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ABSTRACT
Sheep were vital to Alpine subsistence strategies during the Neolithic as well as the Bronze and Iron 
Ages. The present study deals with the question of phenotypic alterations in Alpine sheep during 
these 4500 years of prehistoric Alpine livestock farming. It furthermore addresses the issue of to what 
extent morphological developments were triggered by processes of economic, cultural or ecological 
change. To answer these questions, bone measurements of sheep from 59 find complexes in an Alpine 
model region were examined. The region stretches between the Northern Pre-Alps and the Padanian 
Plain and comprises the valleys of Inn, Isarco and Adige along with adjacent regions. As shown by 
the application of logarithmic size index analyses and withers height calculations, the phenotypic 
development of sheep was characterised by micro-regional differences; for example, while the Inn 
Valley population underwent a size reduction from the Late Bronze Age onwards, the conspecifics of 
the southern Alpine fringe grew synchronously larger. For other regions, no diachronic changes were 
observed. Based on the osteometric analysis, the following factors are discussed as potential triggers 
for phenotypic alterations in Alpine livestock: climatic fluctuations, a physical adaptation to high 
altitude pasturing, the emergence of wool farming, the introduction of allochthonous livestock in 
the context of cultural transfer and shifts in the sex ratios caused by changing exploitation patterns. 
In order to evaluate the possible influence of these aspects on sheep morphology, the osteometric 
results are compared to different data on the cultural and climatic development of the Alpine region.
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INTRODUCTION

Thanks to physical characteristics such as sure-footedness in 
rugged mountain areas and frugality with regard to food intake, 
the sheep represents a farm animal of central importance in the 
Alpine region today. Numerous archaeozoological studies prove 
that this has been the case since the beginning of livestock farm-
ing in this mountainous region. In most Neolithic, Copper Age, 
Bronze Age and Iron Age faunal assemblages, both north and 
south of the main Alpine ridge, small domestic ruminants, and 
sheep in particular, are the most important or at least one of 
the best represented species (Fig. 1) (e.g., Guem 1956: 18-79; 
Würgler 1962; Riedel 1976a, 1986, 2002; Riedel & Tecchiati 
1999: 295-297; Plüss 2007: table 3; Schmitzberger 2007: 625, 
659, 666; Festi et al. 2011: 373; Tecchiati 2012: 34; Tecchiati & 
Zanetti 2013: 232; Deschler-Erb et al. 2015: 368; Trixl 2019: 
58). During this long period of prehistoric livestock farming, the 
Alpine region underwent a series of fundamental socioeconomic 
changes that were not without impact on animal husbandry. 
This includes the controversial issue of different forms of mobile 
livestock farming from the Neolithic onwards (e.g., Patzelt et al. 
1997; Spindler 2005; Oeggl et al. 2009), the emergence of cop-
per and salt mining including specialised food supply structures 
during the Bronze Age (e.g., Saliari et al. 2020) and, last but not 
least, the appearance of wool farming during the Early Bronze 
Age (e.g., Grömer & Saliari 2018: 147, 148).

Closely linked to these economic innovations is the role 
of the Alps as a region of high cultural and socioeconomic 
dynamics; the mountain range was by no means a mere topo-
graphical barrier, but rather a contact zone linking Central 
Europe and the Mediterranean region, in which throughout 

Prehistory a wide variety of cultural influences are to be noted 
(e.g., Metzner-Nebelsick et al. 2017). An early example of this 
is the introduction of livestock farming in the Alpine region, 
which followed two different routes in distinct Neolithic com-
munities (e.g., Schmölcke et al. 2018: 106). Also during the 
Metal Ages, the Alps were characterised by cultural dynamics 
as evidenced, for example, by the emergence of the North 
Tyrolean Urnfield Culture triggered by cultural transfer or 
migration from the Northern Alpine foreland (e.g., Grupe et al. 
2017: 233-241). In recent decades, the question whether such 
shifts in socioeconomic structures and cultural networks are 
additionally dependent on well-evidenced climatic fluctuations 
has become an important research issue for bioarchaeology, 
especially with regard to developments during the Bronze and 
Iron Ages (e.g., Magny et al. 2009; Oeggl & Nicolussi 2009).

In view of the considerable importance of sheep for prehis-
toric Alpine subsistence strategies, the question arises if the 
cultural, ecological and socioeconomic changes between the 
arrival of the first herder communities (c. 4500 BCE) and the 
Roman occupation (c. 100-15 BCE) also affected the pheno-
typic development of sheep in the mountain area. This becomes 
even more likely given the fact that numerous archaeozoological 
investigations have shown alterations in husbandry practices 
and in exploitation patterns of pre-modern livestock as having 
often been accompanied by changes in the animal popula-
tions’ body size, stature, hair coat and horn shape (e.g., Pucher 
2010: 9; Halstead & Isaakidou 2011: 68; Trixl 2019: 253-267). 
Furthermore, in addition to chronological developments we 
must also consider the possible coexistence of different livestock 
phenotypes in neighbouring micro-regions. This may be true in 
particular of prehistoric Alpine sheep populations, as shown by 

RÉSUMÉ
La biométrie des moutons alpins préhistoriques : exploration de quatre millénaires d’interaction entre 
l’homme et le mouton au moyen de l’ostéométrie.
Les moutons étaient d’une importance vitale pour les stratégies de subsistance alpines au Néolithique 
ainsi qu’aux âges du bronze et du fer. La présente étude traite de la question des altérations phénoty-
piques des moutons alpins au cours de ces 4500 ans d’élevage préhistorique dans les Alpes. Elle aborde 
en outre la question de savoir dans quelle mesure les développements morphologiques ont été induits 
par des processus de changement économique, culturel ou écologique. Pour répondre à ces questions, les 
données ostéométriques de moutons provenant de 59 assemblages archéologiques dans une région alpine 
modèle ont été examinées. Cette région s’étend des Préalpes du Nord à la plaine Padane et comprend 
les vallées de l’Inn, de l’Isarco et de l’Adige et les régions adjacentes. Comme le montre l’application 
des analyses de Logarithimic Size Index (LSI) et des calculs de la hauteur au garrot, le développement 
phénotypique des moutons a été caractérisé par des différences micro-régionales : ainsi, tandis que la 
population de la vallée de l’Inn a subi une réduction de taille à partir de la fin de l’âge du bronze, celle 
de leurs congénères de la frange des Alpes du Sud a augmenté de manière synchrone. Pour quelques 
autres régions, aucun changement diachronique n’a été observé. Sur la base de l’analyse ostéométrique, 
les facteurs suivants sont examinés en tant que sources potentielles de modifications phénotypiques des 
moutons alpins : les fluctuations climatiques, l’adaptation physique aux pâturages de haute altitude, 
l’émergence de l’exploitation de la laine, l’introduction d’un type allochtone dans le cadre de transfert 
culturel et les changements dans la répartition des sexes causés par l’évolution des modes d’exploitation. 
Afin d’évaluer l’influence possible de ces aspects sur la morphologie des moutons, les résultats ostéomé-
triques sont comparés à diverses données sur le développement culturel et climatique de la région alpine.
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several bioarchaeological studies stressing the fact that sheep of 
different Alpine regions vary in withers height and body shape 
(e.g., Rueger 1942; Riedel 2003; Plüss 2007; Grömer & Saliari 
2018; Schmölcke et al. 2018).

The aim of the present study is to evaluate the phenotypic vari-
ability of prehistoric Alpine sheep in spatial and temporal terms. 
Subsequently, possible cultural, ecological and socioeconomic 
reasons for chronological and/or regional patterning are discussed.

MATERIAL AND METHODS

An osteometric approach was applied, in order to investigate 
these questions. The material basis comprises 2536 width meas-
urements taken from sheep Humeri, Radii, Metacarpi, proximal 
phalanges, distal phalanges, Ossa femoris, Tibiae and Metatarsi 
according to von den Driesch (1976). As far as this was evident 
from the literature, only the measurements of skeleton elements 
with fused epiphyseal joints were considered. In addition to the 
distal (Bd) and proximal (Bp) breadth, 1096 length measure-
ments (GL [greatest length] and GLl [greatest length lateral]) 
recorded at long bones as well as on Tali and Calcanei were also 
included in the study. Those data derive from 37 prehistoric sites 
located in an Alpine model region, which also comprises selected 
find complexes from the immediate Alpine foothills in order to 
enable osteometric comparison between mountain populations 
and their conspecifics in the Circum-Alpine plains (Figs 2, 3). 
A site overview including information on dating and references 
is given in Tables 1 and 2. Based on C14 dating, stratigraphy or 
archaeological find material, some of these faunal assemblages 
such as Bressanone-Stufles/Brixen-Stufels (Distr. Bolzano, Italy; 
Riedel 1986) and Cazis near Cresta (Distr. Grisons, Switzerland; 
Plüss 2007) were chronologically subdivided. Taking into ac-
count this intra-site periodisation, a total of 59 find complexes 
constitute the material basis of the present study.

Statistical analysis of width measurements was mainly 
carried out using the logarithmic size index technique (LSI; 
Meadow 1999). A modern female sheep skeleton housed in the 
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fig. 1. — The percentage of the main livestock species animals in Prehistoric 
Alpine find complexes.  ,  Neolithic/Copper Age;   , Bronze Age;   , Iron Age. 
Site numbering, see Table 1.
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Bavarian State Collection for Anthropology and Palaeoanatomy 
Munich (inventory number SAPM-MA-02718), served as the 
standard individual (Manhart 1998). The results were tested 
for statistical significance using the pairwise Wilcoxon rank-
sum test with alpha error correction according to Bonferroni 

(Table 3). The difference between two populations is considered 
statistically significant if the P-value is <0.05. The statistical 
program R (R Core Team 2020) with the packages ggplot2 
(Wickham 2016) and ggtern (Hamilton & Ferry 2018) was 
used for data analysis.

Site no. Site Country/District References NISP Period
1 Albanbühel near Bressanone/Brixen Italy/Bolzano Rizzi 1997 17 818 MBA
2 Barche di Solferino Italy/Mantova Riedel 1976b 3402 EBA
3 Birgitz Austria/Innsbruck Guem 1956; Trixl 2019 3424 LIA
4 Bressanone-Stufles/Brixen-Stufels Italy/Bolzano Tecchiati & Zanetti 2013 443 NCA
5a Bressanone-Stufles/Brixen-Stufels Gruppe I Italy/Bolzano Riedel 1986 49 EIA
5b Bressanone-Stufles/Brixen-Stufels Gruppe II Italy/Bolzano Riedel 1986 760 EIA
5c Bressanone-Stufles/Brixen-Stufels Gruppe III Italy/Bolzano Riedel 1986 771 LIA
5d Bressanone-Stufles/Brixen-Stufels Gruppe IV Italy/Bolzano Riedel 1986 85 LIA
6a Brixlegg, EBA Austria/Schwaz Riedel 2003 4355 EBA
6b Brixlegg, LBA Austria/Schwaz Boschin & Riedel 2011 1346 LBA
7a Castelrotto, 4th century BCE Italy/Verona Riedel 1985a 2469 LIA
7b Castelrotto, 5th century BCE Italy/Verona Riedel 1985a LIA
8 Cavalzara Italy/Verona Riedel 1979 164 LBA
9 Cisano Italy/Verona Riedel 1990 588 EBA/MBA

10 Col del Buson Italy/Belluno Fontana et al. 2015 766 NCA
11a Cresta-Cazis, EBA 1 Switzerland/Grisons Plüss 2007 12 613 EBA
11b Cresta-Cazis, EBA 2 Switzerland/Grisons Plüss 2007 EBA
11c Cresta-Cazis, MBA Switzerland/Grisons Plüss 2007 MBA
11d Cresta-Cazis, LBA Switzerland/Grisons Plüss 2007 LBA
12 Dürrnberg-Putzenfeld Austria/Hallein Schmitzberger 2012 7260 LIA
13 Dürrnberg-Putzenkopf Nord Austria/Hallein Saliari et al. 2016 9820 LIA
14a Dürrnberg-Ramsautal Horizont 1 Austria/Hallein Pucher 1999a 2711 LIA
14b Dürrnberg-Ramsautal Horizont 2 Austria/Hallein Pucher 1999a 3776 LIA
14c Dürrnberg-Ramsautal Horizont 3 Austria/Hallein Pucher 1999a 4502 LIA
14d Dürrnberg-Ramsautal Horizont 4 Austria/Hallein Pucher 1999a 1172 LIA
15 Appiano/Eppan Italy/Bolzano Riedel 1985b 1426 LBA
16a Faggen, Bronze Age Austria/Imst Tecchiati 2012 1973 MBA
16b Faggen, Iron Age Austria/Imst Tecchiati 2012 171 LIA
17 Farchant Germany/Garmisch-

Partenkirchen
Trixl pers. comm. 2176 EIA/LIA

18 Fondo Paviani Italy/Verona Riedel 1979 284 LBA
19 Gazzo Veronese Italy/Verona Riedel & Rizzi-Zorzi 2006 1958 NCA
20 Castel del Porco/Greifenstein Italy/Bolzano Riedel et al. 2002 1334 IA
21 Laion/Lajen Italy/Bolzano Tecchiati et al. 2010 1208 MBA/LBA
22 Ledro Italy/Trento Riedel 1976a 8449 EBA/MBA
23 Mondsee Austria/Vöcklabruck Pucher & Engl 1997 5144 NCA
24 Naturno/Naturns Italy/Bolzano Riedel & Tecchiati 2000 374 EBA
25 Nogarole Rocca I Camponi Italy/Verona Riedel 1992 1118 MBA
26 Nössing near Varna/Vahrn Italy/Bolzano Riedel & Tecchiati 1999 1797 EBA/MBA
27 Peschiera Italy/Verona Riedel 1982 399 MBA/LBA
28 Pfaffenhofen-Hörtenberg Austria/Innsbruck-Land Trixl pers. comm. 1625 LIA
29a Vadena/Pfatten Horizont I Italy/Bolzano Riedel 2002 1458 EIA/LIA
29b Vadena/Pfatten Horizont II Italy/Bolzano Riedel 2002 1699 EIA
29c Vadena/Pfatten Horizont III Italy/Bolzano Riedel 2002 585 LBA
30 Saalfelden-Katzentauern Austria/Zell am See Pucher 2019 4449 EBA/MBA
31 San Giorgio di Valpolicella Italy/Verona Tecchiati 2006 522 LIA
32a Santorso, Phase 2 Italy/Vicenza Cassoli & Tagliacozzo 1991 38 LIA
32b Santorso, Phase 3 Italy/Vicenza Cassoli & Tagliacozzo 1991 610 LIA
32c Santorso, Phase 4 Italy/Vicenza Cassoli & Tagliacozzo 1991 451 LIA
32d Santorso, Phase 5 Italy/Vicenza Cassoli & Tagliacozzo 1991 333 LIA
33a Ganglegg near Sluderno/Schluderns, MBA Italy/Bolzano Schmitzberger 2007 4585 MBA
33b Ganglegg near Sluderno/Schluderns, early LBA Italy/Bolzano Schmitzberger 2007 947 LBA
33c Ganglegg near Sluderno/Schluderns, Laugen-Melaun A Italy/Bolzano Schmitzberger 2007 455 LBA
33d Ganglegg near Sluderno/Schluderns, Middle La Tène Italy/Bolzano Schmitzberger 2007 3948 LIA
33e Ganglegg near Sluderno/Schluderns, Late La Tène Italy/Bolzano Schmitzberger 2007 1574 LIA
34 Sotciastel near Badia/Abtei Italy/Bolzano Salvagno & Tecchiati 2011 9096 MBA/LBA
35 Tartscher Bichl near Tarces/Tartsch Italy/Bolzano Schmitzberger 2007 825 LIA
36a Terranegra, Iron Age Italy/Verona Depellegrin et al. 2018 1011 EIA
36b Terranegra, LBA Italy/Verona Depellegrin et al. 2018 1793 LBA
37 Wiesing Austria/Schwaz Pucher 1984 1863 EBA

table 1. — Overview of the archaeofaunas considered in the study. Abbreviations: BA, Bronze Age; EBA, Early Bronze Age; EIA, Early Iron Age; IA, Iron Age; 
LBA, Late Bronze Age; LIA, Late Iron Age; MBA, Middle Bronze Age; NCA, Neolithic/Copper Age; NISP, number of identified specimens.
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In this context, however, it is important to consider that 
depending on the studied animal population, the results of 
osteometric indexing methods can vary between different 
skeleton elements (e.g., Davis 1996). Therefore, differing pat-
terns in skeleton element representation can potentially bias 

osteometric results. To test this possibility for the present sheep 
bone assemblages, the LSI was calculated separately for the 
Stylopodium/Zeugopodium, Metapodium and Basipodium 
in some large Alpine find complexes covering a wide chrono-
logical and regional range (Table 4). The majority of those 

Site no. Site Country/District References Period
A EBA total Several Several EBA
B EBA/MBA total Several Several EBA/MBA
C MBA total Several Several MBA
D MBA/LBA total Several Several MBA/LBA
E LBA total Several Several LBA
F EIA total Several Several EIA
G EIA/LIA total Several Several EIA/LIA
H LIA total Several Several LIA
I Northern Alps total Several Several Several
J Inn Valley total Several Several Several
K Vintschgau total Several Several Several
L Eisack Valley total Several Several Several
M Etsch Valley total Several Several Several
N Southern Alps total Several Several Several
O Heuneburg near Hundersingen Germany/Sigmaringen McEneaney-Schneider 1984 EIA/LIA
P Hochdorf Germany/Ludwigsburg Schatz 2009 LIA
Q Manching Germany/Pfaffenhofen an der Ilm Boessneck et al. 1971 LIA
R Freising Germany/Freising Manhart 2004 EBA/LBA

table 2. — Comparative archaeofaunas from the Northern Alpine Foreland and find complexes which were combined for the data analysis. Abbreviations: EBA, Early 
Bronze Age; EIA, Early Iron Age; LBA, Late Bronze Age; LIA, Late Iron Age; MBA, Middle Bronze Age. The capital letters refer to the site labelling in Figures 5 to  10.

Statistically significant deviation between:
Figure no. A B C D E F G H I J K L

5 B, C A, C A, B – – – – – – – – –
6a B C, D, E – – – – – – – – – –
6b C, G C, G – – – – – – – – – –
6c – – – – F – – – – – – –
6d H, I – – H, I – H – – – – – –
6e B, C, D, E – – – – – – – – – – –
6f H, I, J H, I, J H, I, J H, I, J H, I, J I I – – – – –
9 – – – – – – – – – – – –

10 C, D C, D – – – – – – – – – –

table 3. — Results of the Wilcoxon rank-sum test. The capital letters refer to the site numbering in Figures 5 to 10.

Stylo-/Zeugopodium Metapodium Basipodium
Site LSI median NM LSI median NM LSI median NM Statistic significant deviation
Albanbühel –0.147401005 126 –0.141521605 52 –0.144697077 127 –
Brixlegg (EBA) –0.11270428 29 –0.111828685 46 –0.10909477 60 –
Castelrotto (5th-4th century BCE) –0.115157517 30 –0.129525191 28 –0.128116732 18 –
Dürrnberg (complete) –0.130185807 116 –0.136582718 25 –0.103904064 22 Metapodium-Basipodium: 

p = 0.039
Farchant –0.087864119 44 –0.097734102 22 –0.102551215 88 –
Ledro –0.175626286 146 –0.170173557 134 – – –
Mondsee –0.162727297 13 –0.150514998 7 –0.178743214 11 –
Sotciastel –0.146128036 50 –0.132237975 19 –0.124938737 43 Stylo-/Zeugopodium-

Metapodium: p = 0.0163 
Stylo-/Zeugopodium-
Basipodium: p = 0.0052

Terranegra (Bronze Age) –0.129910273 15 –0.117282404 16 Only 1 value available – –
Terranegra (Iron Age) –0.1349815 14 –0.104878943 62 -0.111508494 12 Stylo/Zeugopodium-

Metapodium: p = 0.0066
Wiesing –0.096910013 11 –0.115983894 9 -0.10317903 33 –

table 4. — Calculation of LSI-values in statistically meaningful archaeofaunas separated according to different body regions. Abbreviations: LSI, logarithmic size 
index; NM, n measurements.
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archaeofaunas demonstrate good agreement in the results of 
the three body regions and no statistically significant deviation. 
Only at Dürrnberg (Distr. Hallein, Austria; Pucher 1999a; 
Schmitzberger 2012; Saliari et al. 2016), Sotciastel (Distr. 
Bolzano, Italy; Salvagno & Tecchiati 2011) and Terranegra 
(Distr. Verona, Italy; Depellegrin et al. 2018) do internal vari-
ances manifest. The case of the latter archaeofauna, however, 
is probably due to the low number of Basipodium elements 
(n = 14), contrasting with a huge assemblage of Stylopodium/
Zeugopodium finds (n = 62). The small find numbers may also 
explain the internal variations observed within the Dürrnberg 
material. The case of Sotciastel, however, is different, since the 
material amount is quite large with respect to both, remains 
of the Stylopodium/Zeugopodium as well as the Basipodium. 
The logarithmic deviation of the first-mentioned body part 
attains higher values than that of the Phalanges. Thus, it can-
not be excluded that specific patterns in the distribution of 

skeleton elements also bias the osteometric results in some of 
the archaeofaunas considered here. However, the statistical 
results presented in Table 4 suggest a low overall influence 
on the results.

As is evident in the Results chapter, the LSI technique 
helps to identify statistically significant differences between 
the width measurements of several sheep populations. 
However, this approach does not allow clear conclusions 
about the question whether these biometric variabilities 
are merely due to differences in withers height or if size-
independent differences in body shape also occurred, with 
some populations being built sturdier than others. In order 
to distinguish between differences in body shape and with-
ers height, an additional osteometric comparison of length 
and width measurements was made by comparing the LSI 
median values and the average shoulder height within sev-
eral faunal assemblages (Fig. 4). Withers height estimation 
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is based on the length measurements, and was carried out 
according to Teichert (1975). If shoulder height and width 
measurements do not behave proportionally to each other, 
it can be assumed that differences in body shape existed. 
Differences in body size alone are most likely for the assem-
blages that take a diagonal distribution in the scatterplot. 
In this regard, however, sample size may be an issue, as 
indicated by Figure 4: this graph clearly demonstrates that 
predominantly small assemblages, for which a maximum 
of ten shoulder height values are available, deviate from 
the diagonal distribution. As a rule, larger datasets with 
more than ten values are usually grouped in the area of a 
proportional gradient. However, there are deviations even 
among these valid datasets. In contrast to the small units, 
these may actually indicate differences in body shape, as 
discussed in detail below.

The study area (Figs 2, 3) comprises essentially the Northern 
Pre-Alps and Limestone Alps between the Salzach and Rhine 
Rivers, the Alpine Inn Valley with its side valleys as well as 
the Adige and Isarco Valleys including their surroundings. 
This area was chosen as a model region because it is not only 
a zone of great diversity with regard to its cultural devel-
opment and eco-geographical settings, but also because a 
good state of archaeozoological research has been developed 
here since the first half of the 20th century (Table 1; Fig. 3). 
Nevertheless, some factors have a negative impact on the 
data basis: first, the difficulties in sorting the sheep from 
goat remains should be mentioned here. Although various 
methodological studies have dealt with the anatomical dif-
ferentiation of these species (e.g., Boessneck et al. 1964), a 
large quantity of osseous remains are only identifiable up 
to small domestic ruminant level. For this reason, there is 
insufficient data available for osteometric analyses on sheep 
remains from a large number of sites whose osteological 
source material is quite adequate for other archaeozoologi-
cal approaches such as consideration of species distribution 
patterns. This applies to the Iron Age complexes of Laion/
Lajen (Distr. Bolzano, Italy; Pisoni & Tecchiati 2010) 
and Bressanone-Elvas/Brixen-Elvas (Distr. Bolzano, Italy; 
Boschin 2006), among others. However, Neolithic and 
Copper Age archaeofaunas such as those from Velturno/
Feldthurns (Distr. Bolzano, Italy; Riedel & Rizzi 1996), 
Moletta near Arco (Distr. Trento, Italy; Riedel 1984a), Castel 
Badia/Sonnenburg (Distr. Bolzano, Italy; Riedel 1984b), 
Castelrotto/Kastelruth (Distr. Bolzano, Italy; Salvagno & 
Tecchiati 2017), Casalmoro (Distr. Mantova, Italy; Clark 
1984) and Thaur (Distr. Innsbruck-Land, Italy; Deschler-
Erb et al. 2015) are particularly affected by the problem. 
As a result, little data is available for the earliest phase of 
sheep breeding in the study area.

Another methodological problem is studies published 
before the establishment of standardised measurement 
methods in archaeozoology. So as to ensure comparabil-
ity of the results, these assemblages were excluded from 
the statistical analysis. An example of this are the animal 
remains recovered at Kelchalpe (Distr. Kitzbühel, Austria; 
Amschler 1939).

RESULTS

In order to identify possible trends in the phenotypic develop-
ment of prehistoric Alpine sheep populations, the complete 
dataset was subdivided into three major chronological units: 
Neolithic/Copper Age (c. 4500-2200 BCE), Bronze Age 
(c. 2200-850 BCE) and Iron Age (c. 850-100/15 BCE). The 
LSI analysis seems to reveal a steady increase of sheep width 
measurements between the initial period of Alpine livestock 
breeding and the eve of the Roman occupation (Fig. 5). This is 
also consistent with the results obtained by applying pairwise 
Wilcoxon rank-sum test, which detects statistically significant 
deviations between the three chronological units (Table 3).

However, as already mentioned above, the results of pre-
vious archaeozoological investigations revealed phenotypic 
differences at a small-scale regional level for the Neolithic, 
Bronze Age and Iron Age sheep of the working area. For 
this reason, it is necessary to examine the data presented 
in Figure 5 separately, by individual micro-regions. The 
model region was divided into six sub-areas, based on 
environmental, geographical and archaeological criteria 
(Fig. 2): the Northern Pre-Alps and Limestone Alps, the 
Inn Valley, Val Venosta, the Isarco Valley and its surround-
ings, the southern section of the Adige Valley and finally 
the southern drop of the Alps including the Lessinian 
Mountains and the northernmost part of the Padanian 
Plain. It actually turns out, in applying this approach, that 
the phenotypic development of sheep differs significantly 
between single valleys.

The NorTherN Pre-AlPs ANd limesToNe AlPs

In contrast to the overall material, LSI analysis reveals no 
diachronic tendency in the development of the sheep bone 
width measurements for the northernmost part of the working 
area (Fig. 6A). Although the joint breadth clearly increases 
from the Copper Age site Mondsee (Distr. Vöcklabruck, 
Austria; Pucher & Engl 1997) to the Bronze Age assem-

0.0

– 0.2

– 0.3

– 0.4

Neolithic/Copper Age
n = 54

Bronze Age
n = 1611

Iron Age
n = 871

D
ev

ia
tio

n

Find complex

– 0.1

fig. 5. — LSI of sheep bone width measurements in broad chronological sub-
division. For the results of the significance test, see Table 3.
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blages, the distribution of the width values from Middle 
Bronze Age Saalfelden (Distr. Zell am See, Austria; Pucher 
2019) is quite similar to the data obtained at Late Iron Age 
Dürrnberg. At the same time, however, the comparison of 
width measurements and withers height implies that size-
independent differences in body shape existed between the 
Saalfelden and Dürrnberg populations, with the latter be-
ing significantly more slenderly built than their Bronze Age 
conspecifics (Fig. 4.12-14, .30). Moreover, this is not the 
only locally specific phenotype among the sheep kept in the 
Northern Pre-Alps and Limestone Alps, as evidenced by the 
osteometric data from the Iron Age site of Farchant (Distr. 
Garmisch-Partenkirchen, Germany; Trixl pers. comm.); even 
if this assemblage from the Loisach Valley is only slightly 
older than the finds from Dürrnberg, the Loisach Valley 
population shows higher joint width values and at the same 
time reaches a lower average shoulder height. Thus, those 
sheep represent a very stocky type, which is not evidenced 
at any other site investigated in this study (Fig. 4.17) except 
of some assemblages of low statistical significance.

Finally, the animals kept in the Bronze Age settlement of 
Cazis near Cresta (Plüss 2007), located far west in the work-
ing area within the Hinterrhein Valley, are morphologically 
closely related to their conspecifics from Saalfelden in terms 
of both breadth measurements and shoulder height. The 
chronological breakdown of the osteometric data from Cazis 
also suggests that, at least in the Alpine Rhine Valley, there was 
no phenotypic change in sheep between c. 2200-1500 BCE.

It is essential in interpreting such osteometric patterns to 
consider the potential influence of sexual dimorphism on 
the distribution of bone measurements. Local peculiarities in 
sheep exploitation, e.g., with an emphasis on dairy farming 
on the one hand and on meat or wool production on the 
other, may cause differences in the ratio of gracile ewes to 
more robust rams or wethers (e.g., Trixl et al. 2020). In order 
to clarify the question, as to whether osteometric patterns 
result from differences in sex ratios or from real phenotypic 
variations, statistical results on bone measurements must be 
crosschecked with information on the sex ratios. In addition, 
depending on the sexual dimorphism within a population, the 
range of data dispersion also can provide information about 
the homogeneity or heterogeneity of the sexual composition 
of pre-modern animal herds. For the sheep populations of 
the Northern Pre-Alps and Limestone Alps, we can hardly 
note any correlation between the sex distribution and the 
osteometric results. In the majority of the find complexes, 
the ratio of males and females is almost balanced, or only 
very slightly tilted in favour of ewes or rams (Plüss 2007; 
Schmitzberger 2012: 97; Pucher 2019: 49). An exception 
are the sheep remains recovered at Farchant, where females 
clearly prevail (Trixl pers. comm.). However, it is precisely 
this population that is characterised by a striking robust 
stature. A dependence of the osteometric results on the sex 
distribution is therefore unlikely, and the results observed in 
Fig. 6A, which are at least partially confirmed by statistical 
testing (Table 3), are likely to be due to genuine differences 
in growth form.

The opposite situation prevails in the assemblage from 
Dürrnberg, with its strikingly tall but slender-built animals; 
based on horn core and pelvis finds, a balanced ratio be-
tween females and males was calculated for this find complex 
(e.g., Schmitzberger 2012: 97). However, among the males 
the proportion of neutered individuals is hard to estimate due 
to methodological difficulties in morphologically sorting the 
wethers from the rams (e.g., Bökönyi 1984: 46). In fact, the 
data distribution observed in Fig. 4 may indicate an unusually 
large proportion of castrated males for the Dürrnberg mate-
rial; due to castration, the epiphyseal fusion in long bones is 
delayed, so that in some skeleton elements of neutered sheep 
greater bone lengths may be achieved than in uncastrated ones 
(Davis 2000). This issue and its implications for the local Iron 
Age subsistence economy are discussed in detail later.

The iNN VAlley

South of the Northern Limestone Alps lies the Inn valley, 
one of the most important prehistoric settlement and transit 
areas north of the main Alpine ridge. However, despite long 
years of archaeological and zooarchaeological research, up to 
now not sufficient osteometric data has been recorded for the 
Neolithic and Copper Age sheep to enable a comparison with 
contemporaneous sites such as Mondsee. The earliest find com-
plexes with an adequate amount of sheep bone measurements 
reach back to the Early Bronze Age, with the archaeofaunas of 
Wiesing (Distr. Schwaz, Austria; Pucher 1984) and Brixlegg 
(Distr. Schwaz, Austria; Riedel 2003; Boschin & Riedel 2011). 
Both sites are located in the lower Inn Valley. The LSI median 
values clearly show that Early Bronze Age values from Brixlegg 
(Fig. 4.6) and Wiesing (Fig. 4.37) rank well above the level 
calculated for contemporaneous sites in the Northern Pre-Alps 
and Limestone Alps, such as Cazis near Cresta (Fig. 4.11). 
This leads to the assumption that Bronze Age sheep in the 
Inn Valley were larger than their conspecifics in the Northern 
Limestone Alps. However, there is a striking exception, as 
shown by an internal LSI comparison of osteometric data 
from the Inn Valley sites (Fig. 6B): the sheep from Faggen 
(Distr. Imst, Austria; Tecchiati 2012), a Middle Bronze Age 
site in the Upper Inn Valley, were smaller than the individuals 
in the Lower Inn Valley and show a stronger correspondence 
with conspecifics from Cazis near Cresta (Fig. 6A, B). This 
is all the more relevant, as although these two archaeofaunas 
were assigned to two different micro-regions for the present 
study, they are geographically relatively close to each other. 
This supports the assumption that the unique sheep type, 
which was widespread in the Northern Limestone Alps during 
the Bronze Age, was also distributed in the Upper Inn Valley. 
Variations in sex distribution are probably not responsible 
for the osteometric differences of sheep in the Upper and 
Lower Inn Valley, as males took a similar proportion in the 
archaeofaunas from Faggen and Brixlegg (Riedel 2003: 221; 
Tecchiati 2012: 51).

For the Iron Age, we can note a striking decrease in both 
bone breadth and length in the Lower Inn Valley sheep 
population (Figs 4; 6B). This becomes clear also from the 
results of the Wilcoxon rank-sum test, providing a statistically 
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fig. 6. — LSI of sheep bone width measurements in several micro-regions (for the results of the significance test see Table 3). The sites are arranged in chrono-
logical orders and numbering refers to Table 1. Abbreviations: a, Northern Pre-Alps and Limestone Alps; b, Inn Valley; BA, Bronze Age; c,Val Venosta; d, Isarco 
Valley; e, Adige Valley and surroundings; EBA, Early Bronze Age; EIA, Early Iron Age; ELT, Early La Tène Period; f, Southern drop of the Alps with Lessinian 
Mountains and Northern Padanian Plain; IA, Iron Age; LBA, Late Bronze Age; LIA, Late Iron Age; LLT, Late La Tène Period; MBA, Middle Bronze Age; MLT, Mid-
dle La Tène Period; NCA, Neolithic/Copper Age.
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significant deviation between Early Bronze Age Brixlegg and 
the Late Iron Age assemblage from Birgitz (Distr. Innsbruck, 
Austria; Trixl 2019). Interestingly, the breadth measurements 
of the latter correspond exactly to the data obtained at the 
contemporaneous site of Pfaffenhofen-Hörtenberg (Distr. 
Innsbruck-Land, Austria; Trixl pers. comm.). This indicates 
that during the late Iron Age sheep of unique phenotype were 
kept in the Tyrolean Inn Valley (Fig. 6B). However, it is quite 
likely that the decline in size was not due to a phenotypic 
change but to a shift in the sex ratio from the Bronze Age to 
the late Iron Age; while in Early Bronze Age Brixlegg both 
males and females were well represented (Riedel 2003: 221), in 
Birgitz (Trixl 2019: 59) and Pfaffenhofen (Trixl pers. comm.) 
ewes dominated to a high degree. This is also supported by 
the lower dispersion of the LSI values within the Iron Age 
datasets (Fig. 6B), which implies a form of sheep exploitation 
focussing on one sex.

However, it is rather unclear when this change took place, 
since already bone measurements from Late Bronze Age layers 
in Brixlegg (Boschin & Riedel 2011) indicate a certain decrease 
in breadth measurements compared to the Early Bronze Age 
data (Fig. 6B), even if neither the differences between the two 
Brixlegg phases nor those between the Late Bronze Age and the 
Iron Age assemblages are statistically significant. At the same 
time, an increasing uniformity of the values, which could in-
dicate changes in the sex distribution, becomes not evident in 
the Late Bronze Age sheep remains from Brixlegg. It is therefore 
quite possible that during the Late Bronze Age a slight decline 
in body size independent of shifting sex ratios took place.

VAl VeNosTA

As one of the main Alpine rivers, the Adige forms a wide, 
initially east-west running valley directly south of the main 
Alpine ridge. Despite its central Alpine location, this region 
of Val Venosta has favourable climatic conditions and was 
therefore an important prehistoric settlement area, where 
sheep breeding has played a major economic role at least from 
the Bronze Age onwards (Fig. 1).

According to the LSI results, body size of the Val Venosta 
sheep underwent a different evolution than in the two regions 
already discussed. In the boxplot graph (Fig. 6C) the medians 
of most assemblages from the Early Bronze Age up to the Late 
Iron Age are at a unique level and diachronic changes between 
c. 2200 and 15 BCE do not become apparent. Also, statisti-
cal testing shows hardly any significant deviations between 
these datasets (Table 3).

The few exceptions include the data from the Late Iron Age 
sites Tartscher Bichl near Tarces/Tartsch and Ganglegg near 
Sluderno/Schluderns (Distr. Bolzano, Italy; Schmitzberger 
2007). Despite overlapping chronologically and being lo-
cated only a few kilometres apart, the sheep from Tartscher 
Bichl were significantly more strongly built than those from 
Ganglegg (Fig. 6C; Table 3). On the other hand, the shoulder 
height of the two populations equalises. Thus, the animals 
from Tartscher Bichl were comparatively more robustly built 
than the contemporaneous conspecifics from the multi-period 
hilltop settlement Ganglegg (Fig. 4.33D, E, .35). With the 

Late Bronze Age occupation phase of the Ganglegg, however, 
one single assemblage from Val Venosta is similar to the ex-
ceptional sheep remains from Tartscher Bichl with regard to 
bone breadth and length measurements. The reason for the 
morphological differences between the sheep from Late Iron 
Age Tartscher Bichl and Late Bronze Age Ganglegg on one 
hand and the conspecifics in all further Val Venosta assem-
blages on the other is unclear. Different patterns in sex distri-
bution are not the likely explanation, since the proportion of 
ewes and rams was diachronically balanced as far as we know 
(Schmitzberger 2007: 631, 632, 642, 663). The import of an 
allochthonous sheep type in the beginning of the Late Bronze 
Age cannot be excluded. This would also explain an increasing 
inhomogeneity in case of the Late Bronze Age Ganglegg data 
(Fig. 6C). Since during the following occupation phase of this 
hilltop settlement the median of the sheep bone measure-
ments decreases again to the level common in the Val Venosta 
obviously from the Early Bronze Age onwards, a sheep type 
of allochthonous origin would have been quickly replaced 
again by the phenotype traditionally common in prehistoric 
Val Venosta. A continuous development from the robust 
Bronze Age animals evidenced for the Ganglegg to the Late 
Iron Age sheep from Tartscher Bichl can also be ruled out, 
since the two populations are separated by some 800 years.

The isArco VAlley

East of Val Venosta stretches the Isarco Valley, which still plays 
an important role as a transalpine trading route, connecting 
the Inn Valley via the Brenner Pass and the Wipp Valley with 
the Adige Valley and finally to the Padanian Plain. Therefore, 
in the Isarco Valley there is also ample archaeological evidence 
for settlements of several Pre- and Protohistoric periods, es-
pecially in the Bressanone Basin (Table 1).

Judging from the archaeozoological data recorded from 
these locations, in contrast to Val Venosta the phenotypic 
development of the regional prehistoric sheep population 
is characterised by clear chronological trends. From the LSI 
boxplot graph (Fig. 6D), we can conclude that the width 
measurements of Middle to Late Bronze Age sheep flocks such 
as those from Laion/Lajen (Distr. Bolzano, Italy; Tecchiati 
et al. 2010) and Sotciastel near Badia/Abtei are at a uniform 
level, while during the Iron Age the values obviously increase. 
This is at least partially confirmed by the statistical test, prov-
ing that some Bronze Age sheep bone assemblages, such as 
Albanbühel near Bressanone/Brixen (Distr. Bolzano, Italy; 
Rizzi 1997), deviate significantly from two large Iron Age 
find units (Riedel 1986; Table 3).

The sheep remains of the Iron Age sacrificial site Castel del 
Porco/Burg Greifenstein (Distr. Bolzano, Italy; Riedel et al. 
2002) and the Early to Middle Bronze Age hilltop settlement 
of Nössing near Varna/Vahrn (Distr. Bolzano, Italy; Riedel & 
Tecchiati 1999) fall somewhat outside this pattern. The reason 
for this is unclear. However, the small sample size may bias the 
LSI results calculated for these sites. This seems all the more 
likely since the statistical comparison of the measurements from 
Nössing with those from Albanbühel showed no statistically 
significant deviation despite the visual difference (Table 3).
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The chronological trends observed of breadth measurements 
are also reflected in the withers height development; as can be 
seen from Figure 4, apart from small find units with severely 
limited sample size, the increase in body height and joint 
width behave proportional to each other.

In the Isarco Valley we also gain insights into the osteometry 
of the pre-Bronze Age sheep population; despite the small sam-
ple size, the values from the Neolithic site Bressanone-Stufles/
Brixen-Stufels (Distr. Bolzano, Italy; Tecchiati & Zanetti 2013) 
show a similar distribution as the Bronze Age measurements 
from this region (Fig. 6D). This also agrees with the results 
of the Wilcoxon rank-sum test, which excludes statistically 
significant differences. This leads to the assumption that the 
sheep of the Isarco Valley were not affected by any phenotypic 
change until the Iron Age.

The Adige VAlley

At today’s Merano/Meran (Distr. Bolzano, Italy), the Adige 
River bends south and forms an increasingly wide valley, 
which finally merges into the Padanian Plain near Lake 
Garda. The prehistoric sheep of this region underwent a 
development similar to that of the Isarco Valley sheep, as 
shown by the LSI analysis, even if slightly chronologically 
misaligned, since sheep breadth measurements were already 
increasing before the Iron Age. This becomes evident from 
the partially statistically significant differences between the 
osteometric data from Early to Middle Bronze Age Ledro 
(Distr. Trento, Italy; Riedel 1976a) and Late Bronze Age 
assemblages such as Vadena/Pfatten (Distr. Bolzano, Italy; 
Riedel 2002) and Appiano/Eppan (Distr. Bolzano, Italy; 
Riedel 2002) (Fig. 6E;  Table 3). According to the distribu-
tion patterns in Figure 4, the increase in joint width in this 
region perfectly corresponds to a growth in withers height. 
Therefore, the osteometric transformation can be seen as 
shift in body size and not in stature. Explaining this devel-
opment as representing the increasing economic importance 
of wethers or rams is not plausible, as at Vadena/Pfatten, for 
instance, females outweighed males (Riedel 2002).

Another characteristic of the sheep bone measurements 
recorded in the Adige Valley sites is the consistently low data 
dispersion (Fig. 6E). If the increase in size during the Late 
Bronze Age had been due to the import of a phenotypi-
cally different livestock type, greater osteometric variability 
would have to be expected (e.g., Trixl & Peters 2019: 551). 
Accordingly, the increase in withers height is likely to be due 
to a change in the local sheep type without crossbreeding of 
allochthonous individuals.

The souTherN AlPiNe FriNge

Analogous results emerge by applying the LSI technique 
on sheep width measurements from prehistoric sites in 
the southernmost of the six separately considered regions. 
Although the majority of faunal assemblages from this region 
contain only a comparatively small number of osteometric 
data for the sheep, from Figure 6F it becomes obvious that 
the joint width in sheep increased from the Late Bronze/
Early Iron Age onwards. Furthermore, the osteometric 

results from the Early Bronze Age settlement of Barche di 
Solferino (Distr. Mantova, Italy; Riedel 1976b), which can 
be considered valid due to the broad material basis of 176 
values, prove that this is not a sample size bias. Those width 
measurements rank somewhat below the values from Late 
Bronze Age Cavalzara (Distr. Verona, Italy; Riedel 1979) 
and Fondo Paviani (Distr. Verona, Italy; Riedel 1979). Even 
more striking is the difference relative to the Late Bronze 
Age data from Terranegra. Finally, the medians of the bone 
measurements recorded for Iron Age sheep populations al-
most entirely range at a significantly higher level than those 
of the Bronze Age assemblages. The only exception is the 
archaeofauna of Santorso (Distr. Vicenza, Italy; Cassoli & 
Tagliacozzo 1991). However, with only seven datasets, this 
is by no means a statistically reliable sample.

The graphical LSI results (Fig. 6F) are mostly confirmed 
by applying the significance test (Table 3); sheep populations 
with large sample sizes such as Terranegra and Castelrotto 
(Distr. Verona, Italy; Riedel 1985a) show significant devia-
tions from their Early and Middle Bronze Age conspecifics. 
In addition, phenotypic continuity between the Copper 
Age and Early Bronze Age sheep becomes obvious from the 
test results. Contradictions between the LSI graph and the 
p-values calculated by using the Wilcoxon rank-sum test 
emerge, especially in comparing small archaeofaunas such as 
Peschiera (Distr. Verona, Italy; Riedel 1982). This may be due 
to sample sizes and thus a data dispersion differing strongly 
from the normal distribution.

For the southernmost zone of the working area, we can 
furthermore note that other than in assemblages with small 
sample size, width measurements and average shoulder height 
of the prehistoric sheep flocks behave approximately propor-
tional to each other (Fig. 4). Thus, between the Copper Age 
and the end of Prehistory, the sheep kept in this area were not 
affected by noticeable changes in body shape, even though 
body size increased significantly.

Identifying the reasons for these chronological altera-
tions in the shoulder height of southern Alpine sheep is 
difficult. It is interesting, in this regard, to observe that at 
Late Bronze Age Terranegra, where the size increase ap-
pears earliest, the data are more dispersed than in Early 
Bronze Age Barche di Solferino. This could be the result 
of crossbreeding local sheep and allochthonous conspe-
cifics of different phenotype. However, it remains uncer-
tain if this assumption is correct, because the increasing 
inhomogeneity of width measurements is only evidenced 
in one single sheep population so far. Changing sex dis-
tribution patterns seem a rather unlikely explanation 
in this case, since in Early Iron Age Castelrotto (Riedel 
1985a: 60) and Late Bronze/Early Iron Age Terranegra 
(Depellegrin et al. 2018: 185) the ratio between rams 
and ewes is rather balanced. This only applies to a limited 
extent to Barche di Solferino, where based on the horn 
cores a slight predominance of ewes becomes apparent, 
while based on Ossa coxae both sexes are almost equally 
frequent (Riedel 1976a: 258). Due to these ambiguous 
observations, it is advisable to recheck the sex distribu-
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tion by means of osteo metry. The LSI values of Terranegra 
and Barche di Solferino are analysed for this purpose, 
by means of a histogram with density distribution curve 
(Figs 7, 8); among the Early Iron Age values, an emphasis 
on stout animals (deviation of –0.14 to –0.11) becomes 
evident, which does not appear in the Early Bronze Age. 
This cluster could represent a new surplus of stoutly built 
males. However, the LSI also shows that the whole Iron 
Age dataset has shifted significantly towards the positive 
range, scattering mostly between –0.14 and –0.07, while 
the Early Bronze Age data cluster ranges predominantly 
between only –0.20 and –0.09. Thus, sex distribution 
seems unlikely to be the sole explanation for the chang-
ing sheep biometry. These changes could also be the result 
of intentional breeding selection at the regional level or 
through improved conditions for sheep husbandry.

sPATio-TemPorAl PATTerNs

We can conclude, from the foregoing, that in the course 
of Prehistory different phenotypic developments occurred 
within the sheep populations of the working area; already 
during the Late Bronze Age, body size had increased in 
sheep herds kept in the Padanian plain, the southern Alpine 
ridge and the Adige Valley. In the Iron Age, this develop-
ment also reached the Isarco Valley, but did not extend 
further north to Val Venosta and the areas beyond the 
main Alpine ridge. In the latter region several small-scale 
developments took place, with the sheep of the lower Inn 
Valley becoming smaller, possibly from the Late Bronze 
Age onwards. At the same time, local growth types with 
different body proportions seem to have emerged at the 
Northern Alpine ridge, as the sheep remains from Farchant 
in particular demonstrate.

This region-specific development of prehistoric Alpine 
sheep triggered the coexistence of different phenotypes 
within the mountain region, with alterations in shoulder 
height and partly also in body shape. Whether these pat-

terns were already rooted in the Neolithic and originate 
from the introduction of different domestic animal types 
via a western and an eastern route (e.g., Pucher & Engl 
1997) remains open to question for the area investigated 
in the present study. Even if certain alterations in biometry 
seem to occur between Neolithic/Copper Age sites located 
in different areas such as Mondsee and Bressanone-Stufles/
Brixen-Stufels (Fig. 9), the reliability of such an observation 
must be doubted due to a small database.

At the latest from the Early Bronze Age onwards, however, 
there is a clear phenotypic difference between the sheep 
from the Inn Valley and their conspecifics from Barche di 
Solferino (Fig. 4.2, .6, .37); the latter were of significantly 
smaller body size than the former population. Between these 
two populations are scattered the measurements recorded 
for Early Bronze Age flocks from the Northern Pre-Alps and 
Limestone Alps, as well as for those from Val Venosta. For 
the Early to Middle Bronze Age assemblages similar patterns 
become apparent, when sheep north of the main Alpine 
ridge and in the Isarco Valley were of noticeably larger size 
than the animals in settlements further south, such as Ledro 
and Cisano (Distr. Verona, Italy; Riedel 1990). During this 
period, phenotypic differences also existed between the Val 
Venosta and the Isarco Valley sheep; the osteometric data 
from the largest Middle Bronze archaeofaunas in these re-
gions, Ganglegg near Sluderno/Schluderns and Albanbühel 
near Bressanone/Brixen, differ statistically significantly from 
each other (Table 3).

These patterns became increasingly blurred and diversified, 
with the various regional changes in sheep biometry that oc-
curred on both sides of the main Alpine ridge from the Late 
Bronze Age onwards. Examples are the Iron Age sheep of 
the southern Alps and the transitional zone to the Padanian 
Plain, reaching significantly higher values in both width and 
length measurements than the Iron Age Inn Valley popula-
tion; the picture observed for the Early Bronze Age has thus 
virtually been reversed.

20

C
ou

nt
s

10

0

–0.24 –0.20 –0.16 –0.12 –0.08
Deviation Barche di Solferino (n = 176)

fig. 7. — LSI of sheep bone width measurements in Early Bronze Age Barche 
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DISCUSSION

oVerView oF reseArch hisTory

Just as faunal remains from Alpine sites became the focus 
of archaeozoological research early on, the discussion about 
regional sheep breeding history also reaches back to at least 
the first half of the 20th century (e.g., Schlosser et al. 1910; 
Amschler 1939; Rueger 1942), and led to the emergence of 
numerous hypotheses on the phenotypic development of 
this indispensable livestock species. Although the volume 
of postcranial osteometric data was still relatively small, first 
regional patterning in width and breadth measurements was 
observed even in this time (e.g., Rueger 1942: 260, 263). 
As an increasing number of faunal assemblages from Northern 
Italy, Austria and Switzerland began to be published from 
the 1960s onwards, the picture of sheep biometry also grew 
more detailed, which is especially true for our knowledge 
of regionally specific developments. Among others, Riedel 
and colleagues observed metrical alterations between sheep 
populations north and south of the main Alpine ridge from 
the Bronze Age onwards (e.g., Riedel 1994: 73; 2003: 221; 
Boschin & Riedel 2011: 600, 601, 608). Another well-
documented feature are size differences between Bronze Age 
sheep of the mountainous region and populations of the 
Alpine foothills, as has been demonstrated for present-day 
Austria (e.g., Schmölcke et al. 2018: 111, 112) and Northern 
Italy (e.g., Riedel 1984b: 272). An increase in withers height 
among the sheep populations of South Tyrol, Trentino, the 
southern Alpine fringe and the Padanian Plain, probably 
starting in the Late Bronze Age and during the Iron Age in 
particular, has also been confirmed in several archaeozoologi-
cal studies (e.g., Riedel 1985a: 60; 1986: 199; 1994: 53, 54, 
73; Schmitzberger 2007: 677; Depellegrin et al. 2018: 186).

The existence of strong regional characteristics in the biom-
etry of prehistoric sheep was also the result of a study by Plüss 
(2007) on the faunal remains from the Bronze Age settlement 
of Cazis near Cresta, one of the largest faunal assemblages 
investigated in the Alpine region so far. Plüss noticed an ex-
tensive similarity of this sheep population from the area of 
present-day Grisons to contemporaneous conspecifics of South 
Tyrol, while the sheep from the Inn Valley were of larger and 
those of the southern Alpine region of smaller body size. She 
furthermore assumes that differences in stature also occurred 
between highland and lowland populations, with the latter 
being of more gracile body shape.

This brief review demonstrates that some of the results 
obtained by LSI and withers height analysis in the present 
paper confirm the outcome of previous works, even if the 
latter applied partly different methods. Other aspects, as 
for example the Iron Age size reduction north of the main 
Alpine ridge as well as a number of previously unknown lo-
cal peculiarities as observed in the Farchant and Val Venosta 
populations, modify and complete our picture of the biometry 
in prehistoric Alpine sheep.

As mentioned in the Introduction, in addition to investi-
gating such spatio-temporal patterns in sheep morphology, 
a second aim of this study is to identify the reasons behind 

these diverse phenotypic developments. In this regard, alter-
ing conditions for sheep husbandry, including aspects such 
as nutrition and livestock mobility, are discussed. These pre-
requisites can depend on environmental conditions such as 
climate and orography on the one hand and anthropogenic 
effects such as the emergence of improved feeding strategies 
on the other, even if ecological shifts and human impact are 
closely entangled with each other. Another possible influenc-
ing factor is the primary economic goal of sheep exploitation, 
which can be the production of meat, milk and wool. Even 
though in many pre-modern societies with rather self-suffi-
cient subsistence systems livestock exploitation was versatile 
and served several goals synchronously in the sense of today’s 
three-purpose breeds, a specialisation in one product is also 
evidenced in some rare cases in Prehistory, such as meat provi-
sion at mining sites (e.g., Saliari et al. 2020). This specialisa-
tion in one animal product such as meat or wool may have 
required distinct physical characteristics obtained by targeted 
breeding selection or crossbreeding with allochthonous live-
stock types, which may be reflected in the osteometric data. 
In addition, specialised exploitation patterns could also have 
led to striking one-sided sexual distribution features within 
the sheep flocks, which can also result in shifts of bone length 
and breadth measurements. Furthermore, cultural transfer 
triggered by the emergence of new exchange networks or 
human migration movements can also have an impact on 
sheep biometry by forming new husbandry systems or by 
establishing new livestock in the Alpine region.

Which of these factors may have had effects on Alpine 
sheep osteometry is discussed in the following paragraphs.

The quesTioN oF climATic iNFlueNces

In addition to environmental settings such as orography and 
soil quality, climate significantly shapes the conditions for 
livestock farming; rainfall and temperature influence the ex-
tent of potentially pasturable land and affect the quality and 
quantity of summer and winter fodder. Thus, climate change 
can cause massive systemic changes not only in present-day 

fig. 9. — LSI of sheep bone width measurements in Neolithic/Copper Age 
archaeofaunas. For the results of the significance test, see Table 3.
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agriculture (e.g., Cai et al. 2015), but may have done so in 
pre-modern subsistence strategies, too (e.g., Huntley et al. 
2002). Since the extent and quality of fodder can further in-
fluence the size and stature of animals (e.g., Fritz 1928), the 
question arises if the phenotypic development in Alpine sheep 
reflects nutritional alterations caused by climatic fluctuations.

Several forms of regional bioarchaeological records such as 
pollen diagrams as well as lake level and tree boundary fluc-
tuations, combined with global data, provide insight into the 
climate history of the Alps. By means of this interdisciplinary 
approach, a period of climatic instability has been observed 
for the timespan between c. 3700 and 3200 BCE (Rotmoos II 
fluctuation). The Early Bronze Age (c. 2200-1550 BCE) 
was characterised rather by stable and mild climatic condi-
tions, followed by a phase of high precipitation and lower 
annual average temperatures during the Middle Bronze Age 
(c. 1550-1300 BCE). The warmer Period of the Late Bronze 
Age, which is also referred to as Urnfield Period (c. 1300-
850 BCE), was also followed by a cooling from about 850 
BCE onwards (e.g., Nicolussi et al. 2005; Magny et al. 2009; 
Oeggl & Nicolussi 2009).

Since the archaeozoological record synchronous with 
the Rotmoos II fluctuation is scanty for the working area 
(Table 1), considerations about connections between cli-
mate, fodder supply and phenotypic development of sheep 
are limited to the Bronze and Iron Ages. However, for the 
period between c. 2200 BCE and 100-15 BCE, patterns in 
the distribution of osteometric data do not show any altera-
tions, which could be paralleled with the climatic variations 
described above. A good example of this is the development 
of the Early to Middle Bronze Age sheep population of the 
Northern Limestone Alps and Upper Inn Valley. As indi-
cated by Figure 6A, for these animals a decrease in joint 
width measurements, which could be expected in the case 
of a significant deterioraion of the nutritional situation, is 
not evidenced in the course of the 2nd millennium BCE. 
This also applies to the sheep populations synchronously 
reared in Val Venosta (Fig. 6C) as well as the Isarco Valley 
(Fig. 6D), and is even more true of the southern Alpine bone 
assemblages, where no negative trend is to be observed in 
length and width measurements (Figs 4; 6F).

From this, we can conclude that a drop in average tempera-
ture had no apparent effect on the size and stature of Alpine 
sheep. However, this is not surprising when one considers 
that decreasing temperatures did not necessarily mean a dete-
rioration in the conditions for Alpine livestock farming; one 
major effect of climatic cooling is a lowering of the Alpine 
tree line, through which naturally treeless pasture areas in the 
uplands expanded. Indeed, an increasing number of high-
altitude archaeological sites dating to the Middle Bronze Age 
indicate that an intensification of human economic activi-
ties was linked to the spread of potentially pasturable land 
(e.g., Pindur et al. 2007). In some regions, the additional food 
supply may therefore even have improved the nutrition of 
Alpine sheep during the middle of the 2nd millennium BCE. 
Furthermore, Bronze Age settlement activity in the Alps in 
general did not obviously decline at all during the climatic 

fluctuations (Oeggl & Nicolussi 2009: 81-83). Under these 
conditions, in terms of economic resilience, even an increasing 
focus on livestock farming in the high mountains could have 
compensated for possible economic losses in the valley areas.

PhysiologicAl AdAPTioN To AlPiNe PAsTuriNg?
Assuming an intensified exploitation of high-altitude zones 
from the Bronze Age onwards leads to another aspect to be 
considered as potentially influencing the biometry of Alpine 
sheep: the emergence of mobile forms in livestock farming, 
such as transhumance or Alpine pasturing, when domestic 
ruminants were seasonally driven from the permanently 
settled valleys to high altitude pastures during the summer. 
Rueger (1942: 260) already supposed that the stout stature 
of the Bronze Age sheep from the Crestaulta site (Distr. 
Grisons, Switzerland) could be an adaptation to roaming in 
steep mountainous areas. Plüss (2007) suggested a similar 
explanation in view of the phenotypic differences between 
lowland and Alpine sheep populations. In addition to this 
archaeozoological record, Mysterud (1999) worked out that 
a diversification in forage supply associated with the seasonal 
change of altitudinal zones might have a positive effect on 
diet and thus on body size of present-day wild ruminants. 
Therefore, seasonal vertical mobility might have had similar 
effects on the shoulder height of prehistoric domestic live-
stock (Plüss 2007).

Among the numerous concepts of mobile livestock farming, 
Alpine pasturing and transhumance in particular are significant 
for the (Pre-) history of Central European mountain areas. 
Transhumance refers to the seasonal movement of livestock 
over long distances, which serves to relieve the economic 
pressure on areas close to the home estates and to generate 
additional production surpluses (e.g., Reitmaier 2010: 222-
224). Both horizontal and vertical transhumance are known. 
Seasonal vertical mobility is also of central importance for the 
concept of Alpine pasturing. However, in this form of Alpine 
livestock farming, the high pastures visited in spring and 
summer are usually much closer to the home farms where the 
herds are kept during the advanced autumn, winter and early 
spring months. This implies a very close economic connec-
tion between the home farms and the high-altitude grassland 
zone (e.g., Werner 1981: 10; Reitmaier 2010: 222-224; Trixl 
2019: 197, 198).

The origin and history of mobile livestock farming in the 
Alps is still the subject of lively discussion. A Copper Age 
glacial mummy recovered in the Ötztal Alps in particular 
gave reason to assume transhumance occurring in the Alps 
as early as the 4th millennium BCE (e.g., Spindler 2005). 
However, this view has been increasingly criticised in recent 
years. Various aspects, such as the absence of any compul-
sion for long-distance herding, militate against this form of 
animal husbandry in Alpine Prehistory (e.g., Plüss 2007; 
Putzer & Festi 2014: 68; Trixl 2019: 200). However, even if 
transhumance in the narrower sense may be proven to have 
been rather unlikely in Prehistory, the results of research in 
different archaeological disciplines nevertheless suggest that 
in parts of the Alps seasonal use of high pastures was already 
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taking place in the Neolithic or Copper Age (e.g., Kühn & 
Hadorn 2004: 348; Walsh & Mocci 2011: 109). As already 
mentioned, Alpine pasturing intensified during the Middle 
Bronze Age which, apart from climatic changes, could also 
have been due to an increased demand for animal products in 
the context of large-scale copper and salt mining (e.g., Mandl 
2006; Pindur et al. 2007). Apparently, after human impact at 
high altitudes had declined somewhat during the Late Bronze 
Age, the Iron Age witnessed an increased economic presence 
of humans in the upland zones (e.g., Steiner et al. 2009: 500).

If frequent and regular grazing in high altitude zones really 
had a significant effect on sheep morphology, one would expect 
on one hand phenotypic changes during periods characterised 
by an intensification of Alpine pasturing, and on the other 
hand general morphological differences between lowland and 
upland populations.

In fact, mountainous livestock farming appears to affect 
sheep biometry, whether through improved nutrition in the 
course of seasonal mobility (Mysterud 1999) or through an 
adaptation of the locomotor system. This becomes obvious 
by osteometrically comparing Alpine sheep and those of 
the Northern Alpine foreland, which demonstrates that the 
mountainous populations differ from their conspecifics kept 
in Bronze and Iron Age lowland sites such as Manching (Distr. 
Pfaffenhofen, Germany; Boessneck et al. 1971), Hochdorf 
(Distr. Ludwigsburg, Germany; Schatz 2009), Freising (Distr. 
Freising, Germany; Manhart 2004) and Heuneburg near 
Hundersingen (Distr. Sigmaringen, Germany; e.g., McEneaney-
Schneider 1984). It becomes apparent from Figure 4 that with 
regard to width measurements the sheep from the three first-
mentioned lowland sites rank below those from Bronze and 
Iron Age assemblages in the Alpine region. The comparison 
of withers height and breadth measurements indicates that 
these differences were limited to body size, while the stature 
of most Alpine and lowland populations is comparable. The 
situation in the area of present-day Northern Italy is quite 
similar, as becomes apparent from the data obtained in the 
lowland assemblage of Barche di Solferino, where Bronze 
Age sheep were decisively smaller than in the Southern Alps 
(Fig. 4.2). An exception to this pattern is the Heuneburg 
sheep population; despite its location far north of the Alps, 
this Iron Age assemblage includes sheep remains which sug-
gest a morphotype of above-average size and also strikingly 
slender stature (Fig. 4O). However, this could be due to a 
high percentage of castrated males. This approach is discussed 
in greater detail below.

The question of how far back morphological differences 
between Alpine and lowland sheep go has to remain open, as 
an osteometric comparison is not possible for the Neolithic 
and Copper Age due to a lack of data from the Alpine foot-
hills. It is furthermore difficult to evaluate if an intensifica-
tion of human impact in high altitude zones, occurring for 
example in the Middle Bronze Age, had an impact on the 
size or stature development of Alpine sheep. The LSI results 
at least do not show any supra-regional increase in body size 
during this period (Fig. 6A-F). Rather, local morphological 
developments prevail, as explained in the Results section. 

In this regard, it is important to bear in mind that, even if 
we can reconstruct large-scale trends in the history of Alpine 
pasturing, small-scale palaeo-economic or palaeo-ecologic 
developments in the surroundings of most archaeofaunas 
considered here are difficult to grasp. Thus, we can assume 
that numerous factors influenced livestock farming in general 
and the significance of seasonal animal mobility in particular, 
on a micro-regional level.

This is well illustrated by the Iron Age sheep population 
from Farchant in North Alpine Loisach Valley, which is 
characterised by an exceptionally robust stature (Figs 4.17; 
6A). Another distinctive feature of this sheep bone assem-
blage is the high degree of exostosis occurring at joint ends 
of long bones and phalanges in particular (Trixl in press). 
Archaeozoological evidence for similar lesions comes from the 
Upper Palaeolithic site grotte de la Vache (Distr. Charente, 
France; Lignereux et al. 1995), which stands out due to a 
high number of ibex individuals of quite advanced age. Those 
animals show comparable exostoses at their joint ends, which 
bear evidence of a strong strain on the locomotor system due 
to lifelong roaming on precipitous terrain (Lignereux et al. 
1995). From this comparison one can conclude that grazing in 
steep mountainous zones played an extraordinary role for the 
sheep kept in the Iron Age Loisach Valley also. This could be 
the explanation for the remarkably robust body shape of this 
local sheep type, as Rueger (1942: 260) also supposed for the 
conspecifics from Crestaulta. The reason for an extraordinary 
importance of high-altitude grazing may be the topography 
of the Loisach Valley; its bottom, dominated by the Loisach 
River, offered few permanently cultivable areas in Prehistory. 
Furthermore, in contrast to most valleys considered in this 
study, large terraces at low mountain levels are also missing. 
Therefore, areas suitable for grain farming and settlements 
were largely limited to some alluvial fans piled up by streams 
flowing sideways into the valley. Under these circumstances, 
extensive use of the high pastures was necessary in order to 
guarantee a secure supply of plant and animal products.

PATTerNs iN sex disTribuTioN

As outlined above, economic specialisation in meat, milk or 
wool exploitation can require distinct sexual distribution pat-
terns in sheep herds. Due to biometric sexual dimorphism, 
the dominance of either rams or ewes in prehistoric sheep 
flocks can also have an effect on osteometric data.

For livestock systems focussing on dairy farming, a domi-
nance of females can be assumed, whereas wool farming 
requires a balanced presence of both sexes. For the males, 
castration is also an option, as it results in some advantages 
such as a calmer temperament and higher fattening potential. 
A high proportion of castrated males is also the characteristic 
of a population primarily serving meat provision. This is all 
the more true for settlement communities, which were sup-
plied with commercial surpluses from specialised producer 
sites (e.g., Pucher 1999b; Grömer & Saliari 2018: 137). This 
supply includes above all the male livestock, as these were 
needed to a lesser extent for herd maintenance than females 
(e.g., Pucher 1999b: 124).
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Osteometric evidence for the latter supply system comes 
from the sheep remains recovered at the Iron Age site of 
Dürrnberg; according to LSI results and withers height 
calculation, these animals were characterised not only by 
their remarkable body size, but also by an extraordinarily 
slender build (Figs 4.12-14;  6A). Since castration and the 
resulting delay in epiphyseal fusion prolong the growth in 
length of some skeleton elements (Davis 2000), a high shoul-
der height together with slender build can be characteristic 
of gelded males. Thus, from the distribution of width and 
breadth measurements recorded for the Dürrnberg sheep, 
we can conclude that the proportion of neutered rams 
was above average at this site. This reflects the exceptional 
economic role of this place (e.g., Grömer & Saliari 2018: 
137). Being specialised in salt mining, the inhabitants of 
this large Late Iron Age settlement did not maintain their 
own system of food production, but were primarily provided 
with livestock from surrounding producer sites. This may 
also explain the exceptional morphology of the Heuneburg 
sheep in the Northern Alpine foreland; as central place of 
proto-urban character, the supply of animals from the wider 
surroundings probably also played an important role for the 
Heuneburg, as evidenced for cattle also by stable isotope 
analysis (Stephan 2009: 72).

Returning to the Alps, the Early Bronze Age had already 
witnessed large-scale mining activities, as extensive evi-
dence of copper exploitation in the Inn Valley demonstrates 
(Schibler et al. 2011). According to the archaeological and 
zooarchaeological records, food supply by external produc-
ers is also evident for the Bronze Age mining communities 
(e.g., Schibler et al. 2011: 1273, 1274), as detected at Brixlegg, 
for example. Young animals predominantly were slaughtered 
at this site, and the ratio between males and females is bal-
anced, indicating an economic emphasis on the consump-
tion rather than production of animal goods (e.g., Riedel 
2003: 221). In the late Iron Age, mining activities in the Inn 
Valley had stopped, and highly specialised production was 
replaced by subsistence strategies relying on self-sufficient 
supply, in which dairy farming played a greater role. This 
is evident from the fact that in Late Iron Age assemblages 
females prevail, and slaughter age had shifted in favour of 
aged individuals (Trixl 2019: 59; Trixl pers. comm.). At the 
same time, a strong decrease in average sizes compared to the 
Bronze Age can be observed (Figs 4.3, .28; 6B). Obviously, 
the transformation of the economic system caused a change 
in the ratio between rams and ewes, which finally resulted 
in a significant decrease of length and width measurements.

The strong differences between the Copper and Bronze Age 
sheep populations of the Northern Pre-Alps and Limestone 
Alps (Figs 4.11, .23, .30;  6A) could also be related to a simi-
lar process; for the 4th millennium BCE archaeofauna from 
Mondsee, Pucher & Engl (1997: 24) noticed a massive pre-
dominance of females among the small domestic ruminants. 
In Bronze Age settlements such as Cresta Cazis (Plüss 2007) 
and Saalfelden (Pucher 2019: 49), a balanced sex ratio or 
even a dominance of males became apparent. The reason for 
this is elaborated below.

wool ecoNomy: AN iNFlueNciNg FAcTor 
oN sheeP biomeTry?
Wool economy also comes into the reckoning as an influ-
encing factor in the phenotypic development of Alpine 
sheep; earlier studies have explained increasing body size 
in sheep of different periods as being due to the enhanced 
importance of wool and the consequent introduction of 
wool sheep to Central and Eastern Europe. Bökönyi (1974: 
169-171), for example, assumed this for parts of Hungary, 
where a sudden increase in withers height became apparent 
during the second half of the 4th millennium BCE. For the 
Alpine region, however, the latest archaeozoological inves-
tigations have cast doubt on the import of allochthonous 
phenotypes. Using osteometric data, they conclude that wool 
sheep developed from autochthonous populations by local 
breeding selection (e.g., Grömer & Saliari 2018: 135, 136; 
Schmölcke et al. 2018: 107).

According to age and sex distribution patterns in sheep 
in combination with textile archaeological results, the use 
of wool in the Central Alps and their foothills started at the 
end of the Neolithic and the initial phase of the Bronze Age. 
Subsequently, wool exploitation intensified until the Middle 
Bronze Age (e.g., Deschler-Erb et al. 2015: 368, 369; De Grossi 
Mazzorin & Solinas 2018: 196, 197; Grömer & Saliari 2018: 
139; Schmölcke et al. 2018: 126). After wool had advanced 
to become the most important textile material in the course 
of the Bronze Age, fine wool fibres also increasingly appeared, 
especially in the Hallstatt Period, which could be obtained 
either through targeted breeding selection from local stocks 
or through the introduction of allochthonous sheep types 
(Grömer & Saliari 2018: 147, 148).

The use of their fleece may possibly have affected the biom-
etry of the sheep in the study area in three ways: firstly, the 
emergence of wool sheep, whether by introducing non-local 
individuals or by local breeding selection, could have led to 
changes in the physical characteristics of Alpine populations, for 
example by raising the average shoulder height (e.g., Bökönyi 
1974: 169-171). Secondly, a connection with nutrition must 
also be discussed, as wool growth rates depend decisively on 
fodder quantity and quality; for example, a protein-rich diet 
has a positive effect on the formation of wool fibre (Winder 
et al. 1995). Since nutrition also influences body size de-
velopment (e.g., Fritz 1928), it is conceivable that new ap-
proaches to animal nutrition, which may have developed in 
the context of wool farming, might have had an effect on 
sheep biometry. Thirdly, we also have to consider that a shift 
in sex distribution patterns, as described above, could have 
occurred with the emergence of a wool economy (Halstead & 
Isaakidou 2011: 68).

The results on the development of length and breadth 
measurements (Fig. 4) confirm that the emergence of the 
Alpine wool economy from the Early and Middle Bronze 
Age onwards was not based on the introduction of alloch-
thonous sheep of different physical qualities. This implies the 
sparse Neolithic and Copper Age data from the areas south 
of the main Alpine ridge (Fig. 6D, F), which indicate a con-
tinuous development rather than a progressive size increase 
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between the 5th-4th millennia BCE and the Middle Bronze 
Age. At the Northern edge of the Alps, the situation seems 
different (Fig. 6A); the Copper Age values from the Mondsee 
site rank significantly below the sheep bone measurements 
of all Bronze and Iron Age faunal assemblages of this region. 
However, as explained above, this probably results from an 
increasing proportion of males in Bronze Age sheep flocks. 
Thus, even if the occurrence of allochthonous sheep seems 
implausible, the enhanced importance of rams or wethers 
could in fact reflect the additional role of sheep as providers 
of textile fibre.

Moreover, in the Bronze and Iron Ages there is no supra-
regional trend in the phenotypic development of the sheep 
that would suggest the importation of allochthonous mor-
photypes (Fig. 6A-F). Osteometrically, such a process would 
manifest itself in trans-local and synchronous changes in 
body size or stature. Furthermore, intra-site distribution 
in osteometric data argues against the extensive import of 
a morphologically different type of wool sheep: a detailed 
examination of significant find complexes of the Early to 
Middle Bronze Age by using histograms with density dis-
tribution curves reveals that neither to the north nor to 
the south of the main Alpine ridge do specific distribution 
patterns occur that can be interpreted as the co-existence 
of different phenotypes (Figs 7;  10). Nevertheless, it cannot 

be ruled out that local breeding efforts were undertaken in 
order to enhance the quality or quantity of fleece of single 
sheep populations. This is conceivable in the case of spa-
tially and temporally isolated morphological patterns, such 
as those evident in Nössing (Fig. 6D), in the Late Bronze 
Age occupation phase of the Ganglegg near Sluderno/
Schluderns and at the Iron Age site Tartscher Bichl near 
Tarces/Tartsch (Fig. 6C). In this context, it is important to 
bear in mind that wool was the most important raw mate-
rial for textiles in the Bronze and Iron Ages, which in turn 
were an essential component of the Metal Ages’ clothing 
(e.g., Grömer & Mautendorfer 2008). Although due to 
poor preservation conditions for organic material insights 
into regional peculiarities of prehistoric dressing styles are 
usually limited to metal dress components such as brooches, 
it seems conceivable that characteristic types of fabric were 
also part of distinctive regional costumes. Therefore, as 
raw material also wool could show regional characteristics 
in terms of fibre length or the ratio of coarse awn hairs to 
finer undercoat, which may also explain different breeding 
efforts in individual micro-regions.

As for the initial phase of the wool economy, earlier stud-
ies have discussed a connection between the development 
of textile production and sheep morphology for the Iron 
Age also (e.g., Riedel 1986, 1994); in the course of the 
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1st millennium BCE, a size increase was noted for sheep in 
the Padanian Plain and the southern Alps. One explanation 
was the import of a large-grown and fine-wooled pheno-
types from Etruria or from the Greek colonies in Upper 
Italy (Riedel 1986). However, the now much broader data 
base for Central and Northern Italy as well as the Alpine 
region allows different conclusions. In fact, as discussed 
earlier, the sheep population of the Isarco Valley grew in 
body size during the Iron Age (Fig. 6D). Further south in 
the Adige Valley, however, this size increase had already 
occurred in the Late Bronze Age and thus long before the 
establishment of Greek and Etruscan settlements in Upper 
Italy (Fig. 6E, F). Furthermore, the homogeneity observed 
in osteometric data, which is especially evident in the find 
complexes of the Adige Valley, indicates that an influence 
of non-local sheep types is implausible during the periods 
of growing shoulder height.

This size increase in Alpine sheep south of the main Alpine 
ridge could be part of a development of much greater regional 
significance, as shown by extensive osteometric studies on 
the prehistoric sheep of the Apennine Peninsula: an increase 
in withers height apparently also occurred in Northern and 
Central Italy, which, as in the Adige Valley, started as early as 
the Late Bronze Age or even at the end of the Middle Bronze 
Age (De Grossi Mazzorin & Solinas 2013; Trentacoste et al. 
2018; De Grossi Mazzorin & Minniti 2019a, b). The bio-
metric data reveal that the phenotypic changes also in these 
areas were more the result of local breeding efforts than due 
to the introduction of non-local sheep types. However, the 
reason for the supra-regional morphological change remains 
unclear. Besides altering husbandry conditions, new economic 
demands on the animals in terms of increased milk yield have 
already been discussed (e.g., Trentacoste et al. 2018: 24). Also, 
an intentional improvement in sheep nutrition in the light 
of an increased demand for (finer) wool cannot be excluded. 
However, this hypothesis needs to be tested in future studies.

The iNFlueNce oF AllochThoNous sheeP TyPes

Even if the introduction of allochthonous phenotypes 
seems a rather unlikely explanation for the alteration in 
sheep morphology during the Bronze and Iron Ages in 
the southern Alps, there could have been at least a supra-
regional exchange of single individuals without lasting 
impact on local Alpine populations. One such example is 
known from the Iron Age occupation phase of the Ganglegg 
near Sluderno/Schluderns, where Schmitzberger (2007: 
678) assumes that a single Talus of exceptional size may 
signify an individual imported from Roman Italy. Also, 
the few positive outliers in the LSI graphs (Fig. 6) could 
indicate the presence of single large-sized individuals of 
non-local origin. A good example for this is the Iron Age 
site of Castelrotto in the Lessinian Mountains (Fig. 6F), 
whose archaeological find material reveals strong connec-
tions to the Etruscan and Greek networks of Upper Italy 
(Riedel 1985a: 55). One single breadth measurement, 
which represents a strikingly large individual, indicates 
that exchange activities possibly not only included ceram-
ics but also animals from time to time.

In contrast, hints of a large-scale transfer of sheep come from 
Bronze Age bone assemblages in the Inn Valley. As described 
above, a massive reduction of average body dimensions becomes 
apparent for the Iron Age sheep of this region, a development 
for which not phenotypic changes but rather a shift in the 
sexual distribution is responsible. However, a certain decline 
in withers height had apparently already set in during the 
Late Bronze Age, as demonstrated by a comparison of Early 
and Late Bronze Age sheep remains from the mining site of 
Brixlegg (Fig. 6B). Since, in contrast to the Iron Age, no shift 
in subsistence strategies from specialised supply structures to 
self-sufficient production is discernible in this case (Boschin & 
Riedel 2011), it is unlikely that shifting sex distribution pat-
terns are the reason for the decrease in breadth measurements. 
A more likely explanation may lie in the cultural change during 
the Late Bronze Age, when a strong influence from the Northern 
Alpine foothills is assumed in the Inn valley, which could be 
based on cultural transfer, migration or a combination of both 
models (e.g., Grupe et al. 2017: 233-241). Interestingly, an LSI 
comparison between the Bronze Age sheep of the Inn Valley 
and the contemporaneous site of Freising, which is located in 
the Northern Alpine foreland, reveals good correspondence 
between both populations (Fig. 11; Table 3). It can therefore 
be hypothesised that the introduction of a new sheep type 
from the region north of the Alps also constituted a part of the 
Late Bronze Age cultural change in the Inn Valley. A similar 
assumption has already been made for cattle in earlier studies 
(e.g., Boschin & Riedel 2011: 599, 600, 608).

CONCLUSION

As demonstrated in the discussion, a large variety of fac-
tors underlie osteometric patterning in prehistoric Alpine 
sheep populations, some of which have an effect only at 
very micro-regional levels. In addition to physiological 

fig. 11. — The Bronze Age sheep populations of the Northern Alpine Foreland 
and the Inn Valley in LSI comparison. For the results of the significance test, 
see Table 3.
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adaptations to Alpine environments and improvements 
in livestock nutrition, we also have to consider alterations 
in the ratio of ewes and rams, which are independent of 
real morphological changes. Also, the exchange and mo-
bility of livestock may have played a role in phenotypic 
develop ments, as shown by the Bronze Age data from the 
Inn Valley archaeofaunas.

In many cases, however, it is difficult to find a clear ex-
planation for spatial or temporal patterns in Alpine sheep 
biometry. This is not least due to close interactions between 
the influencing parameters, which are often hardly compre-
hensible by means of the archaeological or archaeozoological 
records. A good example of this is the question of the wool 
economy; it has been shown above that although it is unlikely 
that the introduction of phenotypically different wool sheep 
contributed significantly to establishing wool exploitation 
in the Alps (see also Schmölcke et al. 2018: 107), never-
theless we can note a shift in the osteometric data from the 
Neolithic/Copper Age to the Bronze Age in the Northern 
Alps. This may be due to increasing numbers of males kept 
for wool production. At the same time, we cannot rule out 
that nutrition in connection with the emergence of wool 
exploitation also had an influence on sheep biometry, since 
herders had to provide their animals with a sufficient amount 
of protein-rich fodder in order to gain satisfactory wool 
quality and quantity (e.g., Winder et al. 1995). However, 
it is also conceivable that livestock nutrition improved not 
only as a result of intensifying wool exploitation, but also 
for other reasons, such as an expansion and diversification 
of grazing lands due to enhanced access to pastures at high 
altitude consequent upon climatic alterations. It even seems 
possible that climate and wool exploitation were directly 
related, in that the expansion of high-altitude pastureland 
as a result of the Middle Bronze Age cooling resulted in 
improved fodder supply for the sheep, which contributed 
to enhancing the amount and quality of wool.

In addition to the possibility of such complex entanglements 
between several human and environmental factors, an overall 
picture of the biometry in Alpine sheep is furthermore dif-
ficult to draw due to the local and micro-regional variability 
of osteometric patterns; long-term continuous developments 
contrast with different forms of phenotypic changes in neigh-
bouring populations, as a comparison of the situation in the 
Inn Valley, Val Venosta and Isarco Valley shows.

Even if an exchange between some sheep populations 
may have taken place in rare cases, such as between the 
Inn Valley and the Northern Alpine foreland, locally based 
breeding efforts or shifts in economic structures are most 
probably the explanation for the numerous processes 
of osteometric changes in Alpine sheep. The sheep can 
therefore be seen as a livestock animal perfectly adapted 
to local conditions and needs, whose breeding generally 
did not require large-scale genetic exchange. This resulted 
in region-specific phenotypes. In the case of the Middle 
Bronze Age Inn Valley, it is apparent that the morphologi-
cal differences between the sheep populations may even 
correspond to regional patterns in material culture; the 

population of the Upper Inn Valley resembles the animals 
kept in the area of  present-day Grisons much more than 
the conspecifics of the Lower Inn Valley (Fig. 6A, B), which 
were of significantly larger body size. At the same time, the 
material culture shows that the Upper Inn Valley was more 
strongly connected to the Inner Alpine Bronze Age culture 
of Grisons than to the region in the immediate vicinity of 
today's Innsbruck (Rageth 1986).

If we want to understand the history of the Alpine sheep 
in its entirety, it is therefore necessary to first obtain as 
precise a picture as possible of the development in indi-
vidual micro-regions. Even if this is already possible to 
some extent, as demonstrated by the present study, there 
are still large gaps in both spatial and chronological terms 
in our knowledge of sheep breeding history in the Alps. 
It is therefore to be hoped that future material analysis will 
further improve the state of archaeozoological research in 
the areas that have so far been only rudimentarily scien-
tifically explored. However, also applying methods beyond 
osteometrics promises new results. In the case of Bronze Age 
sheep populations in Central Asia, for example, geometric 
morphometrics on the Talus recently made it possible to 
distinguish sheep populations kept in mountainous regions 
from lowland flocks (Haruda et al. 2019). Such an approach 
could also help to evaluate the influence of high-altitude 
grazing on sheep morphology in the Alps, beyond mere 
body size alterations. Building on the results of osteomet-
rics and morphometrics, invasive molecular-biological 
approaches such as aDNA and stable isotope analysis too 
have the potential to provide more detailed insights into 
the role of allochthonous breeding lines, changing patterns 
of sheep exploitation and alterations in animal husbandry 
conditions (e.g., Valenzuela-Lamas et al. 2021). Thus, we 
may expect further archaeozoological results on prehistoric 
Alpine sheep, which will contribute to understanding the 
human-animal relationship in one of the most important 
transit and cultural regions in Europe.
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