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Finding the woolly sheep: meta-analyses of archaeozoological data 
from south-western Asia and south-eastern Europe

Cornelia Becker, Norbert Benecke, Hans Christian Küchelmann  
and Stefan Suhrbier

Archaeozoological data from 401 sites in south-western Asia and south-eastern Europe dating to the time span 7000–1500 
BC were analysed to address the question of when and where the economic shift occurred from a milk- and meat-oriented 
sheep husbandry to one with a focus on wool production. This article offers some preliminary results from meta-analyses 
of an associated database. Among the parameters studied fluctuations in the demographic composition of herds as well as 
osteometric data indicating changes in animal size and body shape have yielded some indirect evidence for incipient and/
or increasing importance of wool exploitation in sheep. In south-western Asia this development started around 4000 BC, 
while in south-eastern Europe it began a thousand years later.

Keywords: south-western Asia, south-eastern Europe, Neolithic–Bronze Age, sheep husbandry, wool production, 
archaeozoology

Introduction
Today, hundreds of different breeds of sheep are known that 
are kept for mutton, milk or wool, and sheep husbandry still 
occupies an important place in the culture of many peoples 
around the globe. The wild sheep (Ovis orientalis) was 
one of the earliest ungulate species to be domesticated for 
agricultural purposes. Its domestication took place in the 
Fertile Crescent, most probably in multiple areas, during the 
9th millennium BC.1 The coat of the early domestic sheep 
(Ovis aries) was hairy, resembling that of its wild ancestor. 
This type of coat can be observed in mouflons from Sardinia 
and Corsica, which are regarded as early feral domestic 
sheep.2 The agents and events that subsequently led to the 
development of the woolly sheep are still only rudimentarily 
understood. A series of genetic mutations probably occurred, 
resulting in different coat qualities and finally in real wool.3 
Once the usefulness of wool was recognised, stockbreeders 
might have fostered and accelerated the development by 
selective breeding. The substitution of the woolly sheep for 

the archaic hairy form may be considered one of the major 
innovations in prehistory, providing people with the raw 
material for a greater variety of textile products.4

Given the fact that wool from the Neolithic, Chalcolithic 
or Bronze Age, like any other animal fibre, is preserved 
only in rare occasions under special archaeological condi-
tions, and even the genetics of the coat qualities are not yet 
known, research on the origin of the woolly sheep needs 
to rely primarily on indirect evidence. Only in this way is 
it actually conceivable to narrow down the beginning of 
wool production geographically and chronologically. The 
research group Textile Revolution chose a multi-proxy 
approach that draws on archaeological artefacts linked to 
textile production, written sources, archaeozoological data 
and geoarchaeological evidence to tackle the question of 
early wool exploitation.5 In this paper, selected archaeo-
zoological data from south-western Asia and south-eastern 
Europe are presented, with the aim of pursuing two basic 
questions: (1) when and where did the economic shift from 
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a milk- and meat-oriented sheep husbandry to one with a 
pronounced focus on wool production occur, and (2) when 
and how did these changes arrive in south-eastern Europe? 
Over 30 years ago, in a discussion of the beginning of wool 
production, Andrew Sherratt stated, ‘The answer can only 
come from a large number of faunal studies using age- and 
sex-specific mortality estimates’.6

The archaeozoological database
In recent years the number of sites with faunal remains rel-
evant to the emergence of sheep with woolly fleece or wool 
production has grown immensely. The quantity of osteolog-
ical collections actually available in south-western Asia and 
south-eastern Europe amounts to several hundreds; however, 
they are of different degrees of quality. For the present study, 
only data from those settlements that provide a faunal assem-
blage with more than 500 identified mammal remains were 
considered (Fig. 9.1a and b). Materials from religious and/or 
cultic contexts were excluded. The underlying database was 
developed by one of the authors (H.C. Küchelmann) who 
also documented the data over the last four years. To keep 
on project schedule, we gave priority to sites in south-east-
ern Europe, while for south-western Asia a smaller number 
of assemblages (with more than 1000 identified mammal 
remains) were included. During data acquisition no selection 

was made with regard to representativeness of the faunal 
samples (small- versus large-scale excavation, hand-collected 
versus sieved materials) and quality of publication (single 
table versus monograph, reliability of the species identifica-
tion). The collecting and recording of data was focused on 
those sites that date to the time span between 7000 and 1500 
BC, putting most emphasis on the 5th to the 3rd millennium 
BC when wholly sheep most probably made its appearance. To 
allow diachronic studies, each site or phase of a site (sub-unit) 
was assigned, whenever possible, to a time slice of 500 years.

A defined set of data was recorded that consists of three 
interrelated levels. Level 1 (‘site core data’) includes the 
general identification data of each site, comprising site name, 
location (latitude and longitude), site category, country, 
year(s) of excavation, chronological information and refer-
ences. Level 2 (‘site bone data’) consists of data related to 
the specific faunal assemblage. These are frequencies (NISP 
– number of identified specimens) of the major livestock 
species, frequency of artiodactyl game, age data for sheep/
goat (on mandibles and epiphyses of postcranial elements), 
sex data for sheep (on horn cores and pelvic bones) and 
pathologies. Level 3 (‘Ovis bone metrics’) consists of 
selected measurements of single sheep bones.

A total of 401 sites respectively 565 subunits were entered 
into the database by H.C. Küchelmann. These sites produced 
more than two million identified mammal bones, among 

Figure 9.1 a: Geographical distribution of recorded sites combined with data on sample size (quantification: number of identified mammal 
bones)
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Figure 9.1 c: Abundance of sheep remains (NISP) at sites considered in this study

them c. 67,000 identified sheep remains (Fig.  9.1c). The 
osteometrical data record consists of 1,152 values (greatest 
length of complete long bones) for withers height calculations 
and 13,771 values for the calculation of Logarithmic Size 

Indices (LSI). An online version of the complete database 
has recently been published.7 First results of the analysis of 
archaeozoological data available in this database are presented 
and discussed here.

Figure 9.1 b: Distribution and regional grouping of sites considered in this study
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Results and discussion
The 401 sites considered here are distributed over a huge 
area stretching from the Carpathian Basin in the west to the 
Iranian highlands in the east (Fig. 9.1a). The geographical 
distribution of the sites is quite uneven, mainly reflecting 
the state of archaeological research in the two regions plus 
certain restrictions within our project (see above). Concerning 
sample size, there are 49 sites with more than 10,000, 272 
sites with 1000 to 10,000 and 80 sites with less than 1000 
identified mammal remains. For comparative purposes the 
sites were grouped into six sub-regions: the Carpathian area, 
western Black Sea area, Greece, western Turkey, northern 
Levant and southern Levant (Fig. 9.1b).

The chronological resolution of the available data is 
illustrated in Figure 9.2. Numerous faunal assemblages have 
been analysed and presented only as bulk samples without 
further precise dating according to contexts or intra-site 
phases. However, there are still 312 sites or sub-units left 
that could be assigned to time slices of 500 years. They 
show an uneven distribution over the time period from 7000 
to 1500 BC. A large amount of data is available for the 6th 
and 5th millennium BC, whereas for the 4th and 3rd millen-
nium BC the quantity of data decreases dramatically. This 
is an unfavourable situation, because these two millennia 
in particular were most important for the questions raised 
here. Also, taking into account the uneven distribution of 

sites, it turns out that there is no region in south-eastern 
Europe or south-western Asia for which we might pursue 
very detailed questions over a long time sequence on a broad 
basis of bone material.

Since the beginnings of animal husbandry, sheep along 
with goat, cattle and pig formed the basis of stockbreeding 
in south-western Asia and south-eastern Europe. Figure 9.3 
presents the diachronic development in the ratio of these 
species within the faunal assemblages for three sub-regions 
of south-eastern Europe based on NISP counts to illustrate 
the extent and importance of sheep husbandry through time. 
Due to the known difficulties in distinguishing bones of sheep 
and goat, both species are considered together in this figure.

In Greece, sheep/goat shows a percentage of c. 80% in the 
oldest period (6500–6000 BC). Subsequently, their proportion 
steadily decreases to c. 40% in the period 3500–3000 BC. After 
this, there is a slight increase in the percentage of sheep/goat 
(c. 50%). The western Black Sea area shows a similar trend 
with steadily decreasing percentages of the small ruminants 
from the oldest periods (c. 50%) to the period 3000–2500 BC 
(c. 25%) and a significant increase in the proportion of sheep/
goat in the youngest periods. In the Carpathian basin the com-
position of the domestic fauna is very variable, exhibiting no 
clear trend. We see high percentages of sheep/goat in the two 
oldest phases (c. 50–70%) followed by a sharp decrease in the 
periods 5500–4500 BC (<20%). The subsequent periods are 

Figure 9.2: Chronological distribution of sites and subunits that could be assigned to time slices of 500 years
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Figure 9.3: Diachronic development in the ratio of sheep/goat, pig and cattle in three sub-regions of south-eastern Europe
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characterised by an up and down in the amount of the small 
ruminants varying between c. 20% and 40%.

These results sharply contrast to those of south-west 
Asia, which will be mentioned only briefly. In the northern 
and southern Levant, the small ruminants (sheep and goat) 
are by far the most frequent domestic mammal species in 
all periods for which the ratio could be evaluated. The per-
centage of sheep/goat mostly exceeds 75%. There are two 
significant outliers with high proportions of pig (>30%), i.e. 
in the periods 5000–4500 BC in the southern and 3000–2500 
BC in the northern Levant. In the sub-region of western 
Turkey, we see a high percentage of sheep/goat (c. 70%) 
in the oldest period (6500–6000 BC). In the subsequent 
periods, sheep and goats are still the most frequent species 
among the domestic mammals, but their proportion is signif-
icantly lower, varying between c. 40% (periods 6000–5500 
and 4000–3500 BC) and c. 60% (from 3500 BC onwards).

Among the bone finds of the small ruminants, a distinction 
between sheep and goat can usually be made for at least a part 
of the material, thus allowing a rough estimation of the ratio 
between sheep and goat in the faunal assemblages. Figure 9.4 
illustrates the development of this ratio in the two regions 
under study. In south-western Asia, the ratio between sheep 
and goat varies between 1:1 and 3:1. No clear trends in the 
development of this ratio are visible. The oldest periods and 
those between 3000 and 2000 BC exhibit the highest percent-
ages of sheep in the collections of the small ruminants. As 
might be expected, the sites of south-eastern Europe generally 
show a higher proportion of sheep. The ratio between sheep 
and goat varies between 3:2 and 5:1. It appears that the share 

of sheep among the small ruminants declines slightly from 
the oldest to the youngest period, interrupted by an increase 
of this species in the period 3500–3000 BC.

The way sheep and other domestic animals were primar-
ily exploited in the past is reflected in the age structure and 
sex ratio of the corresponding bone collections. Sebastian 
Payne has outlined models for the types of kill-patterns one 
might expect from meat-, milk-, and wool-/hair-producing 
flocks of sheep and goats.8 When these species are kept 
primarily for meat, most of the animals will be killed by 
approximately 2–3 years of age. It is at this age that the 
sheep and goats approach bodily maturity and continuing 
to feed them beyond this will not substantially increase 
meat output. A relatively small number of adults will be 
kept for breeding purposes. Shepherds emphasising milk 
production will eliminate excess lambs and kids, especially 
males, early in the first year of life. Wool-production 
strategies in sheep lead to very different age distributions, 
since adult animals, and especially castrates, are primary 
wool-producers. One might therefore expect to find a 
high proportion of adult animals in the kill-off from a 
wool-producing flock.

In Figures  9.5 and 9.6 the kill-off pattern of sheep is 
evaluated on dental eruption and wear in mandibles, a 
widely used method. Although nowadays a distinction 
between sheep and goat is partly possible on the basis of 
mandibles, the relevant finds were pooled (sheep/goat). This 
is because most of the older publications present age data 
on mandibles for both species as one group. The sex ratio 
of sheep, however, was evaluated on pelvic bone finds. 

Figure 9.4: Diachronic development in the ratio of sheep and goat in south-western Asia and south-eastern Europe
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Figure 9.5: Age structure of sheep/goat and sex ratio in sheep (% of males) for selected sites in south-western Asia

Figure 9.6: Age structure of sheep/goat and sex ratio in sheep (% of males) for selected sites in south-eastern Europe
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Due to the fact that most of the female sheep in prehistoric 
times were hornless, sex determinations on horn cores are 
generally heavily biased towards males. For this reason 
sex identifications on horn cores were excluded from the 
analysis. Figures  9.5 and 9.6 present the kill-off pattern 
in sheep/goat for sites that have produced more than 20 
ageable mandibles and the sex ratio for assemblages with 
more than 20 sexable pelvic bones. The mandibles were 
originally assigned to 10 different age classes according to 
a system used in the Archaeological-Zoological Working 
Group Schleswig.9 In the corresponding figures, they are 
reduced to four to facilitate their readability.

The sites in south-western Asia exhibit a great variability 
in the age structure of sheep/goat (Fig.  9.5).10 In most of 
the assemblages, animals older than two years of age when 
slaughtered form the largest group. A diachronic view does 
not show clear trends in the development of the age struc-
ture. This also applies if the data set is reduced to sites with 
more than 100 ageable mandibles. Concerning sex ratio, 
female sheep clearly prevail among the sub-adult and adult 
animals in the collections of the oldest periods (6000–5500 
and 5000–4500 BC). This pattern points towards a mode of 
exploitation where meat and milk were the main products. 
From 4000 BC the proportion of male sheep increases sig-
nificantly. In general, rams and castrates now represent more 
than one-third of the animals. Very high percentages of male 
sheep (>50%) have been observed at Tall Hujayrat al-Ghuzal 
and Troy. Because male sheep, and in particular castrates, 
produce more wool and a wool of better quality than females, 
this change in sex ratio could be an indication of an economic 
shift from a milk- and meat-oriented sheep husbandry to one 
with a pronounced focus on wool production.

Similarly to south-western Asia, the sites in south-eastern 
Europe show a great variability in the age profile of sheep/
goat (Fig. 9.6). Most of the assemblages are characterised 
by a high proportion of animals older than 24 months of 
age. Again, no trend in the development of the age structure 
is visible, pointing to the fact that sheep and goats were 
always kept for a broad spectrum of products with varying 
importance from site to site. Even within the same culture 
a high variability of exploitation strategies can be detected. 
Females dominate among the sub-adult and adult sheep in 
most of the assemblages of the older periods. In contrast 
to south-western Asia, higher percentages of males occur 
only from the second half of the 3rd millennium BC. This 
is the period (Early Bronze Age) during which the keeping 
of woolly sheep and the exploitation of wool is generally 
expected in south-eastern Europe.11

The last aspect to be discussed here is the development 
of size and body shape in sheep using the logarithm size 
index (LSI) method.12 In this method, the differences 
between the logarithmic value of a prehistoric bone and the 
corresponding logarithmic value of a standard individual for 
selected dimensions (bone measurements) are calculated. 

The resulting LSI values can then be treated statistically, 
e.g. for the calculation of parameters such as mean, median 
and standard deviation for specific groups of bones (sub-
units, time periods). In this study, for the calculation of LSI 
values a set of 23 breadth and depth distances has been 
chosen from post-cranial elements that have a good chance 
of becoming preserved (bones with early fusing epiphyses 
plus talus and calcaneus). The standard individual used here 
is a skeleton of a recent female sheep from the Bavarian 
State collection.13 The archaeozoological database contains 
a total of 13,771 measurements of single sheep bones for 
which LSI values have been calculated. Two graphs present 
an overall picture of the development of size and shape 
in sheep in south-western Asia as well as in south-eastern 
Europe (Figs 9.7 and 9.8). In these graphs, the LSI values 
are grouped into periods covering the time span from 6500 
to 1500 BC.

In south-western Asia, the sheep of the early periods 
(6500–4500 BC) are quite uniform in size and body shape, 
i.e. the mean values and ranges (minimum, maximum) are 
similar (Fig.  9.7). In the following periods (4500–3000 
BC), a rising mean value and a shrinking of the variability, 
in particular for the minima, can be seen. This indicates 
the presence of larger or more robustly built sheep at that 
time. From 3000 BC onwards, again a larger variability and 
a slight decrease of the mean values become apparent. In 
south-eastern Europe, the development of size and shape 
in sheep shows a somewhat different picture (Fig.  9.8). 
For a long period of time, i.e. from 6500 to 3500 BC, the 
osteometric data show a slight but steady decline in the mean 
values, while the variability remains almost unchanged. 
After 3500 BC, and especially in the period 3000–2500 
BC, a clear increase in the mean values can be seen and at 
the same time higher lower and upper ranges (minimum, 
maximum) in the LSI distribution. Similar to south-western 
Asia, the presence of larger or more robust built sheep can be 
assumed at that time. In the subsequent periods (2500–2000 
BC), size and shape in sheep remain more or less the same, 
followed by a period (2000–1500 BC) where we see again 
a larger variability and a marked decline of the mean value.

Both in south-western Asia and south-eastern Europe, 
small-sized sheep were typical for the Neolithic period. 
From 4500 BC onwards sheep of larger size and more robust 
body shape occur at first at sites in south-western Asia. 
Whether they represent a completely new breed of sheep 
introduced from an unknown region or sheep that resulted 
from selective breeding of local sheep remains an open 
question. Possibly this new type of sheep is characterised 
by a woolly fleece. In south-eastern Europe, especially on 
the Balkan Peninsula, a similar development is visible, but 
with a considerable delay of time. Here, sheep of larger size 
and more robust body shape occur from 3000 BC onwards. 
It has still to be demonstrated, probably via genetic studies, 
whether these larger sheep represent imported animals from 
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Figure 9.7: Development of size and shape in sheep in south-western Asia presented as boxplots of LSI values. Box = distance 25th–75th 
quartile with mean, whiskers = distance 10th–90th percentile, small circles = outliers

Figure 9.8: Development of size and shape in sheep in south-eastern Europe presented as box-plots of LSI values. Box = distance 25th–75th 
quartile with mean, whiskers = distance 10th–90th percentile, small circles = outliers

the Near East or the outcome of local breeding. Possibly, 
the new type of sheep was imported to the Balkan Peninsula 
along with the domestic horse, which appears here for the 
first time at about the same period of time, originating from 
Anatolia.14

Conclusions
The archaeozoological data available from south-western 
Asia and south-eastern Europe provide some insight into the 
practice of sheep husbandry and its changes through time. 
Although a large body of information could be collected 
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and recorded, a more detailed analysis is still hampered by 
an uneven distribution of sites and unsatisfactory chron-
ological resolution of many faunal assemblages. This is 
especially true for the most interesting period of this study, 
the 4th and 3rd millennia BC. Further archaeozoological 
work on the development of sheep husbandry should focus 
on these periods.

In south-western Asia and south-eastern Europe, sheep 
along with goat, cattle and pig formed the basis of stock-
breeding between 7000 and 1500 BC. Comparing both 
regions, the extent of sheep husbandry exhibits a great 
regional variability mainly reflecting different environmental 
conditions. At sites in south-western Asia, sheep and goats 
were generally of great economic importance in all periods 
considered here. In south-eastern Europe, the keeping of 
sheep and goats gradually declined after an initial phase 
when animal husbandry became established in the course of 
Neolithisation. This can be interpreted as an adaption of the 
stock breeding of Near Eastern origin to new regions with 
different vegetation and climate. The data concerning species 
composition do not indicate an expansion of sheep farming 
at the expense of the other species that could be linked to 
the beginning of wool production. Obviously, the emergence 
of wool as a newly exploitable secondary product was not 
accompanied by greater changes in herd composition.

As might be expected, the age distributions of sheep/goat 
at the sites in south-western Asia and south-eastern Europe 
do not match any of Payne’s idealised strategies for meat-, 
milk- and wool-producing flocks. The age profiles rather 
demonstrate that over the millennia sheep and goats were 
always kept for a broad spectrum of products. Even within 
the same culture a high variability of exploitation strategies 
can be detected. But as far as the sex ratio of sheep is con-
cerned some interesting trends are visible in the data record. 
From 4000 BC onwards the proportion of male sheep that 
were kept to an older age increases significantly at sites in 
south-western Asia. This change in sex ratio could be an 
indication of an economic shift from a milk- and meat-ori-
ented sheep husbandry to one with a pronounced focus on 
wool production. In south-eastern Europe, the same trend can 
be observed, but starting later, i.e. from 2500 BC onwards.

As the metrical data show, the changes seen in the exploita-
tion of sheep were accompanied by the emergence of a new 
type of sheep. Both in south-western Asia and south-eastern 
Europe, small-sized sheep typical for the Neolithic period 
were replaced by sheep of larger size and more robust body 
shape. In south-western Asia, this development started in the 
period 4500–4000 BC and in south-eastern Europe much 
later, at about 3000 BC. This new type of sheep was probably 
characterised by a woolly coat.

Assuming that the striking changes in the sex ratio of 
sheep towards the occurrence of significantly more male 
animals in the younger periods and the corresponding 
changes in phenotype are markers of a sheep husbandry 

where wool was exploited, the archaeozoological evidence 
in fact could point to the beginning of wool production in 
south-western Asia in the centuries around 4000 BC. From 
here this new form of sheep management probably found 
its way to south-eastern Europe at the turn from the 4th to 
the 3rd millennium BC.

In a further step of evaluating the origin and spread 
of wool production, it will be necessary to combine our 
results with those from related studies within the Textile 
Revolution project (artefacts linked to textile production, 
written sources, geoarchaeological research).
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