0,896 0,025 -
Helianthemum 3/16 0,728 - 0,441 
Brassicaceae 7/16 0,687 0,803 - 
Cichorioideae 15/16 0,528 0,637 - 
     
subalpine zone     
Saxifraga granulata- type 6/23 1 - 0,001 
Saxifraga stellaris-type 4/23 1 - 0,008 
Valeriana-type 2/23 1 - 0,082 
Rhinantus-type 5/23 0,928 - 0,036 
Geum-type 7/23 0,922 - 0,003 
Campanula/Phyteuma-type 19/23 0,842 0,014 - 
Urticace 15/23 0,841 0,025 - 
Rumex acetosella-type 9/23 0,794 - 0,015 
Lotus-type 5/23 0,772 - 0,055 
Plantago alpina-type 6/23 0,769 - 0,025 
Brassicaceae 14/23 0,739 - 0,194 
Gentianaceae 7/23 0,724 - 0,041 
Alchemilla-type 3/23 0,686 - 0,333 
Saxifraga oppositifolia-type 11/23 0,686 - 0,038 
Scrophulariaceae 13/23 0,642 0,218 - 
Trifolium-type 9/23 0,600 - 0,299 
Graminae 23/23 0,599 0,270 - 
Plantago major-type 8/23 0,569 - 0,195 
Chenopodiaceae 17/23 0,549 0,582 - 
Achillea-type 15/23 0,526 0,403 - 

�

Table IV List of pollen types having a WA opt for grazing greater than 0.5 
and their occurrence in the modern pollen datasets. Statistical significance 
(p ≤ 0.05) of pollen types in relation with the environmental variable grazing 
is reported as assessed by Student’s t-test and Test U Mann-Whitney. Pollen 
types showing a significant affinity to grazing according to the numerical 
analyses are shown in bold characters.
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zone this is the case of Brassicaceae, Chicorioideae, Helianthemum 
and Plantago media-type. Brassicaceae are overrepresented in the 
altitudinal transect but some of them (e.g. Capsella bursa-pastoris) 
are known to react positively to fertilization (Oeggl 2004), and 
therefore they can be useful as secondary pasture indicators. 
According to Davis indices of association Chichorioideae are well 
associated and are found to be important grazing indicators also in 
the Pyrenees (Mazier 2006, 2009; Ejarque2011). Helianthemum 
and Plantago media-type have low occurrence in the samples, and 
therefore they have a subordinated indicator value, since their 
occurrence could be random rather than in significant coincidence 
with grazing conditions. However, results from the French Alps 
(Court-Picon et al. 2006) report that Helianthemum is usually well 
represented in moderate grazed montane grasslands where Plantago 
media-type is a good pasture indicator because of its occurrence 
alongside paths and areas frequently walked-on. On the other hand, 
in the Pyrenees Plantago media-type has been found to be indicative 
of human impact on a regional scale (Mazier et al. 2006). 

Pollen indicators for grazing in the subalpine zones

The actual subalpine vegetation is well reflected by the 
observed pollen spectra in terms of AP/NAP proportion and 
taxa representation. Pollen spectra of open land vegetation is 
characterized by high values of Poaceae and low values of AP. 
Pine pollen is omnipresent, but its values exceed 8 % only in one 
of the open land samples (RF6), showing that its overrepresentation 
is not as extreme as in the montane pasture.

Saxifraga granulata- and stellaris types are the pollen taxa 
having the greatest WA opt (=1) and being significantly occurring 
in the pastures, showing the highest preference for pastures. S. 
oppositifolia-type also resulted to be a grazing indicator but with 
a lower WA opt. These pollen types originate from a wide variety of 
Saxifraga species: S. granulata-type locally includes S. granulata, 
S. exarata and S.moschata; Saxifraga stellaris-type includes locally 
only S.stellaris and S.oppositifolia includes S.oppositifolia, 
S.aizoides and S.panuculata. Those species have very different 
ecological requirements, e.g. wet and dry soils, springs, peatbogs, 
stony areas, grasslands and shady woods. We suggest that the very 
high WA opt values for these taxa are caused by a sampling bias and 
that the indicator value of these pollen types in terms of pasture is 
actually low. Such high values are justified by the fact that mosses 
have been mainly collected on rocks outcrops or in wet spots of 
the pastures, where the habitat of Saxifraga is situated. This is 
corroborated by observations in the French Alps, where the presence 
of Saxifraga oppositifolia-type pollen is connected with grazed 
meadows subject to temporary moisture (Court-Picon 2006).

Rhinathus-type pollen has a very high WA opt indicating a strong 
preference for grazed sites in the subalpine zone. Indeed, along the 
transect it occurs almost exclusively in the subalpine pastures. This 
pollen type includes pollen of Rhinanthus, Euphrasia and Bartsia 
(Punt 1976-2009), which are all entomophilous taxa. The pollen 
production is therefore limited and as a consequence, this pollen 
type results to be weakly associated in the study area, showing a 
tendency to underrepresentation. Although Rhinanthus, Euphrasia 
and Bartsia do not require particularly nitrogen-rich soil condition 
they are often found in pastures in the Ötztal Alps (Unterluggauer 
2003, Nagl 2009) Rhinanthus-type pollen can hence be considered 
a moderate indicator for alpine grasslands and for grazing in the 
study area. 

study area but they have not been recorded at the investigation 
sites. In addition to its resistance to grazing Artemisa is primary 
nitrophilous, especially A. absinthium (Ellenberg 1992). Our results 
clearly show that in the montane grasslands of the Vinschgau 
Artemisia-type pollen can be considered a good indicator of high 
grazing activity, especially if occurring in high percentages and 
in combination with low Poaceae percentages. In contrast to our 
results, studies from the French Alps (Court-Picon 2006) and the 
Pyrenees (Mazier et al. 2006 and 2009) consider that the pollen 
of Artemisia is an indicator of human impact on a regional scale 
because it is overrepresented. 

According to its WA opt value Plantago lanceolata-type pollen 
is the second important pasture indicator of the montane pastures, 
and it is as well one of the classical indicators for pasture land 
introduced by Behre (1981) and commonly used in the interpretation 
of fossil pollen spectra. Davis indices classify Plantago lanceolata-
type pollen as weakly associated (low A values and relatively high 
O and U values) among the altitudinal transect. This can be due 
to the fact that it has a high pollen production and it is wind-
pollinated and to the fact that it was flowering when the samples 
were collected. The vegetation relevés support the occurrence of 
Plantago lanceolata in montane pastures and therefore its value 
as pasture indicators. In studies performed in Europe applying 
Davis’ indices of association, P. lanceolata-type pollen has been 
found to have different behaviour in different regions: in fact it 
was found to be strongly associated in western Norway (Hjielle 
1997), but overrepresented in Scotland (Bunting 2003) and in the 
western Pyrenees (Mazier 2006). Due to its overrepresentation in 
the Pyrenees Mazier (2006) considers this pollen type as an indicator 
of regional human impact, while in Sweden Gaillard et al. (1992) 
obtain a result that is in agreement with ours, indicating that P. 
lanceolata is strongly associated with grazing activity. 

The third indicator for grazing activity in the montane pastures 
is Chenopodiaceae pollen. This pollen is overrepresented in the 
altitudinal transect due to the fact that it is anemophilous and a 
good pollen producer. It has been shown that generally the main 
source of Chenopodiaceae pollen type in the pollen rain comes from 
ruderal species of the family (Jochimsen 1986), and according to the 
vegetation relevés Chenopodium bonus-henricus and Chenopodium 
album are the main local source of this pollen type. According to 
Ellenberg (1992) they are nitrophytes and Oeggl (2004) reports that 
these taxa are positively influenced by the manurial value of ungulate 
dung. However, Chenopodiaceae thrive also in weed communities 
of arable land, gardens, vineyard and waste grounds. They produce 
great amounts of airborne pollen, which is overrepresented in the 
pollen rain (Jochimsen 1986). Thus, the indicator value for grazing 
of the Chenopodiaceae-type pollen is limited and must be used with 
caution, like similar studies show: Results from the south eastern 
Pyrenees (Ejarque 2011) agree that Chenopods are useful pasture 
indicators, while according to Mazier et al. (2006, 2009) in the 
Pyrenees they only indicate human activity on a regional scale. 
The same conclusion was drawn by Gaillard (1994) in Sweden, 
while Court Picon (2006) assess that in the French Alps they are 
typical of every human influenced vegetation.  

This strict statistical evaluation yielded a limited number 
of pasture indicators for the montane zone, but according to the 
significance tests (Table IV) we can classify as secondary pasture 
indicators pollen types having a high WA opt, and a high preference 
for grazed sites, but not significant distribution. In the montane 
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According to our study Geum-type pollen occurs significantly 
in the subalpine pastures. This pollen is dispersed by insects and 
locally originates from Geum montanum, G.rivale and Sibbaldia 
procumbens. Studies on actual vegetation in the Oetztaler Alps 
(Unterluggauer 2003, Nagl 2009) indicate that Geum montanum and 
Sibbaldia procumbens occur only in pastures and not in meadows, 
while G.rivale occurrs occasionally in subalpine meadow (much 
more in tall forb communities) and it is as well known to prefer wet 
habitats. This confirms our results that place Geum -type among 
the most important pasture indicators.

Our results show that Campanula/Phyteuma-type pollen is 
characteristic of subalpine pastures. Potential sources of this 
pollen type are Campanula alpina, C. barbata, C. scheuchzeri, C. 
rotundifolia, C. glomerata, C. patula, Phyteuma betonicifolium, 
P. orbiculare, P. hemisphericum, P. ovatum. Vegetation studies 
conducted by (Unterluggauer 2003, Nagl 2009) in the same study 
area support our results, proving that P. hemisphericum and C. 
barbata occur exclusively in pasture, while C. scheuchzeri and 
P. betonicifolia occur both in pasture and meadows. Campanula/
Phyteuma-pollen type can hence be considered a good indicator 
for grazing in the study area, in accordance with Oeggl (2004), 
who listed them among the pasture indicators with local but 
underrepresented occurrence in the high-altitudinal regions. 
Contrary to this, Ejarque et al. (2010) report from the Pyrenees 
that Campanulaceae can be considered characteristic for alpine 
grassland but not specifically indicative for local grazing pressure 
due to the fact that they were found to be overrepresented in the 
study area.

Urticaceae pollen are placed among the most important pasture 
indicators according to their WA opt values. In the subalpine zone 
this pollen type consists mainly of Urtica dioca pollen, although 
a regional contribution by Parietaria pollen grains coming from 
lower altitudes cannot be excluded. Despite being anemophilous 
they show an underrepresentation in the study area but they occur 
constantly and sometimes in very high values (>5%) in the pollen 
diagram (sample T43). The fact that they are highly nitrophilous 
(Ellenberg 1992) and that they respond positively to ungulate 
dung (Oeggl 2004), which obviously favours their occurrence on 
resting places of livestock and game in alpine pastures; Gaillard 
et al. (1992) confirm in their study, that they are mainly associated 
with nitrogen rich soil. Also for our study area Urticaceae seem to 
be highly related with pastures, but low values of this taxa should 
be interpreted with caution in fossil pollen diagram, because their 
pollen is airborne, mostly of extra-regional origin in high altitudes 
(Oeggl 2004). Plants may in fact be confined to small nitrogen-
rich areas as dung accumulation, from which pollen might disperse 
on a wider area. Moreover, they can thrive commonly on waste 
grounds and related ruderal communities, which have not been 
investigated in the present study.

The important pasture indicators include also pollen of the 
Rumex acetosella-type. This type embraces pollen of R. acetosella, 
R. alpestris and R. alpinus, which are all anemophilous species. R. 
alpestris occurs in nitrogen rich pasture and bushy areas, while R. 
alpinus occurs in manured pasture and on resting places of livestock. 
Both species require nitrogen-rich soil (Ellenberg 1992) and occur 
in the study area more frequently than R. acetosella, which does 
not require nitrogen rich soils and has a wider habitat, including 
low fertility soils, pasture, meadow, and generally disturbed sites. 
The presence of R. acetosella-type pollen in the subalpine zone is 

hence a good indicator of grazing activity.
Plantago alpina-type includes pollen of P. alpina and P. 

serpentina and, according to its WA opt value, shows a high preference 
for pastures. P. alpina occurs in grasslands and pastures, while P. 
serpentina occurs in pastures, stony areas and along pathways. 
Although the plants rely on wind pollination the pollen is 
underrepresented along the altitudinal transect. Studies on the recent 
vegetation (Unterluggauer 2003, Nagl 2009) comparing meadow 
and pasture formations show that Plantago serpentina often occurs 
in pastures in the Ötztal (whereas P. alpina is absent), implicating 
that Plantago alpina-type has a good indicator value for grazing in 
the Ötztal Alps. In the Pyrenees (Ejarque 2011) P.alpina resulted to 
be highly overrepresented and therefore it has a restricted value as 
pasture indicators. This dissimilar distribution pattern seems to be 
caused by the indifferent pollen representation of Plantago pollen-
types  in high-altitudinal region (Oeggl 2004).

Gentianaceae pollen has a high WA opt , indicating its preference 
for pastures, and its occurrence in pastures is significant. The genera 
Gentiana and Gentianella are included in this pollen type and are 
both insect-pollinated taxa, whose pollen is in fact underrepresented 
along the transect. This suggests that its occurrence in fossil pollen 
spectra likely indicates their local presence. Gentianaceae contain a 
bitter compound making the plants unpalatable to ruminants (Oeggl 
2004), which explains their occurrence in pastures (Unterluggauer 
2003, Nagl 2009) and supports the fact that they are useful as 
grazing indicators. 

Conclusions

The analyses of the relationship between recent vegetation and 
modern pollen rain in the Ötztal Alps created a calibration set of 
pasture indicators for the montane and subalpine zone that can 
be used to perform a more accurate interpretation of fossil pollen 
diagrams in this area. Within the statistical approach, multivariate 
analyses and Davis indices represent an objective approach to 
evaluate the relationship between modern pollen assemblages 
and the recent vegetation, while the calculation of weighting 
average optimum proved to be a valid method to identify pasture 
indicators. However, some limits regarding the reliability of the 
statistical approach have emerged. Occasionally, pollen types show 
high values as pasture indicators whereas the corresponding plants 
of origin are not favoured by grazing, e.g. Saxifraga stellaris- 
oppositifolia- and granulata-type. The results need therefore to be 
carefully scrutinized, considering the ecology of the plants and the 
sampling biases. The comparison between our results and other 
modern pollen analogues studies point to the fact that the validity of 
the results is mainly local and typical for a certain altitudinal zone. 
This demands systematically modern pollen studies in parallel to 
fossil pollen analyses, in order to produce reliable calibrations for 
vegetation and land use reconstructions, taking into consideration 
the peculiarities of every investigation area.

According to this study, main pasture indicators for the 
montane grasslands of the Ötztal Alps are pollen of Artemisia-type, 
Chenopodiaceae, Plantago lanceolata-type, and with reservations 
Brassicaceae and Chichorioideae. In the subalpine zone open land 
vegetation is characterized by high Poaceae values and the main 
pasture indicators have been proved to be Rhinanthus-type, Geum-
type, Campanula/Phyteuma-type, Rumex acetosella-type, Plantago 
alpina-type, Gentianaceae and, conditionally, Urticaceae pollen. 
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 However, when reconstructing the development of pastures 
from a fossil pollen diagram it has to be considered that plants 
representing these pollen types were apophytes in the vegetation 
characterizing former ancestral natural grasslands. The occurrence 
of these pollen types, especially if in low amounts, should hence 
be considered carefully and integrated with other proxy data, e.g. 
micro- and macro-charcoal, archaeological data and other climatic 
proxies, in order to be able to make a proper interpretation of the 
fossil pollen record and perform a correct reconstruction of the 
development of pastures.  
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APPLYING LOCAL PASTURE INDICATORS:

RECONSTRUCTING THE ONSET OF ALPINE PASTURE

1. Introduction

In September 2001 the mummified body of a Neolithic man was 
recovered from the ice on the Tisenjoch, at the watershed of the 
main Alpine ridge. The exceptional state of preservation of the 
human body and its belongings, which had remained trapped in 
ice for over 5000 years, allowed an elaborate investigation of the 
mummy itself that revealed a considerable amount of information 
about the human life-circumstances during the Copper Age in the 
Alps (Bortenschlager & Oeggl 2000, Oeggl 2009). In his disaster 
hypothesis Spindler (1993) postulated that “Ötzi”, how the mummy 
was nicknamed, had been a shepherd involved in the practice of 
transhumance across the main Alpine ridge and was hence very 
familiar with the high altitude environment where he found his 
death. This hypothesis was substantiated by pollen analyses on 
mires located close to the discovery site on the backmost Ötz 
valley (Bortenschlager 2000). According to these analyses a rise 
of pasture indicators, recorded at about 4450 cal BC, 1000 years 
before the Iceman´s life time (3320 and 3050 cal BC, Kutschera 
and Müller 2003), is reflective of the onset of grazing activity 
in the alpine grasslands of the Ötzt valley (Austria). Regrettably, 
any archaeological evidence for this assumption is so far missing.  
Anyway, traces of human occupations were found for that period in 
the Vinschgau valley, which  is proved to be the Iceman´s territory 
(Müller 2003, Oeggl et al. 2007, Festi et al. 2011) and due to the 
location of Ötzi´s discovery site on the traditional transhumance 
route across the main Alpine ridge, it was suggested that the Iceman 

was involved in an early form of seasonal Alpine transhumance 
between the valley bottoms of the Vinschgau, in the south, across the 
main Alpine ridge to the high altitude of the Ötz valley in the north. 
This kind of transalpine transhumance is still practiced nowadays 
when shepherds drive their flocks from the Vinschgau valley to the 
alpine pastures of the Ötzt valley via Similaun Glacier. 

According to this hypothesis, this study aims to scrutinize 
the possibility of early seasonal transhumance in the uplands 
of the Vinschgau by palynological analyses and archaeological 
surveys. The four investigated sites are located along the traditional 
transhumance route, which has been used by shepherds at least 
since the Middle Ages (Werner 1969) 

2. Regional setting

The Vinschgau refers to an inner Alpine valley system confining 
the Oetztal Alps (Eastern Alps) to the south (Fig. 1). It consists of 
the east-westbound main valley (Etsch valley), from which several 
tributary valleys branch off north- and southward. The area is 
surrounded to the north by the main Alpine ridge, to the south by 
the Ortles Alps and Ulten ridge and to the west by the Münstertal 
Alps. The geological substrata consist mainly in metamorphic 
rocks (orthogneiss and paragneiss) characterized by a high degree 
of tectonic deformation (Spötl 2002). The area presents a rough 
relief with valleys characterized by steep slopes that have been 
subjected to important gravitational mass movements since the 

Mid and late Holocene land-use changes in the Ötztal Alps, territory of the Neolithic Iceman 
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collapse of the Late Glacial Maxium glaciers (Agliardi 2009). The 
high mountain chains surrounding the Vinschgau act as an effective 
barrier that shields the area from the major sources of moisture 
coming from south and northwest, making it the valley with the 
lowest mean annual precipitation ( 440-530 mm/yr) in the Eastern 
Alps (Fliri 1975). This climatic situation is well reflected by the 
local vegetation. In the montane zone slopes are covered either by a 
spruce forest (Piceetum montanum) or by a downy oak-pine forest 
(Antherico liliaginis-Pinetum sylvestris), inner-alpine pine forest 
(Astragalo-Pinetum sylvestris) and steppe vegetation (Stipeto-Poion 
xerophilae, Xerobromion), superseded in the subalpine zone by a 
larch-arolla pine forest (Larici-Pinetum cembrae) and pure larch 
stands (Laricetum) (Peer 1995). 

The sites studied in this paper (Fig. 1) are all located in the 
in the northern Vinschgau and are arrayed along an altitudinal 
gradient from the montane (1000-1800 m a.s.l.) to the subalpine 
(1800 – 2500 m) zones and along traditional transhumance route 
(Werner 1969).

Lake Vernagt is situated in the high-montane region of the 
Schnals Valley at 1610 m a.s.l. (46°44’8’’ N; 10°50’10’’E ) (Fig.1). 
Originally the lake Vernagt was a small water basin, but since about 
50 years the area has been submerged under a power plant, giving 
origin to an artificial lake of 100 ha size. The lake is surrounded by 
larch-meadows (in German “Lärchenwiesen”, grazed larch stands) 
that occupy chiefly the south facing slopes of the valley, and by a 
mixed larch-arolla pine wood (Larici-Pinetum cembrae) thriving 
on the steep north facing slope.

The Schwarzboden mire (Fig.1) is located at 2150 m a.s.l. 
(46°40’29’’; N 10°45’10’’ E, ca.110 m in diameter) in the Maneid 
Valley and has a diameter of about 100 m. At the present day the 

area is used as pasture during the summer months. The current 
vegetation surrounding the bog is characterized by an open larch-
arolla pine forest (Larici-Pinetum cembrae), where shrubs such as 
Juniperus communis (juniper), Rododendron ferrugineum (Rosty 
Alpenrose), Vaccinium myrtillus (blueberry) and V. vitis-idaea 
(cowberry) commonly grow in the understory. The actual tree-
line lies at about 2200 m a.s.l. and is formed by Pinus cembra 
(arolla pine) and Larix decidua (larch).

The Lagaun (46°44’0’’ N; 10°47’6’’E, ca. 60 m of diameter) 
mire lies at 2180 m a.s.l. in the homonymous valley (Fig.1) and 
it is surrounded by an opened larch-arolla pine forest (Larici-
cembretum). The valley is partially used for pasture purposes in 
the summer time.

The Penaud mire (46°40’ 34’’ N; 10° 51’ 42’’, ca.100 m of 
diameter) (Fig.1) is located at 2330 m a.s.l. in the Penaud valley 
and it is located above the modern timber line, which lies 200 m 
below the site.  Also in this valley the main trees characterizing the 
timber line are Larix and Pinus cembra. In the area surrounding 
the mire, the valley is wide and presents a moderate relief. These 
geomorphological features favor the extensive use of the alpine 
grassland for pastures, as testified by the presence of an alpine hut 
hosting livestock during the summer time. 

2.1. Archaeological context

The location of the Vinschgau in the heart of the Central Eastern 
Alps and its geomorphology highly affected its role in the population 
dynamics across the Alps. At least since the Copper Age (see Table 
1 for archaeological chronology), the presence of many passes 
connecting this region with the northern Tyrol (Austria) and the 
Engadine (Switzerland), made of the Vinschgau one of the main 
Alpine route connecting the Po Plain and the Mediterranean area 
with the Northern Alpine region. The discovery of the Neolithic 
Alpine Iceman triggered the increment of archaeological excavations 
in the Vinschgau, especially in the subalpine and alpine zone 
disclosing past human activities at the high altitudes.The earliest 
archaeological findings in the mountain areas of the Vinschgau 
consist in flint artifacts that date back to the Middle Mesolithic, 
6700 yr BC, (Niederwanger 1999) and testify the exploration of 
the mountain territory for hunting purposes.

During the Neolithic , the lower altitudes of the Vinschgau were 
colonized by groups of humans, whose subsistence strategy was 
based on agriculture (Steiner 2007). The highest human settlement 

Figure 1 Map of the Vinschgau with location of coring sites and 
archaeological findings. Stars represent coring sites; circles represent Copper 
Age archaeological sites; squares represent Bronze Age archaeological 
sites; diamonds represent Bronze Age archaeological sites (Basic map by: 
Autonome Provinz Bozen (Südtirol) Amt für raumbezogene und statische 
Informatik)

Time periods Age cal AD/BC
Modern Time 1492-present
Late Middle Ages 1300-1492 AD
High Middle Ages 1000-1300 AD
Late Antiquity/Early Middle Ages 400-1000 AD
Roman Time 15 BC- 400 AD
Iron Age 1000-15 BC
Bronze Age 2200-1000 BC
    Late Bronze Age 1350-1000 BC
    Middle Bronze Age 1600-1350 BC
    Early Bronze Age 2200-1600 BC
Copper Age 3500-2200 BC
Neolithic 6000-3500 BC
Mesolithic 9500-5500 BC
�

Table 1 Chronological table of the archaeological periods
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for this time is Juval (ca. 1000 m a.s.l.) (Tecchiati 1995) situated at 
the mouth of the Schnals Valley. The most important archaeological 
finding for the Copper Age is surely represented by the mummy of 
the Neolithic Iceman, which was discovered in 1991 on the Tisenjoch 
(3210 m a.s.l.). Its discovery caused an increased interest for this 
area in the scientific community, leading to new investigations that 
allowed an insight in the every-day life during the Copper Age 
(Spindler 1993, Bortenschlager & Oeggl 2000, Festi et al. 2011). 
The fact that he was found at an altitude above 3000 m a.s.l. is 
an impressive evidence that humans visited the high-altitudes of 
the Ötztal Alps at that time. Settlements coeval to the Iceman are 
located in the valley floor at Latsch (Steiner 2008, Festi et al. 2011) 
and Juval (Tecchiati 1995). 

The situation changes during the Bronze Age, following 
the general trend recorded for the rest of the Alps (Uslar 1991; 
Marzatico 2009), when the population increment and the migrations 
characterizing the middle Bronze Age (1600-1350 cal BC) induced 
humans to explore the high mountain for mining, trading and pastoral 
purposes. In the frame of this study new sites have been excavated 
in the Finail Valley and Tisen Valley (Fig.1). In the Finail valley 
a typical inner alpine offering site connected with pastoralism has 
been recovered at an altitude of ca. 2400 m a.s.l. The site was in use 
from the Middle to the end of the Bronze Age (1600-1100 cal BC). 
Exciting is the occurrence of a loom together with the extraordinary 
finding of a set of 35 amber and 6 glass pearls, suggesting that 
the site was probably controlled by females involved in pasture. 
However, recent ethnographical studies from rural societies in the 
Hunza Valley (Himalaya), reveal that this very day high society 
women are in charge of pastoral economy (Ebersbach 2006). The 
site might well have been connected with a settlement located at 
the entrance of the Finail valley, where artifacts from the Bronze 
and Iron Age have been discovered. The Tisen Valley offering 
site, which has also been excavated in the frame of this study, is 
located at the mouth of the neighboring Tisen valley at an altitude 
of 2000 m a.s.l.. The site is dated to the Middle and Late Bronze 
Age, similarly to the Finail valley site. This concentration of Bronze 
Age findings in two side valleys of the Schnals valley demands 
the presence of a settlement on the valley bottoms of the Schnals, 
possibly submerged in the Lake Vernagt today. A further offering 
site is known for the Maneid Valley at 2.400 m a.s.l. situated at a 
tarn (Mahlknecht 2005; 2006) about 10 km afar. The activity at 
this site begins during the end of Bronze Age and continues till 
the Roman Time. No archaeological findings indicate a connection 
with pastoralism, but its location and the fact that the valley name 
“Maneid” derives from the Latin word “manere”, which means 
“cattle pasture”, indicates that this valley was used for pasture 
purposes at least since the Roman Time. The discovery of an Iron 
Age alpine cabin (540-390 cal BC) near the Schwarzboden mire in 
this valley, probably used for alpine farming (Putzer 2010), proves 
the occurrence of alpine grazing at that time. 

3. Material and Methods

3.1. Coring and sampling

Lake Vernagt
In the year 2001, in the frame of a geological survey performed by 
the Azienda energetica S.p.A. Bolzano, a technical coring of the 
basin of the power plant was executed, leading to the recovery of a 

30 m thick core comprising also the sediments of the former Lake 
Vernagt. For the present study we restrict the analyses to the bedding 
between 10.30 and 14.90 m below ground level, corresponding 
to the relevant time period from 3550-5500 yr cal BC. In this 4.6 
m thick sediment 63 samples were collected for pollen and LOI 
analyses according to the sediment stratigraphy.
Schwarzboden mire
In May 2009 a 110 cm long peat core was extracted from the deepest 
part of the mire at Schwarzboden by hammering a plastic tube 
with a diameter of 10 cm into the mire. 159 samples for pollen and 
LOI analyses were collected in a distance of 1 cm. For the period 
between 6750 and 4895 BP samples have been collected every 0.3 
cm continuously, in order to provide high resolution analysis.
Lagaun mire
The 164 cm long sediment core was taken in August 2009 using 
the same technique described for the Schwarzboden core. 28 
pollen and LOI samples have been collected non-contiguously 
along the core.
Penaud mire
The peat core was collected in September 2010 with the same 
method as for the Schwarzboden and Lagaun cores. From this 100 
cm long core 24 pollen and LOI samples have been analyzed.

3.2 Radiocarbon dating

In order to establish a robust chronology eleven samples from 
Schwarzboden, nine from Lagaun, seven from Lake Vernagt and 
four from Penaud were collected for radiocarbon dating (Table 2). 
Samples were measured at the Vienna Environmental Research 
Accelerator (VERA) of the Facutly of Physics, Isotope Research, 
University of Vienna (Austria), at Beta Analytic Inc. of Miami 
(USA), and at Curt-Engelhorn-Zentrum Archäometrie Gmbh 
(MAMS) Mannheim (Germany). Data were calibrated using Oxcal 
4.1 (Bronk Ramsey 2009) with atmospheric data from Intcal 09 
(Reimer et al. 2009).

3.3. LOI (Loss on ignition) 

In order to estimate organic, carbonatic and silicate content of 
the sediment loss on ignition analyses have been performed 
according to Heiri et al. (2001). The number and depth of the LOI 
samples coincides with that of the pollen samples. Sediment and 
peat samples of constant volume (1 cm3) were initially dried at 
105°C for 24 hrs, then heated for 4 hrs at 550°C to estimate the 
organic content, and consequently heated again for 2 hrs at 950°C 
for carbonate evaluation. The values (see Figs 2-5) are expressed 
in percentages on dry weight. Silicate content is deduced as the 
remaining sediment proportion. 

3.4. Pollen analyses

The volume of each sample was precisely measured and Lycopodium 
tablets were added (Stockmarr 1971) before chemical digestion 
in order to calculate pollen concentrations (pollen grains cm-3) 
and pollen influx (pollen grains cm-2 year-1). Samples have been 
subjected to acetolysis and if needed to HF 20% according to the 
standard method (Faegri and Iversen 1989). Pollen identification 
was performed my means of a light microscope at a magnification of 
400x and 600x, using the reference collection of the Botany Institute 
of the Innsbruck University, as well as standard identification 
keys (Faegri and Iversen 1989, Moore et al. 1991, Beug 2004, 
Punt 1976-2009) and pollen atlas (Reille 1995). Pollen grains, 
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microcharcoal and NPPs (non-pollen palynomorphs) were quantified 
using the application OPC (Online Pollen Counter) developed by 
the Botanical Institute of Innsbruck University. The results are 
displayed graphically in form of percentage diagrams calculated 
and plotted with the FAGUS software developed by the Botanical 
Institute of Innsbruck University. For Vernagt Lake a minimum of 
1000 pollen grains (AP and NAP) per sample were counted, while 
for Schwarzboden, Lagaun and Penaud 600 pollen per sample were 
counted when possible. Biozonation has been implemented with 
ZONE program by constrained incremental sum of squares cluster 
analysis written by Steve Juggins.

3.5. Reconstruction of grazing 

Two calibration sets of local pasture indicators (one for subalpine 
and the other for montane regions) have been defined by a modern 
pollen analogue study performed in the Oetztal Alps, (Festi et al. 
submitted). For every pollen type a preference for grazing was 
calculated and expressed in weighting average optimum (WA opt) 
values (Table 3, the highest the value, the highest the preference 
for pasture). These calculated WA opt values are used in this paper 
to reconstruct the onset and the development of pasture in the study 
area. This is achieved by multiplying the WA opt values of each 
indicator with the corresponding pollen percentage values observed 
in the fossil pollen record, finally summing up the obtained values 
for each fossil sample. In this way a value indicative for pasture 

activities was gained for each sample. For every site values are 
then transformed in z-scores (see Fig. 6) and only values greater 
than zero are generally were considered to be indicative for pasture 
activities. The use of z-scores also facilitates the comparison 
of the pasture indicators curve among the sites. The Lagaun, 
Schwarzboden and Penaud mires are located in the subalpine 
zone, hence the subalpine calibration set has been used, which 
encompasses: Campanula/Phyteuma-types, Rumex acetosella-

Lab. Code Depth 
(cm) 

Type AMS 
radiocarbon date 

BP

Cal. Yr AD/BC 
(2� range) 

Cal. Yr BP 
in diagram 

Schwarzboden      
Beta-298047 18 seeds 90±40 1938-1801 AD 80 
VERA-5391 HS 29 peat 630±40 1285-1401 AD 607 
VERA-5142 HS 66 peat 1140±30 982-808 AD 1055 
VERA-5392 HS 69 peat 1565±30 561-422 AD 1458 
VERA- 5582HS 72 peat 2510±40 794-510 BC 2602 
VERA- 5583HS 83 peat 4300±35 3012-2879 BC 4895 
VERA-5391 HS 87,2 peat 4760±35 3640-3508 BC 5524 
VERA-5143 HS 92 peat 5040±40 3953-3760 BC 5806 
VERA-5144 HS 97 peat 5520±40 4454-4326 BC 6340 
VERA-5145 HS 103 peat 5840±35 4792-4602 BC 6647 
VERA-5146 HS 110 peat 6175±40 5224-5000 BC 7062 

Lagauntal      
Beta-305796 20 peat 590±30 1298-1370 AD 616 
Beta-305797 65 peat 1840±30 85-424 AD 1786 
VERA-5255HS 91 peat� 2800±40 1051-839 BC 2895 
VERA-5256HS� 97 peat� 3060±35 1417-1257 BC 3287 
VERA-5257HS� 99 peat� 3205±35 1532-1411 BC 3422 
VERA-5258HS� 123 peat� 3255±35 1617-1447 BC 3482 
VERA-5259� 145 peat� 3555±35 1981-1771 BC 3826 
VERA-5260� 152 peat� 3890±35 2471-2285 BC 4328 
VERA-5449HS 164 peat� 5500±40 4450-4318 BC 6334 
      
Penaudtal      
Beta-305799 50 peat� 2380±30 540-392 BC 2416 
Beta-305800 80 peat� 6350±30 5382-5292 BC 7287 
MAMS-14485 90 peat� 8032±31 7065-6827 BC 8896 
VERA-5534H 100 peat� 8755±40 7960-7610 BC 9735 
      
Vernagt Lake      
VERA-5138 1050 wood Picea/Larix 2260±35 319-207 BC 2213 
VERA-5395 1138 wood indet. 2845±40 1129-903 BC 2966 
VERA-5396 1155 wood indet. 3125±35 1461-1311 BC 3336 
VERA-5397 1195 wood indet. 3995±35 2586-2486 BC 4472 
VERA-5139 1250 wood Picea/Larix 4395±35 3102-2910 BC 4956 
VERA-5140 1410 Picea cone 4480±40 3349-3081 BC 5165 
VERA- 5141 1490 wood Picea/Larix 4790±35 3650-3517 BC 5533 

Table 2 AMS radiocarbon dates from Schwarzboden, Lagauntal and Penaudtal peatbogs and Vernagt Lake. (calibrated with Oxcal 4.1 IntCal 09). BP: 
Before 1950 AD

Pollen type WA opt

montane zone  
Artemisia-type 0,990 
Plantago lanceolata-type. 0,925 
Chenopodiaceae 0,896 
Brassicaceae 0,687 
Cichorioideae 0,528 

subalpine zone  
Rhinantus-type 0,928 
Geum-type 0,922 
Campanula/Phyteuma-type 0,842 
Urticaceae 0,841 
Rumex acetosella-type 0,794 
Plantago alpina-type 0,769 
Gentianaceae 0,724 

�

Table 3 Weighting average values of pasture indicators: the highest the 
value the highest the preference for pasture (Festi et al. submitted)
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type, Gentianaceae, Plantago alpina-type, Rhinanthus-type; 
while for the Vernagt fossil record the montane calibration set has 
been applied, composed of  Artemisia-type, Plantago lanceolata-
type, Chenopodiaceae, Brassicaceae, Chichorioideae pollen. This 
method provides an indicative chronology of grazing activity at 
the different sites, which is discussed and refined according to 
further evidences such as changes in the NAP/AP proportion, 
presence of coprophilous fungi, microcharcoal input, occurrence 
of anthropogenic indicators (e.g. Plantago lanceolata-type pollen), 
and archaeological findings. This approach is suitable to detect a 
prolonged grazing pressure carried out by a significant number 
of animals, and it is not sensible to occasional grazing caused by 
few animals. The entity of such grazing is indeed comparable with 
that of wild games, hence remaining within the natural impact of 
herbivores on the vegetation.

4. Results

4.1. Vegetation dynamics inferred from pollen analyses

The Lake Vernagt (Schnals Valley) pollen record (Fig 2 and 
Table 4) starts at about 3550 yr cal BC, when the lake was surrounded 
by a montane Picea (spruce) and Pinus (probably P. sylvestris) forest, 
where Picea slightly prevailed over Pinus (pine). This situation 
lasted until 3350 yr cal BC, the onset of lpaz Ve2. From 3350 to 
2250 yr cal BC Pinus expanded accompanied by Alnus (alder). In 

this first period (3550-2650 yr cal BC) the organic content of the 
sediment is low (see LOI in Fig 2), while afterwards it increases 
greatly to remain constantly high throughout the analyzed core. 
At about 2550 yr cal BC the forest dynamic changes: Picea and 
Pinus reach an equilibrium showing similar pollen percentages, 
Alnus contracts and Larix (larch) slowly starts its local expansion. 
The pollen stratigraphy shows two hiatus: the first at about 1450 
yr cal BC, characterized by a 40 cm thick wood accumulation, 
and the second at ca. 850 yr cal BC (between 950 and 550 cal 
BC) represented by a wood-gravel layer. This material was either 
washed in from the slopes or brought by the rivulet feeding the 
lake. In both cases, these inputs implicate a kinetic energy and 
erosion rate higher than usual, probably due to a period of higher 
precipitation. If until 550 yr cal BC the vegetation around the 
lake was characterized by forest, on the contrary between 550 
and 350 cal BC (lpaz Ve 5) for the first time a marked opening of 
the forest is recorded, together with the first occurrence of pollen 
grains of cereals, Plantago lanceolata, Rumex acetosella and 
Chenopodiaceae, indicating human activity near the study site. 
During this phase Larix expands greatly, reaching values of 10% 
and becoming one of the dominant tree taxa present in the area 
around Lake Vernagt.

Figure 3 and Table 5 resume the vegetation development in the 
Lagaun high valley starting from 4350 cal BC. From 4350 to at 
least 3050 yr cal BC the valley was covered by a Pinus-Picea forest 
and the peatbog was located below the timberline. At about 2350 

Figure 2 Lake Vernagt pollen diagram, percentage values are shown. In main diagram: Δ = Picea; ● = Pinus sp.; Z = Pinus cembra; grey filled line = 
Poaceae; black continuous line indicates AP/NAP proportion. LOI graph (percentage values): dark grey represents organic matter; light grey represents 
carbonate content; white represents silicate content.



CHAPTER 4. RECONSTRUCTING THE ONSET OF ALPINE PASTURE 42

yr cal BC an abrupt change in the sediment occurred, and a sand 
layer was deposited in the peatbog. The sand probably originated 
from an overflow of the near glacier rivulet onto the mire due to 
an increase in precipitation. This is supported by the fact that at 
that time a climatic deterioration has been recorded, eg. ice-rafted 
record in the North Atlantic (Bond event 3, 2250 yr cal BC) (Bond 
et al. 1997). Within the sand layer only sporadic pollen grains have 
been found, therefore preventing the vegetation reconstruction. 
However, it can be assumed that this event affected negatively 
the local forest, since in the following period the landscape was 
more opened than it has been before. The main tree taxa forming 
the forest remain Pinus and Picea, but Larix starts its expansion 
at about 2050 cal BC. The woodland opening shows two peaks 
during 3800-1650 cal BC and at 1550 cal BC, were Pinus declines 
greatly. The openings are also reflected by an increase in Poaceae 
percentages accompanied by a rise in Asteraceae and Artemisia. 
At about 1550-1500 cal BC a further sand layer was deposited, 
followed by another one between 1250-950 yr cal BC. These two 
layers were also sterile in pollen, but in the time-span between them 
the pollen record shows that the landscape was forested by Pinus, 
Picea, Larix and Alnus. All in all, this period is marked by a great 
inorganic and micro-charcoal input, with two peaks in organic 
input at 1900 and 1250 yr cal BC. During the Iron Age, in the time-
span between 850 yr BC and 150 yr cal AD (lpaz Lt3) an extensive 
reduction of the woodland affecting Pinus is recorded. The space 
left free by the forest is occupied manly by Poaceae, Chicorioideae, 
Ligusticum mutellina and Cyperaceae. From this time onward the 
sediment is characterized by high values of organic content. After  
200 yr cal AD till present time no further opening in the vegetation 
are recorded, but since 600 yr AD (Late Antiquity/Early Middle 
Ages) Secale is constantly occurring in the pollen record.

The pollen analyses on the Schwarzboden peat core (Fig. 4 and 
Table 6) allowed the vegetation reconstruction for the Maneid Valley 
starting from ca. 5050 cal BC till the present time. Initially, the mire 
was surrounded by a conifer forest composed of Pinus (P.cembra 
and P.mugo), Picea abies and Larix decidua, and intermingled by 
deciduous woods such as Betula (birch) and Alnus. Between 4750 
and 4400 cal BC Betula and Picea expanded at the expenses of Pinus 
(lpaz Sb2) and an increased inorganic input, together with micro-
charcoal deposition, is recorded. From 4400 yr cal BC (onset of 
lpaz Sb3) till 850 cal BC the Maneid Valley was almost constantly 

covered by a Pinus, Picea and Larix forest, with the exception of 
two periods characterized by a thinning of the woodland. The first 
event occurred around 4050-3800 cal BC, and shows a reduction in 
Pinus and the consequent expansion of Betula and Alnus, suggesting 
a clearance. The fact that this phase is also characterized by an 
increased input of inorganic matter points to the fact that these 
changes in vegetation and sedimentology were triggered by a cold 
and moist climatic deterioration. The same pattern can be efficiently 
used to describe also the second clearance which took place from 
3250 to 2950 cal BC. The most significant change in vegetation 
in the Schwarzboden pollen record is certainly the clearing of the 
forests during the Iron Age, at 850 cal BC (onset of lpaz Sb5). An 
increase in fire activity and the presence of chenopods, Plantago 
lanceolata-type and cereal pollen grains indicate that the reduction 
of the pine-spruce and larch forests and the extension of the alpine 
grassland were connected to human activity, which is corroborated 
by the archaeological finding of an Iron Age alpine cabin near the 
mire (see paragraph 2.2). The woodland vegetation remained opened 
throughout the Roman Times until 400 AD, when an increase in 
Pinus is recorded. At least 3 other clearances occur between 400 
and 800 yr cal AD, in coincidence with peak of micro-charcoal. 
The constant occurrence of cereal pollen indicates human activity 
in the valley and its vicinities. At 1750 cal AD a vast decline of 
arboreal pollen implies a local clearing (onset of LPAZ Sb7), 
which lasted approximately 50 years, when Pinus cembra (and 
P.mugo) and Larix recovered and constituted a thinned forest at 
the altitude of the mire. 

The vegetation development inferred from the Penaud high 
valley pollen diagram (Fig. 5 and Table 7) starts at about 7750 
yr cal BC, when the mire was probably located slightly above 
a timberline formed by Pinus cembra and Larix. These trees 
continue to characterize the timberline till present time. In the 
time encompassed by lpaz Pd3 (6550- 3650 yr cal BC) an opening 
of the forest between 6250 and 5250 yr cal BC is recorded. This 
opening of the forest is characterized by a decrease of Pinus pollen, 
an increase in herbaceous taxa, especially Poaceae, and an expansion 
of dwarf shrubs such as Ericaceae. This event is contemporaneous 
with the 8.2 ka and 7.2 ka events known cold climatic phases (Alley 
et al. 1997; Bond 1997). In the period between 3650 and 1350 yr 
cal BC (lpaz Pd3) the subalpine forest is still characterized by 
Pinus cembra, Picea and Larix while Pinus mugo occupies the 

lpaz name depth (cm) age cal BC AP/NAP proportion 
(estimated averages) 

description 

Ve6 Larix, Picea, Pinus 1030-1060 50-350 BC AP 90%, NAP 10% Picea slightly prevails over Pinus.Larix
values are stable at 15%. 

Ve5� Picea, Pinus, 
Poaceae 

1060-1095 350-650 BC AP 70%, NAP 30% Pinus values decrease to 30%, Picea
percentage remains stable at 40%. 
Poaceae reach 20%. Cereal pollen 
occurs. 

Ve4 Pinus, Picea, Larix 1138-1155 1050-1400 BC AP 85%, NAP 15% Picea and Pinus are codominant and 
represented each by values of  40%. 
Larix reaches 10%. 

Ve3 Picea, Pinus, 
monolete spores 

1190-1200 2400-2650 BC AP 95%; NAP 5% Picea (50%) presents slightly higher 
percentages than Pinus (45%). 
Monolete spores are very abundant. 

Ve2� Pinus, Picea, Alnus 1200-1445 2650-3350 BC AP 90%, NAP 10% Pinus is represented by 60% and 
predominates over Picea (25%); Alnus
presents values of 20%. 

Ve1� Picea, Pinus 1445-1490 3350-3550 BC AP 95%, NAP 5% Picea (55%) prevails over Pinus
(35%).

�

Table 4 Local pollen assemblage zones (lpaz) of Lake Vernagt
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Figure 3 Lagaun mire pollen diagram, percentage values are shown. In main diagram: Δ = Picea; ● = Pinus sp.; Z = Pinus cembra; grey filled line = 
Poaceae; black continuous line indicates AP/NAP proportion. LOI graph (percentage values): dark grey represents organic matter; light grey represents 
carbonate content; white represents silicate content

lpaz name depth (cm) age cal BC/AD AP/NAP proportion 
(estimated averages) 

description 

Lt5 Pinus, Poaceae, Calluna, 
Artemisia 

4-30 Present-1050 AD AP 60% NAP 40% The arboreal taxa show a slight 
weakening with Pinus lowering to 
30%. Herbal taxa as the 
Cyperaceae, Artemisia and Calluna
increase. 

Lt4 Pinus, Picea, Poaceae 30-65 1050-150 AD AP 70% NAP 30% Pinus values increase reaching 
50%, while hearbal taxa decline.  

Lt3 Poaceae, Cyperaceae, 
Chichorioideae 

65-91 150AD-1000 BC AP 55% NAP45 % Pinus values remain low (25%) and 
Poaceae show constant high values 
(40%), Chicorioideae reach their 
maximum at 20%, while 
Cyperaceae show their first peak 
(30%)

Lt2 Pinus, Picea, Larix Poaceae 97-150 1050-2200 BC AP 80 % NAP20% Pinus values decrease to 35% and 
Poaceae reach values of 40%. 

Lt1 Pinus, Picea 156-164 3000-4350 BC AP 95% NAP5% Pinus has constant values of 75%. 

�

Table 5 Local pollen assemblage zones (lpaz) of the Lagaun mire
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Figure 4 Schwarzboden mire pollen diagram percentage values are shown. In main diagram:  Δ= Picea; ● = Pinus sp.; Z = Pinus cembra; grey filled line 
= Poaceae; black continuous line indicates AP/NAP proportion. LOI graph (percentage values): dark grey represents organic matter; light grey represents 
carbonate content; white represents silicate content

Figure 5 Penaud mire pollen diagram percentage values are shown. In main diagram: Δ = Picea; ● = Pinus sp.; Z = Pinus cembra; grey filled line = 
Poaceae; black continuous line indicates AP/NAP proportion. LOI graph (percentage values): dark grey represents organic matter; light grey represents 
carbonate content; white represents silicate content.
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lpaz name depth (cm) age cal BC/AD AP/NAP proportion 
(estimated averages) 

description 

Sb8 Pinus, Larix  1-15 Present- 1800 AD AP 85% NAP 15% AP percentages rise. Pinus
recovers up to values of 65% and 
Poaceae values lower down to 5-
10%.

Sb7 Poaceae 15-20 1800-1750 AD AP 25% NAP 75% The AP curve drops abruptly and 
Pinus reaches again its minima 
(16%) while the Poaceae reach 
their maximum peak at 65%. 

Sb6 Pinus  20-45 1750-1150 AD AP 60% NAP 40% Pinus increases till up to 70%. 
Human indicators as cereals and 
Plantago lanceolata are constantly 
present. 

Sb5 Pinus, Poaceae 45-73 1150 AD-850 BC AP 45% NAP55% Arboreal pollen declines greatly. 
Pinus values decrease reaching 
minimum values of 16%. 
Chichorioideae reach their 
maximum of 20%. Onset of the 
cereals curve.  

Sb4 Pinus, Picea, Larix 73-83,9  850-3050 BC AP 90% NAP 10% Pinus values remain constant 
around 65% and Picea at 25%. 
Larix percentages reach almost 10 
% in this lpaz.

Sb3 Pinus, Picea, 
Cyperaceae

83,9-97,1 3050-4400 BC AP 90% NAP 10% Pinus percentages increase up to 
60% and Betula values decrease 
significantly. Cyperaceae show 
values up to40%.  

Sb2 Betula, Pinus, Picea 97,1-103,7 4400-4750 BC AP 90% NAP 10% Pinus values decrease greatly to 
ca.45-%, while Betula reaches its 
highest peak at 30%.  

Sb1 Pinus, Betula 103,7-110 4750-5110 BC AP 95% NAP 5% Pinus dominates with ca. 65 %. 
Betula reaches 15%. 

�

lpaz name depth (cm) Age cal BC/AD AP/NAP proportion 
(estimated averages) 

description 

Pd4 Pinus, Picea, Larix Alnus, 
Poaceae 

5-55 Present-1350 BC AP 70% NAP 30% Pinus reaches its minimum value at 
25% and Poaceae reach their 
maximum with 40%. 

Pd3 Pinus, Picea, Larix 55-70 1350-4550 BC AP 85% NAP 15% Pinus values remain stable at ca. 
70% and Picea at 10%. 

Pd2 Pinus, P.cembra, Picea, 70-90 4550-6550 BC AP 80% NAP 20% Onset of Picea. Pinus decreases to 
65%.

Pd1 Pinus, P.cembra, 90-100 6550-7750 BC AP 98% NAP 2% Pinus dominates with values around 
80-85% and P.cembra with 20%. 

�

Table 6 Local pollen assemblage zones (lpaz) of the Schwarzboden mire

Table 7 Local pollen assemblages zones (lpaz) of the Penaud mire
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altitudes above the mire. The main change in vegetation occurs 
at Penaud around 1350 yr cal BC, when Poaceae, and more 
generally herbaceous taxa, expand at the expenses of Pinus mugo 
and Larix. Pinus cembra and Picea are not affected by this event. 
The opening of the forest favours also the further local expansion 
of Alnus which had started already around 2000 yr cal BC. This 
opening of the landscape encompasses the Late Bronze Age, the 
Iron Age and the beginning of the Roman Times. Between 150-
850 yr cal AD (end of Roman Times-Early Middle Ages) Pinus 
(P. mugo) recovers and Larix expands. During the High and Late 
Middle Ages the alpine grassland experiences a second phase of 
expansion while the arboreal pollen decline followed by a partial 
recovery of Pinus mugo.

4.2. Pasture reconstruction

The reconstruction of the pastures development in the montane 
zone of the investigation area (Fig. 6) relies on the Schnals Valley 
pollen record of Lake Vernagt, which encompasses the period from 
the Copper Age to the end of the Iron Age, between 3550 and 50 yr 
cal BC. A first positive reaction of the pasture indicators is observed 
at 3350-3050 yr cal BC. However this increase is inconsiderable 
and occurs during a climatic deterioration between 3550-3050 yr 
cal BC dedicated in the Alps to the Rotmoos and Piora II fluctuation 
(Hormes et al. 2001). The first peak in pasture indicators occurs 
at Lake Vernagt during the Late Bronze Age, at 1350- 1150yr cal 
BC. This increase is accompanied by the decrease of both climax 
trees Pinus and Picea, and the expansion of Poaceae, suggesting 
an opening of the forest. Moreover, the expansion of Larix was 
possibly favored by grazing activity. The palynological indication 
of pasture at that time is validated by archaeological evidences 
discovered in the higher altitude near the lake. The burnt offering 
sites in the Finail valley (1600-1100 yr cal BC) and in the Tisen 

Valley (1600-1100 yr cal BC) suggest that during the Middle and 
Late Bronze Age this area has been used for pasture. It is finally 
during the Iron Age, strictly speaking in the period from 550 to 
150 yr cal BC that a local clearance occurs, as reflected by decline 
of Picea and Pinus pollen, increase of Poaceae and herbal taxa, 
including pasture indicators (Fig. 6). Moreover, at the same time 
the first cereal pollen grains are recorded. However, no coeval 
archaeological sites have been unearthed around the lake. This 
lack of archaeological evidence can be explained by the fact that 
the area surrounding the former water basin has been inundated 
to build the power plant.

The fossil pollen record of Maneid Valley (Schwarzboden mire), 
Lagaun and Penaund valleys give a picture of the development of 
pasture in the subalpine zone of the Ötztal Mountains.

In the Lagaun high valley the curve of pasture indicators includes 
Plantago alpina-type, Rumex acetosella-type and Campanulaceae 
(Phyteuma- and Campanula- types); other pollen types used as 
pasture indicators for the subalpine zone (Table 3) do not occur 
in this pollen record. In the Lagaun diagram the first low increase 
occurred between 3800 and 3550 yr cal BC (Fig 6); however, it is 
very low and represented uniquely by Campanula. Given that no 
other evidences of human impact (coprofile fungi, micro-charcoal, 
archaeological findings) are documented for that time, it suggests 
that this first occurrence rests within the intercept probability of 
natural conditions. During the Early and Middle Bronze Age, at 
2050 and 1750-1550 yr cal BC, two peaks in pasture indicators 
are recorded. Both increases consist in Campanula pollen and 
Rumex acetosella-type pollen. The Early Bronze Age peak (2050 
yr cal BC) is not very much supported by other evidences, only 
by a low decrease in arboreal pollen and the very low occurrence 
of anthropogenic indicators such as Artemisia, Chenopodiaceae 
and Ligusticum mutellina-type pollen. Better evidences support 
the Middle Bronze Age peak of pasture indicators (1750-1550 

Figure 6 Reconstruction of pastures. Z-scores of the pasture indicators are presented for each site. Grey areas are potential pasture phases.
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yr cal BC), as it is contemporary with the occurrence of the 
coprohilous fungi Sordariaceae and Sporormiella, a high input of 
micro-charcoal,  an expansion of Poaceae and a great decrease of 
the climax trees indicating local clearings. A long lasting increase 
in the pasture indicators starts at about 450 yr cal AD, during the 
Late Antiquity/Early Middle Ages, and lasts till modern time. This 
phase is accompanied by the occurrence of micro-charcoal particles 
and coprophilous fungi.

In the Maneid valley (Schwarzboden mire) the pasture 
indicators curve includes Campanulaceae (Phyteuma- and 
Campanula- types), Gentianaceae, Geum-type, Rhinanthus-type, 
Plantago alpina–type and Rumex acetosella-type. The fact that 
all subalpine pasture indicators characteristic of the study area 
(Festi et al. submitted) are present indicates the good reliability 
of the pasture reconstruction. The curve of pasture indicators (Fig 
6) shows very low increases in the period preceding 550 yr cal 
BC. The increases recorded at 4800-4550 yr cal BC and at 1850 
yr cal BC are minimal and punctiform. In addition, they are not 
supported by other evidences, e.g. spores of coprofile fungi, micro-
charcoal particles and archaeological findings. For these reasons 
they are not representative for pasture. The onset of the local pasture 
activities is hence set during the Iron Age, in coincidence with the 
expansion of grasses, first great increase in pasture indicators and 
the decrease of arboreal pollen. At the same time the occurrence of 
micro-charcoal, Plantago lanceolata-type and cereal pollen give 
further palynological evidence of human activities in this altitude, 
which is finally confirmed by the archaeological discovery of an 
Iron Age alpine cabin (450 yr cal BC) in the vicinity of the mire. 
This first phase of pasture activities encompasses the Iron Age and 
ending with the beginning of the early Middle Ages. The second 
phase of pasture expansion takes place during the High and the 
Late Middle Ages, from 950 to 1450 yr cal AD. This period is 
characterized as well by the occurrence of coprophilous fungi’s 
spores, anthropogenic indicators such as Plantago lanceolata, 
Chenopodiaceae, Artemisia, cereal pollen grains and micro-
charcoal particles. A final peak in pasture indicators is recorded 
between 1700 and 1870 yr cal AD.

In the Penaud Valley the pasture indicators curve includes 
Plantago alpina-type, Gentiancaceae, Rumex acetosella-type and 
Campanulaceae. The first rise in pasture indicators associated 
with a decrease of Pinus and an expansion of Gramineae (already 
starting at 1350 yr cal BC) occurs during the Late Bronze Age, 
at about 1150 yr cal BC and lasts till the beginning of the High 
Middle Ages (ca.1050 yr cal AD). This period is followed by a 
second phase of pasture activity, which starts at the end of the 
High Middle Ages at about 1200 yr cal AD, and lasts till the end 
of the Late Middle Ages at about 1450 yr cal AD. Both phases 
are characterized by the concomitant occurrence of coprophilous 
fungi (Sordariaceae and Sporormiella) indicating local grazing, 
micro-charcoal particles, as well as by anthropogenic indicators 
e.g. Artemisia, Chenopodiaceae, Plantago lanceolata -type and 
cereal pollen grains indicating human activities.

5. Discussion

The Neolithic and Copper Age (6000-2200 cal BC)

The increases in pasture indicators during the Neolithic and the 

Copper Age are very weak and punctiform, not supported by other 
proxy data and moreover in coincidence with climate deteriorations. 
The increase dated 3800-3550 yr cal BC in the Lagaun high valley 
consists merely in Campanula pollen and it is not confirmed by any 
palaeoecological or archaeological evidence, hence remaining in the 
range of natural variations of this pollen. The low peaks recorded 
in the Vernagt record at 3550-3050 yr cal BC occur in coincidence 
with the Rotmoos and Piora II climate fluctuation (Hormes et al. 
2001).  No unambiguous palynological evidence points to a human 
impact in the high altitudes of the Ötztal mountains during the 
Neolithic and the Copper Age. The only evidence testifying human 
interest for the high mountains in the study area is the archaeological 
finding of the Neolithic Iceman mummy (3320-3050 cal BC). The 
fact that the Iceman walked through the Schnals Valley and the 
Tisen Valley on his way up to the Similaun glacier (Oeggl et al. 
2007) obviously proves that the high altitudes of the Vinschgau 
were frequented by humans since the Copper Age. However, the 
reason of his visit cannot be determined.

During the Late Neolithic and the Copper Age the Vinschgau 
valley floor was sparsely populated (Steiner 2007), and was occupied 
by groups of farmers that based their subsistence on the cultivation of 
cereals (Hordeum, Triticum monococcum, T.dicoccum) and legumes 
(Pisum sativum) and on the breeding of caprines (Festi el al. 2011). 
The fact that during this period the highest settlement traces are 
located at 1000 m a.s.l. at Juval (Tecchiati 1995) suggests that the 
agricultural output of the valley floor was sufficient to sustain the 
local farmers groups. Hence, there was no need for extra agricultural 
land that could have forced Neolithic and Copper Age farmers to 
expand to the higher altitudes. 

Bronze Age (2200-1000 cal BC)

Palynological and archaeological evidences of the expansion of 
human activities to the high altitudes of the Ötztal Mountains arise 
with the Middle Bronze Age (1600 cal BC). This change in the  
humans/territory dynamics is well reflected in the pollen profiles 
of the Lake Vernagt, and of the Lagaun and Penaud high valleys. 
According to the pasture indicators occurrence in the lake Vernagt 
pollen record, in the Schnals valley pastures developed at least 
since ca. 1400 yr cal BC (end of the Middle Bronze Age). This is 
supported by the Middle to Late Bronze Age offering sites (1600-
1100 cal BC) connected with pastoral practices in the lateral high 
valleys of Finail and Tisen. The sediment record of Lake Vernagt 
shows a hiatus ending at ca. 1450 yr cal BC, hence encompassing 
the widespread wet and cold phase recorded between 1650 and 
1450  yr cal BC by various proxies, e.g. high lake level stand in 
northern and central Italy, as well as north of the Alps (Magny et al. 
2009a), glacier advance in the Swiss Alps (Hormes et al. 2001), and 
also to a peak in the 14C atmospheric content (Stuiver et al. 1998) 
and Greenland 10Be record (Bond et al.1997), suggesting that the 
cold phase was triggered by a decrease in solar activity. Estimates 
of precipitation and temperature for Western Europe also show an 
increase in rainfall (by 70-100 mm) and a decrease of about 0.7°C 
in mean annual temperature for this period (Magny et al. 2009b). 
This climatic deterioration widely explains the occurrence of a 
gravel layer at that time. The effect of this cold phase on vegetation 
cannot be detected because of the pollen hiatus; however, it can 
be assumed that it caused a thinning of the forest and possibly 
a lowering of the timberline. These conditions perhaps favored 
the onset of pasture activities near the lake and in the Tisen and 
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Finail high valleys. The presence of the Bronze Age offering 
sites in the Finail and Tisen high valleys (Middle to Late Bronze 
Age, 1600-1100 cal BC) supports the palynological evidence of 
pasture and further demands the presence of a settlement around 
the Lake Vernagt. Human activities by the lake likely favored the 
establishment of Larix, whose expansion started around 2500 
cal BC. Larch is still nowadays one of the dominant trees in the 
Schnals Valley, where it forms grazed pure larch stands, locally 
called with the German word “Lärchenwiese” (larch meadows 
in English). This kind of vegetation still characterizes the valley 
and its persistence highly depends on the impact of grazing and, 
in more recent times, of mowing, that favor the maintenance of 
Larix. However, it is hard to establish when this formation first 
originated in the area, since Larix pollen is a good indicator of the 
local presence of the plant but it is overwhelm by pollen of the 
other conifers, which typically show overrepresentation. In the 
near Engadine (Switzerland) different studies date the onset of the 
Larix expansion at different stages of the Bronze Age: according to 
Punchakunnel (1983) and Zoller and Bombacher (1984) this event 
takes place at the end of the Late Bronze Age, while according 
to Zoller (1998) this the increment occurred during the Middle 
Bronze Age. Studies performed in the same area by Gobet et al. 
(2003) show that the onset of the expansion occurs as early as the 
beginning of the Early Bronze Age. All authors mentioned above 
consider the expansion of Larix as indicative for the formation of 
the larch meadows, and assess that their development was caused 
by human interference, namely forest grazing. According to our 
data we can suppose that in the Ötztal Mountains this event took 
place during the Middle Bronze Age.

In the Lagaun high valley first signs of grazing activity are 
also dated back to the Middle Bronze Age, between 1750 and 
1550 yr cal BC, when the occurrence of pasture indicators is 
accompanied by the presence of coprophilous fungi and micro-
charcoal deposition. Although no archaeological evidence is yet 
known, the valley is easily accessible from the Schnals valley, 
making likely a connection with the Vernagt people. The Lagaun 
sediment record includes a sand layer dated around 1500-1450 yr 
cal BC which is coeval to the gravel deposition at Lake Vernagt 
around 1400 yr cal BC, indicating the occurrence of a cold and 
rainy climatic phase. 

Also in the Penaud high valley first sings of human impact are 
recorded in the Middle Bronze Age, when a clearing of the Pinus 
mugo shrubs occurred. This clearance is consequently followed 
by the increase in pasture indicators since the beginning of the 
Late Bronze Age (Fig. 6). The palynological evidence of pasture 
indicators is here supported by the occurrence of the coprophilous 
fungi Sordariaceae and Sporormiella, and an increase in micro-
charcoal particles. In the Penaud high valley no archaeological site 
is known, but the valley is easily accessible from the Schnals valley 
floor and was probably visited by people coming up from here. The 
pollen diagram of Penaud shows that at the timberline the human 
impact consisted mainly in the clearances of the Pinus mugo shrub 
community and the development of pasture communities. 

The fact that the onset of human activities in the higher altitude 
of the Ötztal Mountains coincides with the Bronze Age, and more 
precisely the Middle Bronze Age, is well linked to the demographic 
situation in the Vinschgau valley floor. The Middle Bronze Age 
is there characterized by a significant demographic growth that 
required the establishment of several new settlements (Stenier 

2007). This rise in population resulted in the need of enhancing 
the food production, extending the cultivated areas and increasing 
animal breeding. This was possible thanks to the technological 
improvements of bronze tools, such as efficient ox-pulled ard plows 
(Jacomet 2009). As the valley floor was used for agriculture (Steiner 
2007; Schmidl and Oeggl 2005) whereas the higher altitudes were 
dedicated to livestock farming.

Iron Age (1000-15 cal BC)

In the Vernagt and Lagaun sediment record the Iron Age starts 
with the deposition of a gravel layer dated at about 850 yr cal BC 
(between 950 and 550 cal BC) in Vernagt and a sand layer dated 
at about 950 yr cal BC in Lagaun. In this period several proxies 
indicate a cold and wet climatic deterioration: at 650 cal BC a 
high lake level stand is registered in northern Italy at Lago di 
Ledro (Magny et al 2009a), in the mid-European lake level record 
a high stand is registered at 800-400 yr cal BC (Magny 2004) and 
in the dendrochonological record of the Ötztal Alps (Nicolussi et 
al. 2005). Further indication of a climatic deterioration on a wider 
geographical scale are the ice-rafted debris event (Bond 2 event) 
recorded in the North Atlantic at 850 yr cal BC (Bond et al. 1997) 
and the peak in 14C atmospheric content indicates a decrease in 
solar activity (Stuiver et al. 1998). After this cold and rainy event 
characterizing the onset of the Iron Age, in the Schnals Valley a 
clearing of the forest and a significant increase of pasture indicators 
occur. Cereal pollen grains and anthropogenic indicators are also 
recorded, testifying and intensification of human activities. Pollen 
diagrams from higher altitudes (Maneid and Lagaun valleys) show 
a great decrease of pollen of Pinus mugo and expansion of Poaceae 
and other herbaceous taxa, with the occurrence of anthropogenic 
indicators e.g. Chenopodiaceae, Plantago lanceolata-type pollen, 
which indicate human disturbaces. The clearance is in the Maneid 
valley contemporaneous with the increase of microcharcoal, and 
immediately followed by a peak in pasture indicators. This peak 
sets the development of local pastures at 550 yr cal BC, in good 
agreement with the recovery of to the Iron Age alpine cabin near 
the mire. Also in this case, as already seen for the development 
of pastures in Vernagt during Middle Bronze Age, the climatic 
deterioration might have played a role in the expansion of the 
pastures by opening the woodland. However, this situation was 
then maintained and enhanced by humans, who benefited of the 
technological improvements in the farming practices that were 
developed during the Iron Age. These progresses enabled the further 
expansion and efficiency of agriculture in the lowlands and shoved 
animal breeding and related practices to the uplands. This enhanced 
human activity in the mountain (in terms of transhumance, alpine 
summer farming and hay making practices) reshaped the landscape 
of the higher altitudes.

Roman Time and Middle Ages (15 cal BC-1492 cal AD)

In the Maneid high valley a pasture extension occurs during the 
Roman Times (15 BC-400 AD). The fact that the name of the valley 
originates from the Latin word for pasture, “manere”, gives historical 
evidence that this valley was grazed during the Roman Times. For 
a short time-span during the Early Middle Ages (400-1000 yr cal 
BC) a decrease in pasture indicators is recorded. However strong 
evidence indicating human impact are clearly present, as a high 
microcharcoal input, occurrence of coprophilous fungi Sporormiella 
and Sordariaceae and anthopogenic pollen indicators such as cereals 
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and Plantago lanceolata-type. During the High Middle Ages and 
the modern time pasture indicators also suggest the occurrence of 
grazing activity. The Lagaun high valley pastures extend throughout 
the Middle Ages as shown by the pasture indicator curve and the 
simultaneous occurrence of coprophilous fungi and the increase 
of micro-charcoal. In the Penaud high valley pasture activity is 
recorded throughout the Roman Times and Middle Ages and it and 
it is supported by the occurrence of coprophilous fungi indicating 
grazing.

6. Conclusions

The multi-proxy study performed in the Ötztal Mountains provides 
palynological and archaeological evidence of land use development 
from the Neolithic till Modern time. According to our results the 
onset of alpine pastures occurred during the Middle Bronze Age 
(1600-1350 yr cal BC). In the montane region first indication of 
human impact, also in terms of grazing and pasture development, 
is documented in the pollen record of the Schnals valley since 1400 
cal BC. The presence of Middle-Late Bronze Age offering sites 
connected with pastoralism in the near Finail and Tisen high valleys 
further supports the palynological evidence, also suggesting the 
presence of a settlement in the Schnals valley. Pollen record from 
the higher altitudinal sites of the Lagaun and Penaud high valleys 
also indicate first alpine pasturing during the Middle and the Late 
Bronze Age. Intensification of pasture activities are recorded during 
the Iron Age both in the montane region and at higher altitudes, 
where pollen record is well supported by the recovery of an Iron 
Age alpine hut. Further intensification of pasture activity is recorded 
during the Middle Ages in all high valley pollen records.

The fact that pollen analyses are not suitable to detect grazing 
pressure caused by small numbers of animal implies that what is 
detected since the Middle Bronze Age is a prolonged and repeated 
grazing impact caused by numerous herds. This implies that if 
occasional grazing by small herds occurred during the Neolithic 
and Copper Age it is not discernible in the pollen record. The 
absence of significant grazing activity in the high altitudes of the 
Vinschgau during the Neolithic and the Copper Age hence refutes 
the hypothesis that Neolithic vertical transhumance involving great 
numbers of animals took place, implying that that the Alpine Iceman 
was not involved in such practice. 
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4.2. Regional context across the main Alpine ridge: 
Trentino-South Tyrol and North Tyrol

4.2.1. Archaeological evidences of pastoral economy in the 
high altitudes

The Vinschgau is a complex of valleys that played an important 
role as transalpine route since prehistory. In reporting the regional 
development of the transhumance and alpine summer farming 
practices on a regional level it is therefore appropriate to include not 
only the Italian Trentino-South Tyrol region, where the Vinschgau is 
located, but also the Austrian region of Northern Tyrol (Fig. 1).

Archaeological data from Trentino-South Tyrol indicate that 
in the region the first high altitude sites connected with pastoral 
economy are dated to the Bronze Age (Marzatico 2007). The 
artifacts mostly consists in ceramic fragments, silex artifacts 
(flint scythes), and only occasionally remains of constructions and 
fireplaces. At no sites has been found evidence of cheese making, 
and it is hence assumed that the Bronze Age practice was mainly 
centered on livestock raising rather than on alpine summer farming 
(Almwirtschaft in German). Gleirscher (1985) assesses that such a 
practice could have had a significant impact on the vegetation and 
landscape only in the late Iron Age, with the invention of iron scythe 
that allowed an effective hay making. Moreover it is in the Iron Age 
that collars and bells started to be used. During the Roman Time the 
exploitation of alpine pasture for grazing is, in fact, confirmed by 
archaeological findings of bells for domestic animals and epigraphs 
recovered at altitudes greater of 2000 m a.s.l.. Moreover, toponymy 
studies carried out by Orsi (1985) in Trentino, point to the Latin 
origin of some alpine pastures areas, hence proving their use for 
grazing at least since the Roman Time. Such cases are present also 
in South Tyrol, as for the Maneid Valley (investigated in the frame 
of the present work), the name of which originates from the Latin 
word “manere”, which means “pasture”.

Hence archaeological results obtained in the present study fit in 
the general regional pattern. The Bronze Age high altitudes offering 
sites of the Finail and Tisen Valley are connected with pastoral 
economy and testify the use of alpine grassland for grazing during 
the Bronze Age. The Iron Age alpine hut unearthed in the Maneid 
valley proves that the occupation of the mountains became more 
stable with the time.

In analogy to what is known for the Italian Trentino-South Tyrol, 
archaeological data from the Austrian Tyrol show no evidence of 
pastoral practices before the Bronze Age (Gleischer 1985). The 
earliest evidence of seasonal use of the higher altitudes for pasture 
purposes are dated to the Late Bronze Age at the Kelchalm (at 
about 1700 m a.s.l.) near Kitzbühel (Amschler 1954). However, 
in this case the occupation is clearly linked with mining activity. 
Archaeological evidences for the Iron Age and the Roman Time are 
present (Grass 1980) and it is also evident in the local toponymy, 
indicating the pre-romanic and romanic origin of many alpine areas 
used for grazing. The German word “Alm”, which means alpine 
pasture (included in Almwirtschaft, literally meaning alpine pasture 
economy) is indeed most probably of Celtic origin Grass (1980) 

4.2.2. Palynological evidences for pastoral economy in the 
high altitudes

Palynological studies performed in Trentino-South Tyrol on the 
middle and high altitudes (above 1000 m a.s.l.) detect the earliest 

significant human impact during the Bronze Age (Filippi et al 2005, 
Filippi et al 2005a; Kofler and Oeggl 2010; Kofler 1995; Stumböck 
1999). This is the case of the lake Lavarone (1115 m a.s.l.), where 
the onset of human impact is detectable starting with the Bronze 
Age, in terms of deforestation and occurrence of anthropogenic 
indicators (Plantago lanceolata, Cerealia, Cannabis) (Filippi et al. 
2005a). The palynological evidence of a settlement is confirmed 
by dendrochronologically dated fossil logs of a Middle Bronze 
Age pile dwelling site in the lake (Bagolini et al. 1976). Pollen 
analyses carried out by Kofler (1995) at Lago delle Buse (2026 m 
a.s.l.) in the Lagorai Mountains indicate that first anthropogenic 
indicators are dated 1500 yr cal BC (Middle Bronze Age). In the 
Ulten Valley at 1718 m a.s.l. the human impact is recognizable 
in the pollen diagram of the Totenmoos since the Late Bronze 
Age (1350 cal BC) (Kofler and Oeggl 2010) in the opening of 
forest and forest grazing, which favored the expansion of larch. 
In the Lake Cornisello (2233 m a.s.l.) in the Presanella Mountains 
the first sporadic indicators of regional human impact (Rumex, 
Cerelia, Plantago lanceoloata, Plantago media and Urtica) are 
recorded at 2050 cal BC (Early Bronze Age), but it is only during 
the Middle Ages that the forest was reduced to gain space for 
alpine pasture (Filippi et al. 2005). Results from the Upper Schnals 
valley (Marchegg-Hangmoor, 1897 m a.s.l.; Lazaunmoos, 2400 
m, Kurzmoos 1820 m) also show that consistent human impact 
is evident starting from the Bronze Age (Stumböck 1999). This 
pattern is well in agreement with the archaeological data available 
for the region (Steiner 2007, 2010).

On the contrary, at Langtalereck in the backmost Ötz valley 
Bortenschlager (2000) claims that the alpine grasslands have been 
used for summer farming since the Neolithic in the Ötz valley, 
at least since ca. 4450 yr cal BC. He suggests as well that the 
coeval Rotmoos I climatic deterioration on one hand restricted 
the opportunities for grazing, while on the other hand triggered 
the need for additional pastures, leading to an intensification 
of the grazing activity. However, this is not supported by any 
archaeological evidence. Moreover, other pollen analyses carried 
out in North Tyrol, e.g. pollen diagram Alpenrose in the Ziller Alps 
and Moor bei der Dortmunder Hütte in Kühtai (Stubai Alps), could 
detect the development of alpine pasture at 1875 m of altitudes only 
starting from the Iron Age or during the Roman Time (Hüttemann 
and Bortenschlager 1987). 

From the regional overview of palynological and archaeological 
studies of the Trentino, South and North Tyrol, a clear regional 
pattern emerges. Distinct evidence of land use in terms of grazing 
and occupation of the high altitudes is present since the Bronze Age. 
Palaeoecological and archaeological results obtained in the present 
study for the Vinschgau (see paragraph 4.1) are in accordance with 
the general regional trend, setting the beginning of transhumance and 
alpine summer farming in the Bronze Age. However, micro-regional 
differences are evident and probably depend on the morphological 
features and difficulty of access of the alpine grassmats from the 
valley floor. Remote sites, with unfavourable characteristics for 
pasture activities have been exploited later than those presenting 
ideal features. 

The palynological study performed by Bortenschlager (2000) 
in the backmost Ötz valley appears to be the only exception to 
this regional scheme, reporting the presence of grazing at 4450 
cal BC.
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4.3. European context

Alpine summer farming is known to be the major human factor 
shaping the European mountain landscape, causing the lowering of 
the timber-line and promoting the expansion of the alpine grasslands. 
Hereby follows an overview of palaeoecological and archaeological 
studies performed on high-altitudinal sites dealing with the onset 
of pasture economy in prehistory. The reported sites are spread 
across Europe, including Greece, Serbia, Bosnia, Bulgaria, Romania, 
Austria, Italy, Switzerland, France and Andorra, and encompass the 
Balkans, Carpathians, Alps and Pyrenees mountain chains. Sites 
are ordered according to their country of location; a fairly east-
west order has been followed among and within countries. Sites 
location is reported in Figure 1 while a synthesis of the results is 
presented in Figure 2.

In Greece archaeobotanical investigations by Valamonti (2007) 
report the possible occurrence of herding movement in northern 
Greece from the valley to higher altitudes in the Middle Neolithic 
site of Apsalos ( ca. 6000-5500 yr cal BC) and the Late Neolithic 
site of Makriyalos (ca. 5500-4500 yr cal BC). This hypothesis is 
weakly supported by pollen analyses from the uplands showing 
a reduction in diversity of tree taxa at 5000 yr cal BC, suggesting 
human interference due to pastoral activity (Willis 1994). However, 
no archaeological evidence in the higher altitudes is reported by 
Valamonti (2007). 

In Bulgaria the earliest palynological evidence of livestock 
grazing at high altitude comes from the Rila Mountains at the Lakes 
Ostrezki (2320 and 2340 m a.s.l.), where grazing, lowering of the 
timberline and forest clearances are detected since 1820 yr cal BC 
(Tonkov and Marinova 2005). Further pollen studies performed in 
the same region at Lake Trilistnika (2216 m a.s.l.) (Tonkov et al. 
2008) and Lake Sedmo Rilsko (2095 m a.s.l.) (Bozilova and Tonkov 
2000) report a later onset of human impact, starting respectively at 

750 and 450 yr cal BC. This is also the case in the Pirin Mountains 
at Lake Ribno Banderishko (2190 m a.s.l.), where traces of human 
impact are dated to 250 cal BC (Tonkov et al. 2002). In the western 
Rhodopes Mountains (Southern Bulgaria) pollen investigations in 
the peat bog Beliya Kanton (1547 m a.s.l.) indicate the beginning 
of human activities even later, at 750 yr cal AD, when tree felling 
and woods clearance were practiced in order to gain place for 
pastures (Lazarova et al. 2011). 

In the central Balkans (Serbia, eastern Bosnia, northwestern 
Bulgaria and southwestern Romania) Arnold and Greenfield (2006) 
investigated the occurrence of transhumance by zooarchaeological 
analyses on animal teeth of Ovis/Capra, Bos taurus and Sus scrofa 
on eleven sites spread across the region. Investigations analyzed 
tooth eruption and wear, as well as cementum, thereby determining 
age and season of death and spatial patterns of exploitation between 
lowland and highland sites. Results indicate that transhumance is 
definitely practiced in the area since the beginning of the Early 
Bronze Age (2500 cal BC). 

In the eastern Carpathians (Romania) at Poiana Știol (1540 m 
a.s.l.) human impact in terms of forest grazing activity and clearance 
has been recorded at 1250 cal BC (Tanţău et al. 2011).

In Austria, in addition to the Tyrolean sites already discussed in 
the regional context, alpine pasturing is recorded in the Early and 
Middle Bronze Age (at about 1700 yr cal BC) near Hallstatt (Mandl 
2008). Pasture economy is here closely related with salt mining 
activity and it is believed to be also in connection with the warm 
early and middle Bronze Age climate. Mandl (2008) argues that 
a climatic deterioration culminating at 1100 yr cal BC caused the 
end of this pasturing phase that never recovered. Similarly, pollen 
analyses in the Niedere Tauren (Oberer Landschitzsee, 2067 m a.s.l.; 
Austria) (Schmidt 2008) infer four phases of intense land use of 
the area starting with the Early-Middle Bronze Age (ca.1800-1300 
BC). The following phases occur from the Late Bronze to Early 

Figure 2 European sites reporting evidences of pastoral economy in the high altitudes. In darkest grey: sites with archaeological and archarobotanical/
archaeozoological evidence. In grey: sites with archaeological evidence only. In light grey: sites with archaeobotanical evidence only. (Citation in 
text)
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Iron Age, from the Late Iron Age (Celtic) to the Roman Times and 
during the high to the late Medieval Times. These phases show a 
close link to warm climatic conditions (Schmidt 2008).

In Italy there are few palynological studies focused on the use 
of alpine grasslands in addition to those described in the previous 
paragraph. In the Italian Alps Moe et al. (2007) suggests that the 
occurrence of early Neolithic transhumance (since ca. 4050 cal 
BC) in Val Febbraro (1830-2304 m a.s.l.) should not be excluded. 
The author suggests that the reduction in findings of Pinus cembra 
needles might be due to grazing activity at the timberline. However, 
no coeval archaeological sites were recovered. Clear human 
disturbance in Val Febbraro with occurrence of grazing activity and 
associated with forest clearances, is dated to the Bronze Age (Moe 
et al. 2007; Moe and Hjelle 1999). In Pian di Gembro (Valtellina; 
1350 m a.s.l.) (Pini 2002) the first development of pastures occurs 
during the Middle Neolithic (ca. 3950-3550 cal BC) and is indicated 
by the presence of pollen types of Rumex acetosa, R.acetosella and 
Ranunculus acris. Also in this case any archaeological evidence 
of human occupation is missing. Local human impact in Pian di 
Gembro is more evident in the beginning of the Bronze Age at ca. 
2150 yr cal BC, when local forest clearances take place and Larch 
meadows develop. Pollen analyses performed by Gehrig (1997) 
in the Camonica valley, indicate that human impact began in the 
high altitudes during the Bronze Age, namely at 2091yr cal BC in 
Col di Val Bighera (2087 m a.s.l.) and at 1205yr cal BC at Passo 
Tonale (1887 m a.s.l.). Howerev, the author argues that, according 
to the sedimentation rate recorded in the mire, the radiocarbon date 
at Col di Val Bighera is too old.

Small scale transhumance has been hypothesized for the Copper 
and Bronze Age cave site of Tana del Barletta (3000 yr cal BC), 
located in the Liguria region at slightly below 1000 m a.s.l. (Maggi 
and Nisbet 1990). This assumption is based on the recovery of 
animal bones in the cave, showing an increase of cattle bones 
for that period. According to the authors this could mean that the 
near pastures were highly exploited. The recovery of human bones 
belonging to people of all ages and sexes indicate that this middle 
mountain sites in Liguria were settled for a significant period of 
time and attests that transhumance was carried out most likely by 
a whole family, not by individual specialized shepherds (Maggi 
and Nisbet 1990). On the contrary Barker (1994) argues that in 
the Biferno Valley (Molise) the main goal of Neolithic husbandry 
is meat production and that herding was practiced merely close 
to the valley settlement, while the mid-mountain altitudes were 
occasionally used for hunting and higher altitudes were not exploited 
at all. Branch (2004) in the pollen analyses from Lake Rovegno 
(812 m), Lake Riane (1279 m), Lake Rotondo (1331 m) Lake 
Logastro (1326 m) set the beginning of transhumance during the 
late Neolithic, supporting the archaeological findings of Liguria. 
However, these lakes are located at about 150 km north-east of 
Tana del Barletta. Finally, although the Ligurian sites studied by 
Maggi and Nisbet (1990) and Branch (2004) are located in the 
montane zone or even below it, and not in the high altitudes as 
the other sites hereby cited, they are relevant investigations to the 
problematic of prehistoric vertical transhumance.

In Switzerland the occurrence of end Neolithic (Copper Age) 
transhumance has been hypothesized for the pile dwelling of Arbon 
Bleiche 3 (Jacomet 2009). The village was recovered on the shore 
of the Lake Constance at about 400 m a.s.l., and it is dendrodated 
at 3384-3370 BC, hence coeval to the Alpine Iceman. Among the 

abundant archaeobotanical items analysed from the settlement, 
remains of Pinus cembra (Arolla pine) and of Veronica alpina 
were identified (Hosch and Jacomet 2004). The fact that alpine 
plants remains were found in the lake settlement was taken as a 
hint for contacts between the prehistoric settlers and the higher 
altitudes. According to Jacomet (2009), the fact that these plants 
are not commonly used by humans suggests that they were carried 
unintentionally into the settlement, most likely by domestic animals 
returning from the alpine pastures. Palaeoecological analyses from 
the high altitudes of the St. Antönien Valley (Canton Graubünden, 
Swiss Alps) by Röpke et al. (2011) indicate the beginning of agro-
pastoral activity from the Bronze Age, at about 1300 yr cal BC. This 
phase followed three other agro-pastoral phases: during the Iron Age 
(800-15 yr cal BC), the Roman Times (15 BC-450 yr cal AD) and 
the Middle Ages (450-1500 yr cal AD). Studies conducted in the 
Upper Engadine (Canton Graubünden) in Lake St. Moritz (1768 m 
a.s.l.) and Lake Champfèr (1791 m a.s.l.) also suggest the onset of 
strong anthropogenic activities in the Early Bronze Age (1950 yr cal 
BC) (Gobet et al. 2003). In particular, grazing after fire favoured the 
local expansion of Larix and the formations of larch meadows (in 
German Lärchwiesen, grazed open larch stands with an herbaceous 
understory). Earlier palynological studies conducted in the same 
area (St. Moritz, Upper Engadine) at Chavalus (1800 m a.s.l.) 
indicate that the expansion of larch meadows favored by grazing 
occurred in the Late Bronze Age (Zoller and Brombacher 1984). In 
the same region, Canton Graubünden, previous studies performed 
by Heiz (1975) indicate the beginning of the human impact during 
the Bronze Age in Stallerberg (2450 m a.s.l.) and Vilvio (2136 m) 
in terms of wood clearances and increase in alpine pasture species, 
while in Sur (1780 m a.s.l.) the first alpine pasture are documented 
in the Iron Age. Finally archaeological excavations in the high 
altitudes of the Silvretta mountains (Swiss Canton Graubünden-
Austrian Vorlarberg) report first clear evidence of pastoral economy 
during the Iron Age, with the recovery of a structure at 2300 m 
a.s.l. dated 810-510 yr cal BC (Reitmeier 2010). Palaeobotanical 
studies performed in the Alps of central Switzerland in high altitude 
lakes and mire (Bachalpsee, 2265 m a.s.l.; Feld mire, 2130 m 
a.s.l.) by Lotter et al. (2006) and Wick et al. (2003) (Sägitalsee 
1935 m a.s.l.), show that this area was subjected to a lowering of 
the timberline due to anthropogenic deforestation since the Bronze 
Age (at about 1050 yr cal BC). Contemporary to the depression of 
the forest limit caused by humans, the occurrence of an elevated 
number of macroscopic charcoal particles, as well as of pasture 
indicator pollen types and coprophilous fungi, suggest the use of 
the area as alpine pasture. In western Switzerland investigations 
have been carried out at Lake Fully (2135 m a.s.l.) by Finsinger 
and Tinner (2007). At this site human induced forest openings at 
high altitudes have been detected since 2750 yr cal BC (transition 
Neolithic-Bronze Age) and were followed by an abrupt decrease 
in trees around 1550 cal BC. 

Continuing westward, few studies focused on high altitudinal 
sites have been performed in the French Alps. 

An extensive interdisciplinary study has been carried out in the 
Parc national des Ecrines (Southern French Alps) in mid to high 
altitudinal sites (above 1800 m a.s.l.) (Walsh 2007). The results 
of archaeological excavations clearly show that human activity 
in this area began in the Bronze Age, at ca. 2000 yr cal BC. The 
recovery of many stone structures suggests a high investment in the 
construction, meaning that the summer occupation was repeated 
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every year (Walsch 2007). Palynological analyses document the 
occurrence of pasture indicators and coprophilous  fungi during 
the Bronze Age (Segard et al. 2003), and indicate two phases of 
forest clearance, dated respectively to the Early and the Late 
Bronze Age, interpreted as attempts by humans to perhaps create 
routes for transhumance (Walsh et al. 2005). Similar results have 
been obtained in the pollen analyses of the near Lake des Lauzons 
(2190 m a.s.l.) indicating the expansion of pastoral activities from 
the lowlands to the highlands at about 2500 yr cal BC (beginning 
of the Bronze Age) (Court-Picon 2007). Further pollen analyses 
in the Southern French Alps performed by Argant (2006) at Lake 
Lauzon (1980 m a.s.l.), also show first evidence of local pasturing 
at the beginning of the Bronze Age. Grazing activity by domestic 
animals is inferred by increased soil erosion, eutrophication of 
the lake and increase of Plantago lanceolata, Rumex, Urtica, and 
Chenopodiaceae pollen.

In the Eastern Pyrenees (France) pasture practices in the high 
altitudes are documented in the pollen record since 4200 yr cal 
BC (Middle Neolithic), by the occurrence of nitrophilous species 
(Plantago, Chenopodiaceae and Urtica) (Galop 2006). The 
palaeoecological evidence is confirmed by the archaeological 
finding in the Eastern Pyrenees of a structure located above 2000 
m a.s.l. and dated at 4200 BC (Rendu 2003), as well as by traces of 
livestock sheltering at the shepherd cave of Mikelauen-ziloa found 
in the Northern Pyrenees (Pays Basque), and dated 3800 yr cal BC 
(Marembert 2000). The fact that people invested in constructions 
suggests that this occupation were regular and prolonged, and cannot 
be ascribed as nomadic movements (Galop 2006). However, this 
initial expansion phase of agro-pastoral economy toward the high 
altitudes dated between 4200 and 3600 yr cal BC, did not cause 
major changes in the vegetation. Only limited deforestation events, 
which allowed rapid forest regeneration, are indeed recorded in 
the palaeoenvironmental records (Galop 2006). It is in fact only 
since 3300 yr cal BC (Late Neolithic) that pollen records indicate 
an intensification of grazing in the high altitudes (Galop 2006). 

Further integrated palaeoenvironmental-archaeological 
investigations in the eastern Pyrenees have been carried out in 
Andorra, in the high altitude valleys of Madriu and Parafita at the 
sites of Bosc dels Estanyons fen (2180 m a.s.l.) (Miras et al. 2007; 
Miras et al 2010); Orris de Setut fen (2300 m a.s.l.) and Riu dels Orris 
fen (2390 m a.s.l) (Ejarque et al. 2010), Pradell de Parafita (2240 
m a.s.l.) (Ejarque et al. 2009). The oldest evidence of grazing in 
alpine belt is reported for the Madriu valley for the Early Neolithic: 
the palynological analyses from Bosc dels Estanyons (Miras et 
al. 2007; Miras et al 2010) and Riu dels Orris fen (Ejarque et al. 
2010) show a retreat of the subalpine forest, accompanied by the 
occurrence of nitrophilous species (Urtica, Plantago lanceolata-
type), local grazing indicators (Plantago major/media-type, Rumex 
acetosella-type, Asteroideae, Achillea-type and Potentilla-type) and 
coprophilous fungi (Sporormiella sp., Sordaria sp. and Cercophora 
sp.). The finding of a dry-stone hut at 2530 m a.s.l. dated 4481±112 
BC gives a clear archaeological evidence for human occupation of 
the valley (Palet et al. 2009). In the same period pollen analyses 
from the Parafita Valley show an opening of the sub-alpine forest 
and the occurrence of pastoral indicators (Plantago sp. and Plantago 
lanceolata–type) (Miras et al. 2010). However, it is in the Middle 
Neolithic (between 4250 and 3050 cal BC) that an extensive opening 
of the forest takes place and that grazing became intense, as indicated 
by the regular occurrence of local pastoral indicators (according to 

Mazier et al. 2009: Potentilla-type, Cirsium-type and Bellis-type) 
and coprophilous fungi (Sporomiella, Cercophora, Sordaria and 
Podospora) (Miras et al. 2010). Palynological evidence is supported 
by the archaeological discovery of a pastoral hut dated at 3010 cal 
BC in the surrounding of the investigated fen (Orengo 2007).

For the Spanish Central System unfortunately only sites with an 
age younger than 1200 cal BC have been investigated in connection 
with pastoralism (Lopez et al. 2009, 2009a). 

Chronological patterns emerge also on a European scale, 
showing different timing for the onset of pastoral economy in the 
high altitudes. The great majority of the sites form a well-defined 
group corresponding geographically to the Balkans, Carpathians 
and the Alps. In these mountain chains earliest exploitation of 
the subalpine and alpine zones are recorded at the beginning of 
the Bronze Age (see Fig 2 Central Balkans, 2500 cal BC). The 
Pyrenean sites reveal a different timing, reporting grazing activities 
and human occupation of the high altitudes as early as 4450 yr 
cal BC (corresponding to the local Early Neolithic). A third group 
includes the two Greek sites of Makriyalos and Apsalos, where 
transhumance has been hypothesised since 5600 cal BC (Middle 
Neolithic); however in this case only data from the valley floor 
are available.

The results obtained for the Ötztal Alps (present study), and 
for the area Trentino-South Tyrol-North Tyrol, place the beginning 
of seasonal transhumance during the Bronze Age. This is well 
in congruence with the rest of the Alpine sites, where only few 
exceptions are present, namely Val Febbraro (Moe et al. 2007), Pian 
di Gembro (Pini 2002) and Langtalereck (Bortenschlager 2001). 
However, at these sites palynological evidence is not supported by 
archaeological findings in the high altitudes.

Hence, it is clear that for Eastern and Central Europe the 
transition to the Bronze Age was a turning point in the change of 
the land use, promoting the expansion of pasture activities to the 
high-altitudes.

4.4. Bronze Age transhumance: anthropogenic fac-
tors vs. climatic factors 

From the anthropogenic point of view the transition to the Bronze 
Age represents a deep change in the society with respect to the 
previous periods. The Bronze Age is characterized by technological 
innovations, division of labour leading to social differentiation, 
diversification of production, territoriality (Strahm 2007) and 
by a conspicuous demographic growth, as documented in the 
increased occurrence of settlements. It is during this period that 
pile dwellings develop in northern Italy while in the Po Plain the 
Terramare culture flourished (Marzatico 2009). The progresses in 
agriculture, such as the use of the Trittolemo-type plough (Early 
Bronze Age), and bronze sickles (Middle Bronze Age) (De Marinis 
2000) improved the efficiency of crop growing, allowing a higher 
yield. The generalized spread of axes facilitated the creation of new 
spaces for cultivated fields (Marzatico 2009). The greater extension 
and efficiency of agriculture supported the demographic growth 
in populations. This dynamics are evident in the study area, the 
Vinschgau, as well on a north Italian and European scale. Figs 3-
5 (Steiner 2007) present the settlement situation in the Vinschgau 
from the Copper Age to the Bronze Age. For the Copper Age the 
site at Latsch represents the only clear settlement traces, while 
elsewhere in the valley findings have been recovered out of a 



CHAPTER 4. RECONSTRUCTING THE ONSET OF ALPINE PASTURE 56

Figure 3 Vinschgau: Late Neolithic sites (●): 1 
Schluderns-Ganglegg; 3 Laatsch-Oberberg; 4 Müstair-
St.Johann; 6 Eyrs; 7 Laas; 8 Kortsch-St. Laurentius; 9 
Schlanders; 10 Goldrein; 12 Kastellbell-Hochgalsaun; 
Copper Age sites (◊): 2 Mals-Tartscher Bichl; 5 Glurns-
Sölesböden; 13 Kastellbell-Tschars-Schloss Juval, 14 
Tisenjoch (Alpine Iceman); 11 Latsch (menhir); 15 
Latsch (settlement). (Steiner 2007 modified)

Figure 4 Vinschgau: Early Bronze Age sites (●):1 
Schluderns-Ganglegg 2 Mals-Burgeis/Kastellaz; 3 
Prad-Agums/Katzenbichl; 4 Laas-Alliz/St. Maria; 5 
Latsch-Goldrein/Schloss Annenberg; 6 Kastellbell-
Tschars/Schloss; 7 Kastellbell-Tschars-Schloss Juval; 
8 Kastellbell-Tschars/Schnalserhof. (Steiner 2007)

Figure 5 Vinschgau: Middle and Late Bronze 
Age settlements (●): 1 Schluderns-Ganglegg; 2 
Mals-Tartscher Bichl; 3 Mals-Burgeis/Kastellaz; 4 
Laatsch- Silbergasse; 5 Laatsch-Valseron; 6 Müstair-
St. Johann; 7 Glurns-Fachegg; 8 Glurns-Söleshof; 9 
Glurns-Sölesböden; 10 Lichtenberg-St. Christina; 
11 Prad-Agums/Katzenbichl; 12 Stilfs-Chaschlin; 
13 Stilfs-Weiberbödele; 14 Eyrs-St- Peter; 15 Laas-
Fußballplatz; 16 Laas-Sisinius; 17 Laas- Großboden; 
18 Laas-Alliz/Litzerbichl; 19 Laas-Alliz/Litzerbichl; 
20 Laas-Alliz/St. Maria; 21 Laas-St. Martin; 22 
Laas-Tarnell; 23 Kortsch-Roßladum; 24 Kortsch-
St- Georg/Schatzknott; 25 Vetzan-Loambichl; 26. 
Goldrein-Töniegg; 27 Morter-Schloss Obermontani; 
28 Latsch-Goldrein/Schloss Annenberg; 29 
Kastellbell-Hochgalsaun; 30 Schnalstalmündung; 31 
Kastellbell-Tschars-Schloss Juval, Oberortl; Unterortl, 
Sonnenhof; 32 Schnals-Katharinaberg; 33 Ulten-St. 
Walburg; 34 Martell_tirol; 35 Morter-Goggenbichl. 
(Steiner 2007)
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clear settlement context (Fig 3). This very likely implies a very 
low demographic pressure in the valley. The transition to the Early 
Bronze Age shows as well a limited local population density (Fig. 
4). In this period settlements were situated on elevated spots in the 
valley, mainly at the entrance of later valleys. In the Vinschgau a 
demographic increase is documented at the transition to the Middle 
Bronze Age, when settlement number increased greatly (Fig. 5). In 
fact, during the Middle and Late Bronze Age new settlements were 
built in order to face the population growth and were located in the 
valley floor, at the entrance to lateral valleys, thereby controlling 
their access (Steiner 2007). The crop fields were probably located 
in the immediate vicinity of the settlements (Marzatico 2009) 
and therefore occupied a substantial part of the valley. In order 
to preserve the harvest domestic animals must have been kept far 
from the fields during the summer months. This was probably the 
main factor triggering the spatial segregation of animal husbandry 
to the higher altitudes during the summer, implying the start of 
the vertical transhumance practice. The extensive use of space for 
agriculture connected with the population growth is hence a major 
motivation triggering the need for transhumance and the expansion 
of the activities to the uplands. Another main issue generating 
interest in the high altitudes during the Bronze Age is surely the 
search for ores and the practice of mining activities, as for instance 
at the Austrian sites of Hallstatt and Kitzbühel. However, this seems 
unlikely for the Vinschgau, since no valuable copper ore deposits 
are known in this area. According to these facts, transhumance and 
alpine summer farming remain the only activities carried out at 
higher altitudes causing a significant human impact on vegetation. 
Palynological and archaeological results obtained in the present 
study (paragraph 4.1), clearly show that the earliest use of alpine 
grassland for grazing purposes occurred since the Middle Bronze 
Age. This is supported by the Middle to Late Bronze Age offering 
sites recovered in the Finail and Tisen valleys (ca. 2400 m a.s.l.), 
which are linked to pastoral practices in the alpine zone. The impact 
of grazing can be recorded as well in the montane zone in form of 
forest grazing. This type of grazing favoured the expansion of larch 
around the lake Vernagt during the Middle and Late Bronze Age, as 
well as in the Ulten Valley montane site located 24 km south-east 
of Vernagt (Kofler and Oeggl 2010). Finally, during the Iron Age 
the impact became more intense, as it can be seen in the Maneid 

valley, where palynological evidence of pasture coincides with the 
archaeological finding of an alpine hut. This intensification could 
be connected with the technological innovation of iron scythes that 
make the hay making practice effective and extensive. From an 
environmental point of view this practice favored the maintenance 
of an open landscape, preventing trees regrowth. In addtion, the 
collection and storage of hay constituted a new source of winter 
fodder for the animals allowing humans to keep more numerous 
herds. The entity of the human impact is hence directly connected 
with new technology brought about by the metal innovation. 

Anthropogenic factors triggering the onset of transhumance 
and alpine summer practices during the Bronze Age are hence 
quite evident. On the contrary, the climatic implications in this 
process are not just as recognizable and sometimes contrasting. 
According to palynological data by Tinner at al. (2003) the period 
between 1450 and 1250 yr cal BC (Middle to Late Bronze Age) 
is described as a favorable climatic phase (warm and dry) that 
supported the expansion of agriculture both north and south of the 
Alps. This would have sustained the growth in population and the 
segregation of animal husbandry to the highlands. In contrast, lake 
level changes studies from northern and central Italy (Magny et 
al 2009; Magny et al. 2004) reveal the occurrence of a clear high 
stand phase at 1450 yr cal BC, indicating wetter climate conditions 
between 1450 till 1150 yr cal BC. An increase in precipitation around 
1450 yr cal BC is recorded as well in the Laguan valley and the 
Lake Vernagt pollen diagram. This Middle Bronze Age wet phase 
is coeval with the flourishing of lake and wetland dwellings south 
of the Alps (1600-1400 yr cal BC) (Marzatico 2009), and with the 
maximum expansion of the Terramare culture in the southern Po 
Plain around 1450-1350 yr cal BC (Cremaschi et al. 2006). Both 
lake settlements and Terramare dwellings collapsed with the onset 
of a dry phase at 1150 cal BC (Magny et al 2009). This pattern is 
in contrast to what is known for the Swiss lake dwellings, which 
were abandoned during the 1450 yr cal BC climate reversal (Magny 
et al. 2004). According to these results, there seems not to be a 
direct link between settlement development and climate in Northern 
Italy. As a consequence the onset of transhumance appears to be 
merely linked to anthropogenic factors triggering the necessity of 
expansion to the highlands to compensate the occupation of the 
valley territories for agriculture.
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The results obtained in this study show that there are no evidence of 
transhumance and alpine summer farming in the Ötztal Alps during 
the Copper Age. Archaeological findings on the valley floor are very 
few, especially those of settlement. The discovery of the Latsch site 
allowed the investigation of a settlement coeval to the Neolithic 
Iceman and located in his valley of origin. Archaeobotanical analyses 
performed on the Latsch site show that at that time the diet was 
based mainly on cereals (Hordeum vulgare, Triticum monococcum 
and T. dicoccum) and at least one protein rich plant (Pisum sativum). 
Archaeozoological analyses document a clear investment in the 
breeding of caprine (goat and sheep). Isotopic analyses on the 
tooth enamel of a goat recovered from Latsch demonstrate that 
the specimen was involved in seasonal movements. However, the 
entity and direction (horizontal or vertical) of the movement cannot 
yet be determined for methodological reasons. Analyses on the 
macro charcoal from the Latsch settlement provide information 
on the wood collection strategy and the vegetation in the valley. 
An alluvial forest occupied the valley floor, while a mixed oak and 
pine forest covered the south facing slope and a spruce forest grew 
on the north facing slopes.

Modern analogue study carried out in the area allowed the 
identification of local pasture indicators for the montane and 

subalpine zone. Main pasture indicators for the montane grasslands 
of the Ötztal Alps are pollen of Artemisia-type, Chenopodiaceae, 
Plantago lanceolata-type, and with reservations Brassicaceae and 
Chichorioideae. In the subalpine zone open main pasture indicators 
have been proved to be Rhinanthus-type, Geum-type, Campanula/
Phyteuma-type, Rumex acetosella-type, Plantago alpina-type, 
Gentianaceae and, conditionally, Urticaceae pollen.

These results have been applied to the interpretation of four 
fossil pollen records from the high altitudes of the Vinschgau (Lake 
Vernagt, Schwarzboden, Lagaun and Penaud mires), in order to 
reconstruct the history of the land use and to detect the onset of 
vertical transhumance. Palynological and archaeological analyses 
on these sites clearly place the onset of transhumance practices 
during the Bronze Age, when grazing is first detected at Lake 
Vernagt and in the Penaud high valley. This study in the Ötztal Alps 
confirms the trend documented in archaeological, archaeobotanical 
and archaeozoological studies performed in the Alps, Balkans and 
Carpathians. Here the onset of pastoral economy in the mountains 
begins as well during the Bronze Age. The main factors triggering 
the expansion to the highlands are connected with the Bronze Age 
social developments and the technological advances, rather than 
being climate driven.

CHAPTER 5

CONCLUSIONS
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