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Abstract

Cattle were the most common domestic livestock animal throughout much of the Neolithic period in the area now
occupied by modern day Switzerland, home to a significant number of sites dating to between approximately 4400
and 2500 cal BC. Many of these sites were located in wetland locations, resulting in very well-preserved large faunal
assemblages which can be dated using dendrochronology with rare precision. This region is also particularly important
for our knowledge of the spread of culture and innovation through Central Europe during the Neolithic period—its
topography results in a natural corridor through which influences travelled from both the east and west. This study is the
first to combine cattle data from across the whole of Switzerland, focusing on %NISP and biometrical data, in order to
investigate how cattle husbandry changed over time, comparing the east and west of the region. A number of different
temporal scales are used in order to look for broad patterns and then focus in for more detail. Results indicate that there
is a clear correlation between %NISP and body size of cattle throughout much of the Swiss Neolithic and that cattle
husbandry changed broadly in line with perceived cultural changes in both the east and west. Of particular interest is a
clear increase in both %NISP and body size around the time of the introduction of the Corded Ware culture, contrary to
the general pattern of cattle body size decrease seen across Europe at this time. This change is seen, however, in the west
of Switzerland prior to the east and raises questions around alternative origins and areas of influence. Either way, the
most likely explanation for the increase in cattle size is the introduction of a new population (or populations) of larger
cattle into the region, which are incorporated into herds over a few hundred years, providing perhaps some of the earliest
evidence for cattle “improvement” in Europe.
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Introduction

Switzerland is home to a large number of Late Neolithic sites
dating to between c4400 and 2500 cal BC1. A high propor-
tion of these sites are located in wetland environments, pri-

marily situated on lake shores, and as a result have excellent
organic preservation, producing large, well-preserved
zooarchaeological and archaeobotanical assemblages. These
sites have also regularly yielded wood which has been used to
date settlement layers precisely using dendrochronology,
sometimes to within decades or even years. Additionally,
the position of Switzerland and its topography is highly sig-
nificant for our knowledge of the spread of ideas during the
Neolithic period. The Alps in the south east of the country
and the Jura to the north west create a topographic corridor
running from the north east to the south west, linking Central
Europe to the Mediterranean, through which cultural influ-
ence could have travelled in both directions (Fig. 1).
Evidence from material culture, for example, has suggested
that eastern Switzerland was more influenced by the cultures

1 In this paper “Late Neolithic” refers to the time period made up of what is
known as the “Jungneolithikum”, “Spätneolithikum” and Endneolithikum” in
Swiss archaeology. Chronology tables for the Neolithic period in Switzerland
can be found in Jacomet (2007) and Schibler (2013).
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of Central Europe, and western Switzerland was more influ-
enced by the cultures of the Mediterranean region during this
time (Stöckli et al. 1995).

The combination of these factors provide an excellent op-
portunity to study the organic assemblages from these sites
looking at relatively fine time slices, in order to inform our
knowledge about the spread of agricultural innovation
through Central Europe at the time. This paper presents some
results from the first zooarchaeological study to combine all
available %NISP and biometrical cattle data from Swiss
Neolithic sites, using time slices at different scales of precision
in order to track changes in cattle husbandry through time.

Hunting and animal husbandry as part of the Late
Neolithic economy in Switzerland

A large amount of work has been undertaken on
zooarchaeological assemblages from Swiss Late Neolithic
sites over the last 40 years, with much of this being completed
at the Institute of Integrative Prehistory and Archaeological
Science (IPAS) at the University of Basel. Remains of both
wild and domesticated animals were deposited at these sites,
and wild animals make up particularly high proportions of
faunal assemblages especially before 3400 cal BC, with red
deer the most common hunted species across the whole region
(Hüster-Plogmann et al. 1999a; Schibler 2006; Schibler and

Jacomet 2010; Schibler 2017). The importance of hunting
fluctuates during this time, however, with peaks in hunting
activity thought to be related to short-term climatic fluctua-
tions (Arbogast et al. 2006; Schibler 2006; Schibler et al.
1997a; Schibler and Jacomet 2010). Past work has concentrat-
ed extensively on the role of red deer, which is one reason for
the focus on domestic livestock in this work.

Domestic livestock animals, cattle, pigs and caprines, also
played an important role throughout the Late Neolithic period.
Cattle were on average the most common domestic livestock
species, although there were fluctuations in their importance
in relation to other species through time (see below). In earlier
periods, between c4300 and 4000 cal BC, caprines seem to
have had a relatively high importance, particularly in areas of
western Switzerland such as the Rhone valley, which is
thought to be related to a combination of a strong
Mediterranean influence and topography (Schibler 2006).
After this, caprines tend to be less prevalent, particularly in
eastern Switzerland, until around the time of the introduction
of Corded Ware from around 2800 cal BC where proportions
start to increase again, up to quite high levels in the Bronze
Age. This is thought to be related to the introduction of a new
kind of sheep for wool production at this time (Schibler 1997).

Pigs were more regularly present across the whole Late
Neolithic period than caprines and seem to have been of par-
ticular importance during the Horgen period between c3400

Fig. 1 Map of sites included in this study. The line indicates which sites were included in the western group (on the left) and the eastern group (to the
right) for analysis
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and 2800 cal BC, where they are represented by higher pro-
portions of faunal remains than cattle at settlements across the
whole of Switzerland (Schibler 2006). This change in eco-
nomic focus seems to have been more acute and have begun
earlier in eastern Switzerland than in the west. Proportionally
pigs then decrease in importance from 2800 cal BC onwards,
although bone density data (see Schibler et al. 1997a, 1997b)
suggests that this pattern is mainly due to an increase in the
proportion of cattle remains at this time, and that pig herds
continued to be a similar size (Schibler 2006).

Cattle in Late Neolithic Switzerland

Both domestic and wild cattle were exploited in Switzerland
during the Late Neolithic period. However, aurochs tend to be
present in relatively small numbers and did not seem to play a
very large part in subsistence practices at most sites (Hüster-
Plogmann et al. 1999b). There are a few exceptions to this,
however, particularly prior to 3400 cal BC, such as at the sites
around the lake of Burgäschisee, in central Switzerland, where
aurochs remains are particularly prevalent (Boessneck et al.
1963; Stampfli 1964; Schäfer and Schibler, In Prep.). At these
sites, aurochs are particularly common during periods of high
levels of hunting activity, thought to be related to the climatic
fluctuations previously mentioned above (Arbogast et al.
2006; Schibler 2006; Schibler et al. 1997a; Schibler and
Jacomet 2010).

The majority of cattle remains at Swiss Late Neolithic sites,
therefore, belong to domestic cattle. Four phases of domestic
cattle husbandry have previously been defined, which broadly
follow cultural changes (Schibler 2006, 2017). These broad
phases will form the basis of the analysis in this paper:

1. 4300–4000 cal BC (referred to with the code LNI in this
paper)

During this period, very low percentages of cattle remains
are found in faunal assemblages, with caprines and pigs more
prevalent, as well as red deer. It has been suggested that only
very small cattle herds were kept at this time, and that the
focus was on meat production, due to the high frequency of
younger individuals (Hüster-Plogmann and Schibler 1997).

2. 4000–3400 cal BC (referred to with the code LNII in this
paper)

During this phase, which is roughly concurrent with the
Cortaillod and Pfyn cultures, cattle seem to increase in impor-
tance, and are present in much higher proportions than in the
preceding period (Hüster-Plogmann and Schibler 1997;
Schibler 2006, 2017). It is thought that cattle first started being
used for secondary products, such as milk and labour, during
this period, with direct evidence for the use of milk being

found using organic residue analysis on pot sherds from the
site of Arbon Bleiche, dated to around 3400 cal BC
(Spangenberg et al. 2006), and early evidence for traction
being found at the same site (Deschler-Erb and Marti-Grädel
2004).

3. 3400–2800 cal BC (referred to with the code LNIII in this
paper)

Proportions of cattle then reduce during the following pe-
riod, which coincides broadly with the Horgen culture. This
pattern is due to an increase in the importance of pigs at this
time, as cattle find densities remain at a similar level to the
preceding period. Biometrical evidence has indicated that cat-
tle became smaller and potentially more robust during this
period, which is thought to have been linked to their use for
labour (Hüster-Plogmann and Schibler 1997).

4. 2800–2500 cal BC (referred to with the code LNIV in this
paper)

The final phase, which is broadly concurrent with the in-
fluence of Corded Ware culture in eastern Switzerland and at
Auvernier Cordé sites in the west, is characterised by much
higher proportions (and bone densities) of cattle remains,
thought to indicate the expansion of cattle herds, and a corre-
lated increase in body size (Arbogast et al. 2006; Schibler
2006). This period also has the first evidence for castrates,
supporting specialised cattle use for traction (Hüster-
Plogmann and Schibler 1997). Carbon isotope results on cattle
remains suggest a clearly reduced forest cover in the Zurich
region between early 4th and the 2nd Millennium BC, which
coincides broadly with the introduction of CordedWare to the
region (Doppler et al. 2017) and correlates with the
zooarchaeological evidence for the expansion of cattle herds
and ploughing.

Previous investigations of cattle body size and shape
in Late Neolithic Switzerland

Despite the amount of zooarchaeological work that has
been undertaken on Swiss Neolithic cattle remains, the
issue of body size change on a regional or national scale
has been relatively understudied. This is part due to the
fact that most zooarchaeological work in Switzerland is
undertaken as part of canton-funded projects focusing on
individual sites or groups of excavations, which do not
generally have the scope for wider ranging analyses.
Some work investigating the change in body size of do-
mestic species was undertaken in the 1960s by Charles
Higham (1968a, 1968b), who noted a general decrease
in size of cattle during the Neolithic period, but his work
focused on a relatively small number of sites and was
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undertaken prior to the large-scale excavations which pro-
duced much of the faunal data that we now work with.
More recently, after new excavations in the 1980s and
1990s, material from the Zurich region was studied
(Hüster-Plogmann and Schibler 1997). This work con-
firmed the general size decrease trend, and highlighted
the small size of cattle present in the Horgen period, along
with an increasing robusticity evident in the phalanges of
cattle from these layers (Hüster-Plogmann and Schibler
1997). Additionally, however, a size increase was then
seen at the end of this period, more or less concurrent
with the arrival of the Corded Ware culture (Hüster-
Plogmann and Schibler 1997). These broad patterns in
the Zurich region have also been compared to those from
contemporary sites in the French Jura, which indicate a
broadly similar pattern, with cattle becoming very small
and then much larger again from around 2900 cal BC
(Arbogast et al. 2006). This previous work sets an impor-
tant framework, but the original work on the Zurich re-
gion is now more than 20 years old. Since it was under-
taken, a number of new sites in this area have been exca-
vated, and more data have also been collected and
analysed from other areas of Switzerland. This is the first
study bringing together all of the available data from all
regions, and studying this dataset at such a fine scale.

Material and methods

Material

NISP (Number of Identified Specimens) and measurement
data were collected from Late Neolithic sites across the area
now occupied by modern day Switzerland (Fig. 1). Data from
Bronze Age sites were also collected, but precise chronolog-
ical data were not available for many of the assemblages, so
they have only been presented briefly here. Material from 246
layers across 88 sites was suitable for inclusion in the analysis.
More than 300 layers are included in the project database, but
not all of these were suitable for inclusion because of dating
issues. Not all layers yielded both NISP and measurement
data, but a layer was included if it yielded either. In this study,
the focus is on postcranial measurements, because these pro-
vided more consistent sample sizes and reliable comparable
data. Although they were not analysed, tooth data were re-
corded and are included in the project database (Wright et al.
2020).

A substantial proportion of the dataset was retrieved from
databases held at IPAS at the University of Basel, where a
large proportion of Swiss prehistoric assemblages have been
studied over the last 40 years. Additionally, data were collect-
ed from the literature, and two assemblages (Zug Sennweid

and Zurich Versicherung) were revisited by the author in order
to take measurements.

Methodology

%NISP and biometrical data were chosen for this analysis as
they are most easily comparable across studies undertaken
by different researchers. In previous work bone find density
(see Schibler et al. 1997a and 199b) has been presented
alongside %NISP, in order to provide further information
on the importance of livestock animals (e.g. Schibler 2017,
2013, 2006), but this information was not consistently avail-
able across all sites. It would have also been useful to in-
clude age-at-death information in order to get a more holistic
view of animal husbandry; however, there are differences in
the ways in which these data are recorded, and comparable
analysis across a large enough number of sites was not pos-
sible. Comments on bone density information and mortality
patterns from the original publications are included in the
discussion section.

Combining data from numerous sources should be under-
taken with caution due to the different collection and counting
methodologies employed by different researchers. NISP, for
example, is often counted slightly differently by different peo-
ple, and different levels of identification are employed, partic-
ularly regarding species with both wild and domestic forms,
such as cattle and pigs, or species with very close morphology
such as sheep and goats. As a result, an attempt has beenmade
to standardise the data across all datasets, by combining all
wild and domestic cattle and pig specimens into “Bos” and
“Sus” categories and all sheep and goats into a “Caprines”
category for analysis. This is of course slightly problematic
when the aim is to focus on cattle as part of the domestic
economy, because wild specimens are also included in these
groups, but it was the only way to standardise data that has
been recorded and identified in a variety of different ways.
This issue is dealt with by presenting the NISP and biometrical
information together, so that the potential impact of wild in-
dividuals in each sample can be included as part of the anal-
ysis. As the analysis also only focusses on the three main
groups (Bos, Sus and Caprines), this study therefore excludes
evidence from red deer, which was very common at Swiss
Late Neolithic sites. As such the %NISP values reported in
this paper are those from Bos, Sus and Caprines in relation to
each other only (see Supplementary Table S1 for raw counts).

For measurements, widely used standardised methodolo-
gies make these data relatively easy to compare. The majority
of measurements included in this project were taken according
to von den Driesch (1976) or was described as being taken in
exactly the same way. The benefits of having a large dataset
were seen to outweigh the potential issues introduced due to
“Observer Error”, as the majority of measurements were taken
by members of the same team in Basel who work together
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closely, and previous studies investigating this issue on ar-
chaeological material detected relatively low levels of error
(Davis 1996; Johnstone 1999; Popkin et al. 2012).

Similarly to the approach for NISP, all Bos measurements
were combined into one Bos group, rather than attempting to
split the sample between Bos taurus and Bos primigenius.
This was done for two reasons—firstly, it allowed for a more
direct comparison with the %NISP results, but secondly, it
acknowledges the difficulties of separating wild and domestic
Bos remains (Degerbøl and Fredskild 1970; von den Driesch
and Boessneck 1976; Wright 2016). Further discussion of this
issue can be found in the discussion of the results in Section 3.

Measurements were analysed using a log ratio index scal-
ing technique (Meadow 1999; Simpson et al. 1960). This
technique involves the comparison of measurements from a
dataset to that of a standard individual or population, by cal-
culating what is known as the log size index (LSI). Through
this, multiple different measurements can be combined on the
same scale, and sample sizes can be enhanced. The technique
can be described using this basic formula LSI = log10(x/y),
where x is the value of the archaeological specimen and y is
the standard of that same measurement calculated from the
standard population. In this study a standard individual was
used from the reference collection at IPAS. This was a 13-
year-old modern Hinterwälder female (Z-2431) (Breuer et al.
1999).

The measurements included in this analysis were chosen
using these main criteria:

1. Their availability in databases and reports (generally
linked to their prevalence in assemblages due to tapho-
nomic processes, etc.).

2. The ease with which they can be taken consistently by
different researchers.

3. The potential information that each measurement can
provide—very age dependent measurements (such as
scapula SLC, for example) were excluded for the analysis,
even though they are recorded in the database.

4. An appropriate standard measurement for comparison
was available

Table 1 lists the measurements included in the log ratio
analysis. Only one measurement per bone per dimension
was selected in order to avoid repeating data from the same
individual, and measurements are listed in their order of pri-
ority. Length and width measurements have been presented
separately in the analysis in order to see any differences be-
tween the two dimensions. Depth measurements were not re-
corded consistently across enough sites and have therefore not
been included. The list of sites and the appropriate references
are included in Table S2 of the supplementary Material. The

project database containing all of the raw data are published in
an open-access database (Wright et al. 2020).

Log ratio results are presented using box plots and also
histograms in order to see the distribution of measurements
within each time slice and to investigate the impact of sexual
dimorphism and the presence of aurochs within the distribu-
tions. For the broad cultural phases, where the largest samples
are available, log ratio histograms showing individual mea-
surements on selected bones have also been presented, in or-
der to investigate these issues more thoroughly. Histograms
displaying raw measurements are also available in the
Supplementary Material (Figs. S1, S2, S3, S4, S5, S6), where
appropriate histograms have been annotated with the location of
males, females and wild and domestic groups. Where possible,
the variation between different chronological and geographical
groups seen in the log ratio results has been tested statistically
using a Mann-Whitney U test (p ≤ 0.05). Additionally, effect
size has been calculated in order to account for the practical
significance of the Mann-Whitney results.

Some samples were fairly small, especially when consid-
ering material from very narrow time slices. All samples were
retained in the%NISP plots, box plots and histograms, and the
sample sizes marked, so that the reader can visually see the
gaps and their reliability. For %NISP, samples of less than 100
were considered to be unreliable at the interpretation stage,
and are mentioned as such. For the biometrical results, sam-
ples of less than 20 were treated with caution at the interpre-
tation stage, and Mann-Whitney tests and effect size calcula-
tions were only performed on samples of 20 or more.

Data analysis was undertaken using R (R Core Team
2020), using the packages dplyr (Wickham et al. 2020) and
reshape2 for organising the data, ggplot2 (Wickham 2016) for
creating the charts, and gridExtra (Auguie 2017) for the chart
arrangements.

Table 1 Measurements included in the log ratio analysis, in order of
priority

Element Measurements
(following von den Driesch 1976)

Lengths Widths

Humerus GL Bd, BT, Bp

Radius GL BFd

Metacarpal GL Bd

Femur GL Bp

Tibia GL Bd, Bp

Metatarsal GL Bd

Astragalus GLl, GLm Bd

Calcaneum GL, GB
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Chronology

The dataset includes both wetland and dryland sites, which
have been dated using 14C dating, dendrochronology, stratig-
raphy or a combination of these. In some cases, wetland sites
were dated using dendrochronology with a very fine temporal
precision of just a couple of decades, and the intention has
been to use this precision as much as possible. Dryland site
dating tends to rely on a combination of 14C dating and strat-
igraphic information, and so less precision is possible. As a
result, in order to have large enough sample sizes for the
biometrical study and include datasets from both wetland
and dryland sites, chronological groups at four levels of pre-
cision have been used in the analysis (Fig. 2). The first groups
are based on broad cultural phases that have been defined in
the Swiss Late Neolithic2 . These are referred to using the
codes LNI, LNII, LNII and LNIV. Bronze Age data have also
been included in this diagram so that the longer term trends
can be seen. The second scale splits the data into 300-year
intervals, the third into 200-year intervals, and the final most
precise scale uses 100-year intervals. These time slices use the
original LN codes as a reference, and then each 100 years
within each code period has a letter, e.g. LNII-ABC for 300
years, LNII-AB for 200 years and LNII-A for 100 years.
Splitting the data according to these intervals allows for as
much of the data as possible to be used, depending on the
dating information available for each site. It also allows one
to look for patterns in the data using slightly different
groupings.

NISP data at very fine levels of precision (on a layer by
layer basis) have been presented and analysed elsewhere (e.g.
Schibler 2006, 2017), but have not previously been directly
combined with and compared to the body size data.

Geography

The datasets have been divided into two groups representing
western and central (referred to as “western” for the rest of this
paper), and eastern Switzerland, respectively (see Fig. 1 for
how the region has been split). This is based on the hypothesis
that during the Neolithic period, there were different influ-
ences impacting these different parts of the region, with the
east more influenced by Central European practices, and the
west more influenced by Mediterranean practices, as men-
tioned above (Stöckli et al. 1995). Of course there may have

been other aspects at play within these broad areas, at a sub-
regional or topographical level, but sample sizes became very
small at the precise levels of temporal precision required for
this study when data were split further. Another paper, cur-
rently in preparation, will present the analysis of data at a
smaller regional level, using just the broad culturally based
chronological groupings described above.

Results

NISP and biometry box plot results have been aligned and
presented using the above described four time scales, and
histograms have been presented alongside, so that the distri-
bution of measurements can be seen. For the broadest periods
with the largest samples sizes extra histograms presenting the
log ratio results by bone and measurement have been included
Figs. 3, 4, 5 and 6 use broad cultural groups, Figs. 8 and 9 300-
year intervals, Figs. 10 and 11 200-year intervals and Figs. 12
and 13 100-year intervals.

Broad cultural groups: 4400–800 cal BC (Figs. 3, 4, 5, 6
and 7)

Figure 3 provides data from both the Neolithic and Bronze
Age using broad cultural-based groups, with %NISP at the
top, and the corresponding log ratio box plots underneath.
Figure 4 shows the biometrical results on histograms so that
the distribution of individual measurements can be more eas-
ily seen. Both %NISP and body size results show a broadly
similar pattern in both the west and east, with a correlated
decrease in both the proportion and size of cattle between
LNII (broadly correlated with the Cortaillod and Pfyn
Cultures) and LNIII (broadly correlated with the Horgen pe-
riod) and then an increase in both proportion and body size
going into the final Neolithic period (LNIV–corresponding
broadly to the Corded Ware and related Auvernier Cordé cul-
tures). These body size changes are all highly significant (p ≤
0.01) according to the results of the Mann-Whitney U tests;
however, not all have a moderate or large effect sizes. In the
east, the change between LNIII and LNIV has a moderate
effect size for both length and width measurements, suggest-
ing that this change is more reliable than between LNII and
LNIII, where effect sizes are small. In the West, none of the
effect sizes is moderate or large. In the Bronze Age, there
seems to be a stabilisation in the prevalence of cattle in both
areas, whilst in the east, body size decreases during the Bronze
Age, with the largest effect sizes seen between LNIV and the
MBA and LBA. The small amount of data from the west
indicates that a similar pattern may be present here, but sample
sizes are very small.

There are a few differences between the east and west.
Cattle seem to be present in higher proportions in general

2 Archaeological cultural groups, such as “Cortaillod”, “Pfyn”, “Horgen” and
“CordedWare” are used throughout this paper for analytical purposes, but it is
important to remember that the use of these categories can be misleading and
problematic. Not only do they imply that influences were uniform across the
whole of Switzerland at the same time, which is not the case, but they can
impact the way in which we interpret our data by forcing our narratives in
certain directions. For a discussion of this issue in relation to the Swiss
Neolithic see (e.g.) Gross (2017).
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across time in the east than in the west, where caprines are
slightly more common. This fits with the previous findings
that caprines were of particular importance in western areas
due to the Mediterranean connection (Schibler 2006). There
are also some slight differences in the body size data, where
the increase in size going into LNIV is more acute in the east
than in the west, with the median (in the box plots) and mean
(in the histograms) of both length and width measurements

landing above the standard “0” line in the east but below in the
west. This is reflected in the results of the Mann-Whitney test
where length measurements in the west show a slightly less
highly significant result than width measurements when the
samples from LNIII and LNIV are compared; however, it is
worth bearing in mind that neither of these shows a moderate
or large effect size.

1513 76440 22097 24130 1259 9048

1513

712 22989 51591 15863 18519 9330 20393

4400 4000 3400 2800 2500 1600 1300 800cal BC

Fig. 3 %NISP and log ratio box
plots for the broadest scale
analysis. Dates for the Bronze
Age are early Bronze Age, 2200–
1600 cal BC;Middle Bronze Age,
1600–1300 cal BC; and Late
Bronze Age, 1300–800 cal BC

LNI

-

LNII LNIII LNIV

LNI-ABCD LNII-ABC LNII-DEF LNIII-ABC LNIII-DEF LNIV-ABC

LNI-ABCD LNII-AB LNII-CD LNII-EF LNIII-AB LNIII-CD LNIII-EF LNIV-AB LNIV-C

LNI—A LNI-B LNI-C LNI-D LNII-A LNII-B LNII-C LNII-D LNII-E LNII-F LNIII-A LNIII-B LNIII-C LNIII-D LNIIIE LNIII-F LNIV-A LNIV-B LNIV-C

4400 4300 4200 4100 4000 3900 3800 3700 3600 3500 3400 3300 3200 3100 3000 2900 2800 2700 2600 2500

Cal BC

Broad Phase

300yr Phase

200yr Phase

100yr Phase

Fig. 2 Timeline and time slices used for analysis
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The impact of sexual dimorphism and the presence of
aurochsen were also investigated. In order to do this, further
log ratio plots were created, splitting the data by bone and
showing the distribution of individual measurements (Figs. 5
and 6). Histograms displaying raw measurements for selected
bones are also included in the Supplementary Information
(Figs. S1, S2, S3, S4, S5, S6). Metapodial measurements,
and particularly metacarpal breadth measurements, are most
useful for investigating sex groups (Fig. 5), and the distribu-
tion of Bd measurements in both indicates that females prob-
ably outnumbered males in most if not all Late Neolithic pe-
riods, with the peak towards the smaller end of the scale. This
indicates that size changes cannot be explained by large shifts
in the sex ratios within cattle herds. Scatterplots are possible

only on a Switzerland-wide basis (i.e. combining east and
west samples together), in order to look at shape as well as
size, and consider the potential impact of castrates (Fig. 7).
Metacarpals and metatarsals from the three main Neolithic
phases were compared. The metacarpal results confirm that
seen in the histograms—females tend to dominate in all three
phases. It is also clear that in bothmetacarpals andmetatarsals,
length and width measurements increase at a similar rate be-
tween the Horgen and Corded Ware periods, and that there is
no clear change in shape that might indicate that castrates were
greatly impacting the pattern.

It is clear that aurochs were quite prevalent in LNII, and the
likely areas in which domestic and wild individuals appear
have been marked on the histograms (Figs. 4, 5 and 6). It

East West & Central

L
N

I
L

N
II

L
N

III
L
N

IV
E

B
A

M
B

A
L

B
A

−0.1 0.0 0.1 0.2 −0.1 0.0 0.1 0.2

20

20

40

60

80

100

120

140

20

40

60

20

20

20

20

LSI Value

n

Length

Width

wild/domestic

domestic cattle

aurochs

width n=3

length n=515

 width n=1308

length n=228

 width n=622

length =241

 width n=603

length n=78

 width n=202

length n=111

 width n=335
length =156

 width n=391

length n=143

 width n=342

length n=3

 width n=6

length n=50

 width n=105

length n=183

 width n=217

length n=5

 width n=15

Fig. 4 Log ratio histograms showing the distribution ofmeasurements for
each broad time slice. The areas on the plot where likely aurochs and
domestic cattle are placed is marked. The standard is indicated with a

black line, and length and width means indicated with red and green lines
respectively. On one plot the location of likely wild, domestic and unclear
individuals has been marked to demonstrate where their distributions lie

Archaeol Anthropol Sci (2021) 13: 3636 Page 8 of 25



seems likely that any data point higher than 0.1 on the plots
probably represents aurochs, and many of the individuals
appearing at less than 0.05 are likely to be domestic cattle,

but the exact division is not clear, particularly for breadth
measurements. Length measurements are easier to separate,
but with the exception of the astragalus, and perhaps the
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metapodials in some regions and periods, samples are relative-
ly small. After LNII, aurochs do not disappear completely, but

it looks likely that they are not affecting the patterns and sta-
tistics considerably. Although a small number of aurochsen
are likely present in the LNIII and LNIV distributions, the fact
that a size increase between the two phases can be seen
amongst the smallest individuals on each plot indicates that
the overall size increase is taking place independently of this.

The individual measurement plots also highlight that the
broad pattern of size changes can be seen across all elements
and is not solely led by the domination of elements such as the
astragalus. Of particular note is the lack of correlation between
length and width measurements seen in metapodials in LNIII
at eastern sites (Fig. 5), with the mean of length measurements
plotting far lower on the plot than the standard skeleton, com-
pared to the mean of width measurements, indicating that
these bones were fairly short and robust. This seems to con-
firm that evidence previously reported from phalanges on the
robusticity (as mentioned in section 1.3) of these short cattle is
reliable (Hüster-Plogmann and Schibler 1997). Although a
similar pattern can be seen on a few of the other diagrams,
length measurements tend to have such small samples that
these results are not reliable. This includes the sample sizes
for the west at this time, so it is not possible to say for sure if
this pattern existed in the same way there.

300-year interval groups: 4400–2500 cal BC

The remainder of the diagrams only concentrate on the
Neolithic period, as chronological precision is not available
from most Bronze Age sites. Histograms by individual mea-
surements are also not provided for the finer time slices, as
samples get fairly small; however it is still possible to use the
combined diagrams to look for the presence of aurochs within
the distributions, based on the work undertaken for the broad
periods above.

Figures 8 and 9 show the results using 300-year intervals
(with the exception of LNI-ABCD which contained very few
data and combines 400 years). In these diagrams, LNII and
LNIII are split into early and later groups. From the beginning
of the LNII-ABC until midway through LNII-ABC, both east
and west show very similar patterns in terms of %NISP, with
proportions of cattle reducing over time.

At first glance, looking at the box plots (Fig. 8), west and
east are showing very different body size patterns during
LNII-ABC, with much larger cattle in the west than the east,
particularly according to length measurements, which show a
highly significant Mann-Whitney result (p ≤ 0.001) and a
moderate effect size for lengths. However, this pattern can
be explained by the likely high proportion of aurochs in the
western sample, which is highlighted in the histograms (Fig.
9). The histograms also show a smaller number of aurochs in
the east at the time, as well as in LNII-DEF in both regions.

The reduction in the proportion of cattle between LNII-
DEF and LNIII-ABC is reflected in both the east and west
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of Switzerland by a correlating reduction in body size, con-
firmed to be very highly significant in both lengths and widths
by the Mann-Whitney U test results, and with a moderate
effect size on eastern lengths. This reduction in size is taking
place in both regions, even though it looks like there are prob-
ably a few aurochs in the distribution in the east at this time.
However, the two geographical areas show different patterns
for LNIII-DEF, with the west showing both an increase in
%NISP and body size, and the east seeing a further reduction
in both. Although it is possible that a small number of aurochs
could be influencing the pattern in the west, there are no indi-
viduals above the 0.1 line, which indicates that these are very

few. These changes are subtle, however, and the only statisti-
cally significant difference is seen between widths between
these two periods in the east (p = 0.0223), and this is with a
small effect size. In both the east and west, %NISP and size
are correlated, but there is a small amount of evidence that
they are experiencing slightly different processes.

Both the east and west show an increase in cattle size be-
tween LNIII-DEF and LNIV-ABC, despite a drop in the pro-
portion of cattle in the west—this is the first time that the NISP
and body size data do not correlate with each other. A much
larger jump is seen in the east (demonstrated by more highly
significant results in the Mann-Whitney tests for both lengths
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and widths, and large effect size for lengths and moderate for
widths). This is in part due to the fact that size in the west had
already started increasing in LNIII-DEF but also because the
average size of cattle in the east during LNIV-ABCwas larger
than in the west (both length and width measurements are
above the standard here, whereas both are below in the west).
The difference between body size in LNIV-ABC in the east
and west is confirmed by the high statistical significance be-
tween these two groups in the Mann-Whitney test and a mod-
erate effect size seen for length measurements. It is possible
that a small number of aurochs may be included in the distri-
butions from both regions, but the shift in size is also seen at
the smallest end of the scale, indicating that a shift is taking
place within the domestic population.

Presenting the data using 300-year intervals confirms the
general correlation between %NISP and body size for cattle in
both the east and west of Switzerland but highlights some
potential differences at the transition between the second half
of the Horgen and Corded Ware period, where %NISP in the
West drops off, whilst body size continues to increase.

200-year interval groups: 4000–2500 cal BC

When broken down into 200-year slices (Figs. 10 and 11), we
can see a little clearer how the previous patterns have been
composed. LNI has been excluded here as it contained very
few data. LNII and LNIII are now split into three groups each

1513 19564 47810 12047 2770 24130

712 10015 4964 45908 5148 15863

4400 4000 3700 3400 3100 2800 2500cal BC

Fig. 8 %NISP and log ratio box
plots with 300-year time slices
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and LNIV into two. As this final broad phase is only 300 years
long, the final group (LNIV-C) is made up of just 100 years.

In both the east and west, LNII-AB and LNII-CD show
relatively high proportions of cattle, which clearly include
a number of aurochs remains, which can be seen in the
histograms, particularly in LNII-CD (Fig. 11). The differ-
ences in %NISP between east and west during LNII-EF
suggests that the proportion of pigs may have increased in
the east earlier than in the west, although the eastern sam-
ple has a very small sample size (n = 89) which is not
reliable.

Both areas show good correlation between %NISP and
body size in the first two phases of LNIII, with a reduction
in both, despite the fact that there are clearly a small number of

aurochs in the distribution. In both the east and west, cattle
reach their smallest body size in LNIII-CD, between 3200 and
3000 cal BC, although this drop is more acute in the east than
the west. In LNIII-EF, both %NISP and body size increase in
both the east and the west, although this pattern is clearest and
most reliable in the west (as demonstrated by both the Mann-
Whitney and effect size results) where cattle reach their
highest %NISP before dropping off into LNIV, where propor-
tions of both pigs and caprines increase again. The east sees
higher proportions of cattle slightly later, during LNIV-AB
from c2800 cal BC, and remains at a high level until the end
of LNIV-C at 2500 cal BC. In both the east and west, cattle
remain at a large size until the end of LNIV, but in the east,
body size is larger on average overall. The highest effect sizes
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are seen in the east comparing LNIII-CD to both time slices
within LNIV, demonstrating that the size change which took
place sometime between 3000 and 2800 BC is truly signifi-
cant. Differences between east and west during this period are
confirmed by the highly significant Mann-Whitney results for
both widths and lengths in both LNIV time slices and the
moderate effect sizes seen in LNIV-AB lengths and LNIV-C
widths.

100-year interval groups: 4000–2500 cal BC

%NISP and box plots

The 100-year plots (Figs. 12 and 13) break the pattern down
into even finer temporal groups, across the same timespan as

used for the 200-year interval groups. Unsurprisingly, this has
an impact on the sample size for both %NISP and body size.
Still, it is clear that enough of the time slices have a large
enough sample to be able to follow the pattern through time,
albeit with some gaps.

During LNII, the periods in which aurochs are prevalent
are now even clearer, with particularly high numbers present
between LNII-B and LNII-D (3900–3600), and particularly in
the west. After this in the west, there are very few individuals
with a log ratio value of above 0.1, which indicates that very
few aurochs are included in the plots. In the east, there do
seem to be more larger individuals, with the main concentra-
tion in LNIII-A. At around this time (c3400 cal BC), the pat-
tern changes drastically, as expected from the previous plots,
with cattle being pushed to 30% or lower of the %NISP, in

9698 18515 997 6937 11595 1769 12481 11600

2059 19628 89 27515 19940 1097 12073 3710

4000 3800 3600 3400 3200 3000 2800cal BC 2600 2500

Fig. 10 %NISP and log ratio box
plots with 200-year time slices
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particular by the increase in the proportion of pig bones, where
it stays for the majority of this period in both the east and west
until approximately 3000 cal BC. In both areas, cattle are at
their smallest size between 3200 and 3000 cal BC, as seen
previously in the 200-year plot. In the east, the largest drop
in body size is seen between LNIII-A and LNIII-B, and is
confirmed by a significant Mann-Whitney result, with lengths
experiencing a larger reduction in size than the widths (as
confirmed by the effect size results)—reflecting the first indi-
cations of the change to a small robust body shape.
Unfortunately the datasets from the west are too small to be
able to trace this same pattern. In the second half of LNIII in
both geographical areas, we can see the smallest cattle accord-
ing to width measurements, although length measurements do

not seem to get as small. From 3000 cal BC (LNIII-E) on-
wards, we start to see an increase in the importance of cattle
according to %NISP in the west, as seen in the previous plots.
The lack of data from the east during the period 3000–2900
cal BC, however, means that we cannot see the comparative
pattern in this area, and there are no measurements from either
region. During the following period, from 2900 to 2800 cal
BC (LNIII-F), however, there is an increase in size in both
regions, as seen in the 200-year plot. The distribution of indi-
vidual data points on the histograms (Fig. 13) highlights the
differences between east and west during the second half of
LNIII and during LNIV. The increase in size between LNIII-
D and F is very highly significantly different in the west ac-
cording to the Mann-Whitney results (confirmed by a large
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effect size result in the one sample of a reliable size), but the
sample sizes from the east are too small for a reliable test. This
evidence shows that cattle had already increased in size by the
last 100 years attributed broadly to the Horgen period, al-
though the high proportion of cattle in the preceding period
shows that there is also the potential there for this change to
have taken place even earlier. Both east and west show the
presence of very small cattle during the period from 3200 to
3000 cal BC, but these small cattle disappear completely in the
east by c2500 cal BC, but still persist in the west, albeit in
relatively small numbers.

Using 100-year slices has provided more detail for the
changes that took place at the transition between LNIII and
LNIV (which could be attributed to the transition between the
Horgen and Corded Ware cultures), where cattle seem to gain
importance in the west earlier than in the east, with the peak in

%NISP between 3000 and 2800 cal BC in the west (LNIII-E
and F), and between 2700 and 2500 cal BC (LNIV-B and C)
in the east. There is also some correlation with this in the body
size data, where medians on the box plots peak slightly earlier
in the west (2800–2600 cal BC) compared to the east where
the peak does not come until slightly later (c2700–2500 cal
BC). Quite a few large and moderate effect size results can be
seen for the 100-year time slices. These highlight that the size
change which takes place between LNIII-C and D and LNIV
is truly significant particularly in the east of Switzerland but
also in the west to a slightly smaller degree. Changes within
the time attributed to the Corded Ware do not show signifi-
cance according to the Mann-Whitney tests, or effect sizes,
but there is high significance in the difference between the two
regions in LNIV-A and C in both length and width measure-
ments, and a moderate effect size for widths, indicating that

9698 9056 7541 997 6937 5110 1001 7052 697 9720 570 11600
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Fig. 12 %NISP and log ratio box plots with 100-year time slices
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there is truly a difference between the body size of cattle in
these two areas.

Discussion

These results indicate that there was a clear correlation be-
tween cattle proportions (=importance?) and cattle body size
in Neolithic Switzerland through much of the period from
c4400 to 2500 cal BC, in both eastern and western regions,
with high proportions of cattle generally correlated with cattle
with a larger body size.

They also show that the major changes in cattle prevalence
and body size took place broadly in line with “cultural chang-
es” in both areas as suggested by previous work undertaken in
the Zurich region and French Jura (e.g. Hüster-Plogmann and
Schibler 1997; Arbogast et al. 2006). However, this new work
provides clearer detail in terms of the different mechanisms at
play in each region, and the time scales across which these
changes were taking place. The different scales used, as well
as the fine temporal precision of the 100-year time slices,
provide the opportunity to see in greater detail what was hap-
pening over time.
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Exploitation of the aurochs during the Swiss Late
Neolithic

Clearly people were hunting aurochs in addition to keeping
domestic cattle throughout the Swiss Late Neolithic, as indicat-
ed by the larger specimens appearing on the histograms.
Aurochs are particularly prevalent during the period from
3900 to 3700 BC in the western region. A high proportion of
these remains are from one particular group of sites around the
lake of Burgäschisee, as mentioned in the introduction—where
a particularly high proportion of the faunal remains overall were
from wild species (Boessneck et al. 1963; Stampfli 1964;
Schäfer and Schibler, In Prep.). The prevalence of wild species
during this period has previously been noted as part of an over-
all increase in hunting during short-term climatic fluctuations
(Arbogast et al. 2006; Schibler 2006; Schibler et al. 1997a;
Schibler and Jacomet 2010). The exact status of the aurochs
during this period in terms of its more specific regionality needs
to be explored in future work. After c3700 BC, aurochsen
seems to appear in relatively small numbers in both the east
and west and cannot have been formed a large part of the sub-
sistence of the communities living across Switzerland.

Cattle husbandry during the period from 4000–3400
cal BC

This work has indicated that domestic cattle proportions and
body size remained relatively stable throughout the period
encompassing the Cortaillod and Pfyn cultures in both the east
and west of Switzerland. Clearly aurochs were also being
hunted during this period particularly during the period from
3900 to 3700 cal BC, as noted above. There does not seem to
be any clear difference between the pattern seen in the domes-
tic cattle plots in eastern and western Switzerland, suggesting
that similar methods of cattle exploitation and husbandry were
taking place across both regions. Previous studies have shown
that quite high proportions of cattle from Cortaillod and Pfyn
layers at lake Zurich were killed at a relatively young age,
indicating a focus on meat exploitation at this time, and po-
tential for an increase in dairying towards the end of this pe-
riod is also cited (Hüster-Plogmann and Schibler 1997).

Cattle husbandry during the period from c3400–3000
cal BC

During this time, which has been broadly attributed to the so
called Horgen culture, an increase in pig production means
that cattle remains make up much lower proportions of assem-
blages in both the east and west of Switzerland, although bone
densities of cattle remains do not decrease (Schibler 2006),
indicating that cattle herds were not necessarily smaller in
size. Clearly cattle in both areas also become smaller in size,
and in the east, we also see a bone shape change evident in a

number of autopodial elements (Fig. 5, and Hüster-Plogmann
and Schibler 1997), indicating that herds were made up of
small robust cattle. Aurochs are still being hunted at this time,
but in much smaller numbers than during earlier periods, and
the overall decrease in size seen in the plots takes place despite
their presence.

The small time slices used by this study have shown that the
biggest shift in body size and shape took place between 3300
and 3200 cal BC, but that body size continued to decrease until
at least c3000 cal BC in both east and west Switzerland. There
are a number of potential explanations for such a change in
body size and shape. One option could be a deliberate selection
by humans for cattle of small but robust statue for a particular
economic purpose. Mortality information from some of the
Zurich sites has suggested that cattle herds at this time (domi-
nated by older individuals) were used primarily for traction,
and pathological information from Arbon Bleiche 3, where a
yoke was also recovered, has provided further evidence of this
(Deschler-Erb and Marti-Grädel 2004; Leuzinger 2002).
Although castrates are normally favoured for labour purposes
(Hüster-Plogmann and Schibler 1997), whose bones are long
and slender—completely the opposite of the cattle at this
time—this does not rule out the use of smaller robust cattle
for this purpose. Alternatively, this body size change could be
related to the accidental impact of humans subjecting the ani-
mals to certain environmental conditions. Previous studies have
argued that it could be related to a change in fodder type or
living conditions, or that the small robust body shape may be
the result of the cattle being used for traction at too young an
age (Hüster-Plogmann and Schibler 1997), although it is not
clear that the latter would stop them from growing to their
normal size. A further hypothesis is that the reduction in body
size could be the result of an insular approach to husbandry
management, in which the cattle gene pool became very small
due to a lack of new stock from outside. This should be con-
sidered in the light of the fact that pigs seemed to have a very
high focus at this time. Even though cattle herds are still
thought to have been a similar size (according to bone density
data), it is still possible that pig husbandry may have formed a
distraction that meant that cattle herds were not managed well
or were managed in a very insular way.

Whatever the explanation, it is worth bearing in mind that
during the Neolithic period, a general reduction in size has
been cited in many European areas, so this pattern is not par-
ticularly surprising (Boessneck et al. 1971; Bökönyi 1974;
Boessneck and von den Driesch 1978; Lasota-Moskalewska
1980; Manning et al. 2015; Tresset 2000; Vigne 1988).

Cattle husbandry between 3000 and 2700 cal BC (the
Horgen-Corded Ware/Auvernier Cordé transition)

This study has shown changes in cattle %NISP and body size
between 3000 and 2700 cal BC in the different regions of
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Switzerland in much greater focus than previously possible. It
is clear that during this time in both areas, domestic cattle
became both more important compared to other domestic spe-
cies and also larger in size. Aurochs do seem to continue to
have been hunted, but in very small numbers until around
2800 BC, when in the east they become very slightly more
prevalent. The changes in domestic cattle were taking place at
a different pace in the east and west. Western areas see an
earlier rise in both cattle proportions and an earlier peak in
body size, although eventually cattle become largest in the
east. This is particularly interesting when one considers the
previously suggested hypothesis that the increase in the im-
portance of cattle at this time could be related to an incoming
new cattle population linked with the introduction of the
Corded Ware culture (Arbogast et al. 2006). This interpreta-
tion fits with the narrative of human migration which has been
suggested by recent genetic work (Allentoft et al. 2015; Haak
et al. 2015; Olalde et al. 2018). However, with this explana-
tion, one would expect the first evidence to be coming from
the east rather than the west, from the direction in which the
CordedWare influence was travelling. One large frustration in
this study is the gap in data for the period between 3000 and
2900 cal BC. However, the pattern at Chalain in the French
Jura just outside of the study area for this analysis to the west
(Arbogast et al. 2006) indicates that, certainly in the west, an
increase in body size had already taken place by 2980 cal BC,
earlier than the arrival of Corded Ware in eastern Switzerland
at around 2750 cal BC (Hafner and Suter 2003).

With this in mind, it is worth considering whether the
change in cattle husbandry seen in western Switzerland is
the result of other influences. This would not be entirely sur-
prising, as evidence from material culture in the region has
shown long-standing links to regions in the west. In fact be-
tween 3000 and 2700 cal BC, many sites in western
Switzerland are attributed to the so called Lüscherz Culture,
which is thought to have links to the Paris Basin and the Poitou
and Languedoc regions of France (see, for example. Affolter
and Suter 2017, Fig. 4). There is also evidence that this region
had links with people to the north, as pottery in the style of the
so called Wartberg Group of western Germany has also been
recovered here (Gross 1991). This pottery is particularly rele-
vant because its deposition context has been dated to 2853–
2843 cal BC, earlier than the perceived arrival of the Corded
Ware culture. It may be, therefore, that the larger cattle in the
west had different origins to those in the east.

Clearly the mechanisms around the changes in cattle hus-
bandry at this time need to be further explored, integrating
data across a wider area of Central and Western Europe.

Potential evidence for early cattle “improvement”

A high correlation is seen between the proportions of cattle
remains and their body size at all levels of temporal precision

in both the east and west; cattle decrease in both proportion
and size between approximately 3400 and 3000 cal BC but
then increase in both proportion and size (and also find den-
sity, where data are available–Schibler 2006) going into the
period of the Corded Ware and Auvernier Cordé Cultures.
This increase in size is particularly interesting, as it seems to
go against the pattern seen across Neolithic Europe where size
tends to get smaller throughout time (e.g. Manning et al.
2015).

The timing of this increase in size, broadly in line with the
introduction of Corded Ware culture, seems too coincidental
to be ignored; although as mentioned above, the results of this
study have shown that larger cattle could have come from
either the east or the west or perhaps even both. However,
other factors do also need to be ruled out.

An alternative explanation for an increase in the size of
cattle could be that aurochs were being huntedmore intensive-
ly at this time. However, none of the cattle from this period is
reaching the sizes seen in the earlier Cortaillod, where aurochs
are common (Fig. 9), and the size increase is also seen at the
lower end of the range (e.g. in domestic females), particularly
in the sample from the east, so this explanation can be ruled
out.

If the majority of these cattle are domestic, then an alterna-
tive explanation could be that the proportion of males in cattle
herds increased after 3000 cal BC. However, as there is no
indication of this in the metacarpal pattern, and additionally
the smallest individuals, likely females, also seem to be in-
creasing in size, this also seems unlikely. It is also worth
bearing in mind the possible impact of castration, which
would have had an impact on bone length. However, the
metapodial plots above do not indicate that castrates were
dominating assemblages at this time, and width measurements
also increase at a similar rate, so this cannot be a major
explanation.

The pattern therefore suggests that at the time when cattle
may have become most important (%NISP was increasing, as
well as cattle bone densities–see e.g. Schibler et al. 1997a,
1997b; Schibler 2006), some effort was also being put into
maintaining or even “improving” the body size and health of
the herds. This is most likely to have been through introduc-
tion of new larger stock, as there is little evidence that many
larger cattle were maintained through the Horgen period.

In all areas of Switzerland, the larger cattle are being re-
covered from the same settlement sites which also yielded the
smaller cattle in the earlier Horgen layers, and in the east, it is
particularly clear in the histograms (Fig. 10) that by the end of
the Corded Ware period, the small-sized cattle had pretty
much disappeared from sites in the region, so it is unlikely
that these two populations were co-existing separately from
each other. Additionally, this is a process that is clearly taking
place over time and is not a sudden replacement of one pop-
ulation with another. All of these aspects suggest that there
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was a deliberate human choice to incorporate the larger cattle
into herds, and they were preferred over the smaller stock.

The process described above is logical if human choice is
considered to have been the main driving force behind cattle
body size change in the past, but there are questions around
whether these kinds of choices were beingmade as early as the
Neolithic period in Europe. In general the expansion of
Roman influence a number of millenia later is often cited as
the earliest evidence for deliberate “improvement” of live-
stock across much of Europe (e.g. Albarella et al. 2008;
Groot 2017; Groot and Deschler-Erb 2015; Lauwerier 1988;
Lepetz 1996; Pigiere 2017; Teichert 1984; Valenzuela-Lamas
and Albarella 2017). Recent work, however, has indicated that
in Italy at least, some changes in cattle and sheep body size
attributed to potential “improvement” existed earlier, in the
late Bronze Age (Trentacoste et al. 2018). In the Post-
Roman period, there are plenty of examples of deliberate live-
stock improvement in various different European areas, such
as Medieval (Albarella 1997) and Early Modern England
(Grau-Sologestoa and Albarella 2019), as well as Iberia dur-
ing the Islamic period (Davis 2008), to name just a few.

To the author’s knowledge, there are no other exam-
ples of this kind of increase in cattle body size correlated
with a clear increase in cattle proportions and find den-
sities in Neolithic Europe, and this may therefore consti-
tute some of the earliest evidence for this kind of delib-
erate management choice in the European archaeological
record. The situation is further enhanced by the possibil-
ity that this process could have been taking place in both
the east and west of Switzerland, through stock intro-
duced from different places. Further investigation is
now needed on cattle assemblages from this period, from
both inside and outside of the geographical range linked
to Corded Ware, in order to see if there is any evidence
for this kind of pattern elsewhere, and if this phenome-
non can be more clearly linked to the influence of this
Corded Ware in the east, and/or to other influences in the
west.

Benefits of analysing data at different temporal scales

Finally, it is also important to assess the technical side of this
study, in terms of how useful the analysis of this dataset at
these different scales of precision has been. Certainly this
work has provided far more detail to our knowledge of chang-
es in cattle husbandry through time, and it has also allowed for
the patterns to be verified using both larger and smaller sample
sizes at different levels of precision. The inclusion of the 300-
year groups has also been very useful, because it groups the
data in a slightly different way to the 200- and 100-year
groups, whilst also confirming the same patterns. If datasets
allow for the splitting of data in this way, it seems like a very
useful exercise for analysis in future.

Conclusion

This analysis has shown how using different scales of tempo-
ral precision can help with identifying patterns in prehistoric
cattle husbandry through time. In the case of Neolithic
Switzerland, it has shown that changes in %NISP and body
size are well-correlated across a long time scale and that
changes were broadly concurrent with broad cultural changes
indicated by material culture in both the east and west of
Switzerland. However, the use of narrow time slices has
allowed a closer look at the complexity of these changes and
in particular has highlighted regional differences in timing in
the adoption of a more cattle-focused economy sometime be-
tween 3000 and 2800 cal BC. An increase in the proportion
and body size of cattle around this time is thought to be due to
the introduction of new large cattle into the area, but it seems
that this process started in western Switzerland prior to
2800 cal BC, throwing into doubt the idea that this pattern
in all areas of Switzerland is a direct result of the introduction
of the Corded Ware culture. It is therefore possible that cattle
may have also been brought from areas to the west or north.

The body size pattern is the opposite of what has been seen
in other Central European areas, where a decrease in size is
seen throughout the Neolithic period, and may constitute some
of the earliest evidence for the deliberate “improvement” of
cattle on the continent. Future work must focus on this specific
time period across a wider European area, in order to see if any
evidence of this pattern can be seen elsewhere, and if this new
cattle-focused economy can be clearly linked to the arrival of
Corded Ware material culture and burial practices.
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