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Introduction

Archaeozoological studies demonstrate presence of two domestic sheep forms
in prehistoric Europe. These two forms were distinguished in the literature already
at the beginning of the 20™ century (STEGMANN 1923; quoted after BOGOLUBSKI
1968), and additions are constantly being made to their descriptions (BOKONYI
1983). Initially, the Neolithic Europe was inhabited by a small sheep with an
average withers height of 60 cm. This sheep, designated Ovis palustris, was
assumed by Adametz (1925) deriving from Ovis orientalis, and by Duerst (1926) as
originating from Ovis vignei.

The other sheep form was approximately 10 cm taller than Ovis palustris and it
appeared in Europe late in the Copper Age. Earlier authors mistakenly see it as a
descendant of the mouflon Ovis musimon, believing it to have been domesticated in
south - eastern France. In our day Bokonyi (1983) is of the opinion that the sheep
reached Europe together with the south-eastern migration wave.

In this work we strove to distinguish the two sheep forms, and to describe their
range of occurrence in various chronological periods together with their spread in
Europe and Asia. We distinguished the sheep forms through macromorphometric
analysis of withers heights of domestic sheep living in Europe and Asia from the
Neolithic to the Middle Ages.

Macromorphometric analysis of abundant archaeozoological materials excel-
lently describes the secular trend and geographical differentiation of animals. We
have previously described these phenomena in the domestic pig (LASOTA-
MOSKALEWSKA et al. 1987), aurochs (LASOTA-MOSKALEWSKA, KOBRYN 1990),
and goat (LASOTA-MOSKALEWSKA ef al. 1991).

Material and methods

Metacarpus III+1V, metatarsus III+IV, and radius lengths, as well as several
dimensions of femur and humerus, were culled from archaeozoological literature
(AMBERGER 1979; ANSCHUTZ 1966; ARBINGER-VOGT 1978; BENEKE 1988;
BERGQUIST, LEPIKSAAR 1957; BEYER 1970; BOESSNECK 1958, 1973; BOESSNECK,
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DRIESCH 1979, 1985, 1986, 1988; BOESSNECK, PETERS 1988; BOESSNECK, STORK
1973; BOESSNECK, WIEDEMANN 1972; BOESSNECK, ZIEGLER 1987; BOKONYI
1976a, 1976b, 1981; BREU 1986; BUSCH 1985; CALKIN 1962; CHRZANOWSKA
1986; DONNERBAUER 1968; DRIESCH 1984; DRIESCH, KOKABI 1977; EKMAN 1973;
FRIEDL 1984; GAUTIER 1970, 1972; GAUTIER, RUBBERECHTS 1976; GAWLIKOWSKI,
STEPIEN 1984; GODYNICKI 1973; GODYNICKI, SOBOCINSKI 1977; HAIMOVICI 1969;
HANSCHKE 1970; HORNBERGER 1970; HOUWALD 1971; JANASZEK 1979;
JERNIGAN, SOBOCINSKI 1979; JORDAN 1975; KARRER 1986; KNECHT 1966;
KRATOCHVIL 1969; KRAUSS 1975; KRUPSKA 1977, 1978; KRYSIAK 1950, 1951/52,
1966; KUSSINGER 1988; KUHNHOLD 1971; KUPPER 1972; LASOTA-MOSKALEWSKA,
SANEV 1985/86; LIPPER 1985; MAKOWIECKI 1989a, 1989b; MENNERICH 1968;
MISSEL 1987; MULLER 1964; NEUBERT-SAUER 1968; NODDLE 1977; PIEHLER
1976; RAUH 1981; SACHENBACHER-PALAVESTRA 1986; SCHRAMM 1973, 1987;
SCHRAMM, SPYCHALA-BALECZNA 1988; SCHWARTZ 1989; SOBOCINSKI 1964,
1967, 1969, 1971, 1973a, 1973b, 1976a, 1976b, 1976c, 1976d, 1977a, 1977b,
1978a, 1978b, 1978c, 1979a, 1979b, 1980a, 1980b, 1980c, 1981, 1985a 1985b,
1986a, 1986b, 1987a, 1987b, 1988a, 1988b, 1989, 1991; SOBOCINSKI,
MAKOWIECKI 1987, 1991; STAHL 1989; STEBER 1986; STORK 1978; STREITFERDT
1972; SWEGAT 1976; TEICHERT 1975, 1985, 1988; UERPMANN 1977; UNDHEIM
1985; WACHLER 1978; WEILER 1981; WESSELY 1975; WYROST 1965; VOROS
1980, 1982/83, 1986, 1988; ZURAVLEV 1981, 1991). The considered bones bear
features characteristic for the species and are easily distinguishable from the bones
of goat. The dimensions served to calculate the withers height of sheep using
Teichert's (1975) coefficients. We obtained a total of 1909 withers heights of sheep
from the period between ca. 5000 BC to ca. 1500 AD. The animals lived in various
parts of Europe, and in western and central Asia; several of the sheep came from
northern Africa. The material was divided into the following chronological groups:

Period I: before 2000 BC

Period II: ca. 2000 to 500 BC

Period III: 500 BC to AD 500

Period IV: after AD 500

Basing on the series of withers heights of sheep from Period I, we distinguished
the following categories:

(i) small sheep: max. 59.9 cm,

(ii) medium-sized sheep: 60.0-69.9 cm,

(iii) large sheep: upwards of 70.0 cm.

Depending on the presence of either small or large sheep in Period I, the
considered area was divided into zone A (no large sheep) and zone B (no small
sheep).

The differences between arithmetic means of withers heights were tested with
the t-Student's test. The degree of differentiation of sheep in the two zones in
Period I was determined by variance analysis.
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Results
Period I

Material from the oldest period comprised 184 withers heights of sheep from 12
countries and regions (table 1). The area where no large sheep were found
(Yugoslavia, Hungary, Germany, Poland, northern Turkey and Greece) was
designated zone A. There were 51.1 % of small sheep and 48.9 % of medium-sized
sheep here, with withers heights ranging from 48 to 69 cm.

In the remaining area, called zone B, there were large forms but no small sheep.
This zone extended over central Asia, the Ukraine, southern Turkey (Anatolia) and
Syria. Medium-sized sheep accounted for 68.9 % of the studied materials, and large
animals - for 31.1 %. Withers heights here ranged from 60 to 78 cm.

In zone A the arithmetic mean of sheep withers height was 59.2 cm (n = 135).
In the six studied areas of this zone the mean ranged from 57.6 cm in Yugoslavia to
63.1 cm in Greece. There were no small sheep in Greece, and all the animals there
were of the medium-sized variety. The significance of this finding is however
reduced by the fact that in our material there were only six sheep from this country.
Variance analysis showed that the sheep in zone A did not differ significantly:

F=131< Fa=0.05 =2.29, N 5, V3= 129.

In zone B the arithmetic mean of sheep withers height was 68.2 cm (n = 44).
This group comprised animals from four countries and the means ranged from
67.8 cm in southern Turkey to 69.9 cm in the Ukraine. There were no statistically
significant differences among the sheep in this zone:

F=0.25<F,-005=2.83, v; =3, v, =40.

The arithmetic means of sheep withers heights in both zones differed by 9 cm
and this difference was statistically significant:

t=1 11785, vl Tt <0017 21876

The material from Turkey was initially treated as a whole, but its territorial
differentiation eventually enabled its division into three parts. In the north-western
part the arithmetic mean of sheep withers height was 61.3 cm (n = 11), in the north-
eastern part it was 60.8 cm (n = 8), and in the southern part - 67.8 cm (n = 12).
Given that there was no significant difference between the first two means, both
areas were combined into one unit called northern Turkey; the arithmetic mean
there was 61.1 cm (n = 19). The difference between sheep heights in northern and
southern Turkey amounted to 6.7 cm and this figure was statistically significant:

t=2.692,v=29>t,-g05 = 2.045.

Outside the two distinguished zones was Egypt where only large sheep were in
evidence (arithmetic mean 77.2 cm, n = 4). A single large sheep was also observed
in Spain, but this was insufficient material to justify the country's inclusion in any
of the distinguished zones.

Period IT

A total of 325 withers heights of sheep from 10 countries and regions (table 2)
were collected. In two of these only single heights were available, and this
precluded their comparison with other areas. Small sheep alone were found in
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Yugoslavia and Hungary. Small and medium-sized sheep occurred in northern
Turkey. The greatest, variety of sheep forms-small, medium-sized and large-was
found in Greece, Germany, southern Turkey and central Asia. Medium-sized and
large sheep were in evidence in Iraq, but they were not very numerous (4) and it
cannot be precluded that the variety would have been greater if more material from
the region was available. Poland yielded only one withers height (small sheep).

There were 295 sheep in zone A, with the majority (53.6 %) being medium-
sized sheep, followed by small forms (43.0 %) and a few (3.4 %) large animals.
Zone B yielded 30 animals, with 59.3 % of their number being medium-sized
sheep, 21.9 % being small sheep, and 18.7 % belonging to the large variety.

The arithmetic means of sheep withers heights in both zones differed by 4.3 cm,
and this difference was statistically significant: t =3.03, v=325>t,_0, = 2.576.

Period ITT

798 withers heights of sheep from 13 countries and regions (table 3) were
considered. Small sheep alone occurred in Yugoslavia. Small and medium-sized
animals were observed in Turkey (both northern and southern), Belgium, Norway,
and in what Calkin (1962) calls the zone of eastern-European forests, which
corresponds to Belarus. Sheep of all three categories were present in Greece,
Poland, Iran, Germany, Jordan, central Asia, and Hungary. The latter country was
in this period distinct in boasting a marked predominance of large sheep, up to 85
cm in withers height, a figure exceeding that in the largest sheep elsewhere (79 cm).
The Hungarian material came mainly from the Tag-Gorsium site, with only some
finds uncovered in Bacs-Kiskun. In Iran there was only one large sheep, and 37
small and medium-sized ones. In terms of height differentiation Iran was very
similar to southern Turkey (Anatolia), although in the latter region there were no
large sheep. In Jordan and central Asia the predominant form were large sheep, and
there were very few small animals. The arithmetic means of sheep heights were in
this area also much higher than in Iran and southern Turkey.

The sheep in zones A and B were very similar: the difference between arithme-
tic means of withers heights was 0.1 cm and was not statistically significant. There
were 605 sheep in zone A (65.7 % medium-sized, 17.5 % small, and 16.8 % large).
In zone B we studied 77 animals, of which 70.1 % were medium-sized, 15.6 %
small, and 14.3 % large.

Period IV

We considered 602 withers heights of sheep from 14 countries and regions
(table 4). Small sheep alone were found in Belgium, only because a very small
number of specimens were represented. In Norway too there were only small sheep,
but here the number of heights was greater. Small and medium-sized sheep were
observed in Belarus, Moravia, England and Switzerland. All three sheep forms
occurred in Poland, Germany, southern Turkey, Jordan, Iran and Sweden. Worth
stressing is that there were very few large sheep in southern Turkey, Germany and
Sweden. There was no material from northern Turkey dating to this period.
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Hungary and Bulgaria each yielded one withers height, and this was not enough to
characterise sheep in these countries.

In zone A we had 238 sheep, 56.3 % of which belonged to the medium-sized
category, 41.2 % to the small variety, and a mere 2.5 % to the large form.

The material from zone B comprised 124 sheep: 78.6 % medium-sized, 14.3 %
small, and 7.1 % large.

The arithmetic means of sheep withers heights in both zones differed by 2.1 cm,
and this was a statistically significant figure (t =3.41 > t,—; =2.576, v = 362).

Changes of sheep height over time

The mean withers heights of sheep from zones A and B differed most in period
I. The frequency distributions in this period were about 10 cm apart (fig. 1).

In period II the difference between the compared means was clearly reduced,
and the respective frequency distributions were close together, with a difference of
only 2-4 cm (fig. 2).

In period III there were no differences between means. The sheep height
frequency distributions were similar, although the distribution in zone B was
narrower by 12 cm, reduced symmetrically at both ends of the range (fig. 3).

In period IV the gap between the means again increased, and the distribution of
frequencies characteristic for sheep from zone B was shifted by about 4 cm in the
direction of higher figures (fig. 4).

In zone B the mean withers height of sheep systematically decreased over time
(fig. 5). After several millennia it dropped by 5 cm. In contrast, the mean withers
height in zone A kept increasing. The only irregularity came in period III wher. the
size of sheep increased sharply and then decreased again. The total growth here
over several millennia did not exceed 2 cm.

Discussion of results

In the period from the turn of the 6™ and 5" millennium BC to the mid-2"
millennium AD domestic sheep in Europe and Asia were characterised by a wide
range of withers heights, from 46 cm in the smallest animals to 85 cm in the largest
ones. The difference was thus as much as 39 cm. This differentiation cannot be
linked to chronological periods. In the four periods that were distinguished here,
the withers height frequency distributions remained in the same range, and at all
lines there were found small, medium-sized and large sheep. It seems that
differences in withers height are linked to the area of occurrence of sheep, evidence
of which is the significance of differences between mean withers heights of sheep
from the two territorial zones that we distinguished.

One of these zones extended, generally speaking, over Europe, and the other
over Asian lands. Prior to the year 2000 BC, the border between the two zones
divided Turkey into the northern and southern (Anatolia) parts. This border was
distinct: statistically significant differences between heights of sheep from the two
parts of Turkey were noted. North of the Black Sea the border probably ran across
western Ukraine, but we lacked sufficient data to plot its course with any precision.
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The Luka Vrubleveckaja site on the Dniester yielded a sheep 60.1 cm high
(BIBIKOVA 1953); the sheep in Michailske Poselene on the lower Dniester were
70.8 and 71.0 cm high (BIBIKOVA, SEVCENKO 1962); another high sheep was
discovered in Matveevka on the left bank of the lower Bug river (ZURAVLEV 1991).
Commenting on the different heights of Neolithic sheep from the Ukraine, Bibikova
and Sevéenko (1962) suggest two different origins of the animals. On the one hand
they mention the mouflon Ovis musimon as the ancestor of Ovis aries palustris, the
sheep from the site Luka Vrubleveckaja, and the present-day short-tailed races. The
other ancestor of domestic sheep would be a large Asian ram, predecessor of the
European sheep of the Bronze Age. We shall not discuss these suggestions here.

The zone of small sheep in the period prior to 2000 BC, which we distinguished
here, may be extended to include also Switzerland: sheep from the Egolzwil layers
were 57.2 and 65.5 cm high, while animals from the site Seemette ranged from 53.8
to 63.1 cm (HESCHELLER, RUGER 1942; quoted after SCHRAMM 1967). In the upper
Rhoéne valley the sheep of the middle Neolithic (Cartailloid culture) were 60-65 cm
high (CHAIX 1988).

The zone of large sheep prior to 2000 BC comprised the listed territories of
Asia (western and central) and also Egypt. Bokonyi (1985) reports that in
predynastic Egypt sheep were similar to those in Europe in the Copper and Bronze
Ages, but he does not give specific figures.

In each zone withers heights differed widely, despite absence of one size
category of the animals. Maximal differences reached 25 cm. One could suspect
that this differentiation is due to sexual dymorphism. This kind of dymorphism in
sheep height is not that great however. Hall (1991) found that in present-day
Nigeria difference between male and female West African Dwarf sheep was
0.3 cm, while in the long-legged Fulani sheep the figure was 1.7 cm. In the wild
desert Tuareg sheep from southern Fezzan height difference was 8 cm (PETERS
1940; quoted after EPSTEIN 1971). It is thus apparent from the quoted literature that
sexual dimorphism concerning withers height of domestic sheep is very limited. It
is greater in wild sheep but still not as great as the diversity observed in each of the
distinguished zones. Results of variance analysis show that the variability cannot be
linked to geographic variability of territories within a single zone. The observed
differences may be phenotypical, resulting from local peculiarities of diet and
animal husbandry.

Aside from territories obviously belonging to one of the two distinguished
zones, there are also others, which are difficult to classify. One of them is Spain:
the only sheep with recorded withers height there was in between the medium-sized
and large categories. Chaix and Grant (1987), quoting data from Hain (1982),
present an illustration showing that the sheep height in the Chalcolithic period in
Spain ranged from 65 to 78 cm. It these sheep may thus resemble animals from
zone B, and the height range may be identical to that in Syria.

According to the literature, sheep of all size categories occurred in the western
Alps about 6500-6000 years BP (CHAIX 1990), and this area seems to have been
the northernmost limit of occurrence of the large sheep in western Europe. Possibly
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there should the European border between our two zones be drawn.

Before 2000 BC the division of the considered territories into two zones was
very distinct. In the following period, covering 1500 years, this division became
blurred. The small sheep appeared in southern Turkey and central Asia, while the
large variety spread to central and southern Europe. The large sheep could have
reached Germany via Western Europe, for example from France where it was
already in evidence 6000 years BP. It certainly could not have migrated from areas
directly south of Germany since in that period it was not observed either in
Hungary or Yugoslavia. The large sheep appeared also in Greece. It is likely that
the animals did not arrive there overland, because all the areas to the north of the
country as well as northern Turkey lacked this sheep form. The appearance of the
large sheep in Greece may be an indication of trade links across the Mediterranean.

The spread of the small sheep into southern Turkey was facilitated by easy
access from the northern part of the country. The animal also found its way to
central Asia, but not as an import from Iraq (this sheep form was not to be found
there); rather, it probably arrived from western Ukraine.

In the next period, lasting ca. 1000 years and including also Roman times, the
large sheep consolidated its position in Europe. In Roman provinces, including
present Hungary, the large sheep attained a height not observed before - 85 cm.
Bokonyi (1982) writes about Pannonia: ,, The individuals of the sheep breed which
was exported from Italy to Pannonia were certainly larger than the local aboriginal
sheep ... however their most important feature - at least from the breeders'
viewpoint - was that they had tine wool”. Author believes that the large Roman
sheep crossed with the local animals, and the effect had to be in line with the
phenomenon of heterosis, the offspring being larger than their parents. In this
period the difference between the smallest and the largest sheep in Hungary was
30 cm, too large to be an effect of sexual dimorphism, and testifying to a
considerable differentiation of population, probably race-related. The local sheep
had to be small, because only such animals were to be found there in earlier times.
The large sheep must have been imports or results of special breeding.

In the next period, from AD 500 to 1500, the situation remained basically
unchanged. Large sheep were not to be found in certain areas of northern, eastern
and central Europe. Worth noting is that animals of this category occurred in
Sweden, but absence of data for previous times makes it impossible to say whether
they arrived during this particular period or earlier; there are also no clues as to
their possible origin.

The differences between sheep in both distinguished zones were greatest in the
oldest period, and this may be proof of the still considerable isolation of livestock
animals in the various regions at that time. The subsequent gradual reduction of
differences was certainly result of mixing migrating herds and economic contacts
between different areas.

Another possible factor at play here was breeding which led to the emergence of
superior races. However, one effect of such breeding should be increase of withers
height (longer limbs), a phenomenon which took place only in the small sheep
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zone A. In the large sheep zone B a reverse process was in fact observed. It was not
until the middle of the 2" millennium AD that the sheep populations from both
zones became thoroughly mixed, the fact being indicated by statistically significant
differences among mean withers heights of sheep in the oldest period.

What were the original reasons for the observed differences between sheep from
the two zones? One of them might have related to differences in ecology. However,
the distinguished zones are rather large, and each extends over areas characterised
by diverse ecological conditions, to mention but the Ukraine and the Middle East in
zone B, or Greece and Germany in zone A. Ecologically caused differentiation
should be occurring among more uniform microregions.

Another reason for the variance could have been differences in the level of
sheep husbandry in the two zones. In part of zone B (Levant) animal husbandry was
probably better developed than in zone A, perhaps as a result of much longer
history of this activity, which in the Middle East is about 3000 years older than in
central Europe. The level of husbandry greatly affected the height of sheep, best
proof of which are the exceptionally large animals from Tag-Gorsium in Hungary
in the Roman period. This interpretation is challenged however by the fact that in
Ukraine the domestication process lasted as long as in Germany and Poland. In
Greece on the other hand sheep breeding had a much longer history than in central
Europe: Boessneck's (1962) studies in Argissa-Magula suggest that this history
began around 6500-6000 BC. The withers height of sheep did not increase however
over such a long period of breeding. Initially the sheep in Greece were as small as
in the rest of Europe.

It may be speculated that the reason for differences between sheep from zones
A and B was their different origin. Different wild ancestors would explain the long
lasting variance among the studied sheep.

Corbet's (1984) systematics, taking into account the karyological studies of
Nadler (NADLER et al. 1973), distinguishes in Asia three species within the Ovis
ammon group: O. ammon Linnaeus 1758 inhabiting the area from the Altai to the
Himalayas (2n = 56), O. vignei Blyth 1841 living in the area from Kashmir and
Turkestan to Elberz (2n = 58), and O. orientalis Gmelin 1774 occurring in the
region from Elberz and Iran to Asia Minor (2n = 54).

The first of these sheep is known as the argali, and its withers height is up to
120 cm. The second sheep - the urial or arkal - attains about 80 cm, while the third,
known as the mouflon, is 65-70 cm high.

Given the maximum withers heights of the various domestic sheep, it may be
suspected that the small sheep from zone A originate from O. orientalis, and the
large animals from zone B - from O. vignei. The domestic sheep would have been
several centimetres shorter than their wild ancestors. It is rather unlikely that
O. ammon could have been an ancestor of domesticated sheep: such animals would
have been 35-40 cm lower than the wild animal. This difference seems unaccepta-
bly large given the small variability of sheep withers heights due to sexual
dimorphism and the secular trend.

Both the likely wild predecessors inhabited zone B. However, because of the
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geographical proximity of Asia Minor and Europe, it was only a domesticated
O. orientalis that stood a chance of reaching our continent. This process must have
occurred already during the preceramic Neolithic. Subsequently, this group of
sheep could have experienced different fates. Those, which ended up in the hands
of people who practised animal husbandry, became permanently domesticated and
gave rise to the line of small sheep. Others could have reverted to the wild state and
evolved into the European mouflons (POPLIN 1979; quoted after CORBET 1984).
The feral sheep could have again been subjected to domestication already in
Europe. Such cases of domestication could have taken place locally before the
onset of the Neolithic in western Europe. Examples here may be the sheep from
southern France dated to the mid-8th millennium BP (GEDDES 1985).

If we accept this interpretation we would face problems in explaining why the
domesticated O. orientalis spread only into Europe, leaving Asia to be taken over
by the domesticated O. vignei. This latter animal probably also found its way to
northern Africa and continued its expansion across the Strait of Gibraltar into the
Pyrenean peninsula and to the Alps. Once in western Europe, it could have slightly
later moved also into central Europe.

The small sheep described here is similar to the form known in archaeozoologi-
cal literature as Ovis palustris. The large sheep possibly corresponds to the, so
called, Copper sheep, although an origin of this animal is earlier than the turn of the
Neolithic and Bronze Ages.
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Fig. 1. Frequency distributions of the withers height of sheep in the period I (solid
line - zone A, interrupted line - zone B). Drawn by the authors.

Fig. 2. Frequency distributions of the withers height of sheep in the period II (solid
line - zone A, interrupted line - zone B). Drawn by the authors.

Fig. 3. Frequency distributions of the withers height of sheep in the period III (solid
line - zone A, interrupted line - zone B). Drawn by the authors.

Fig. 4. Frequency distributions of the withers height of sheep in the period IV
(solid line - zone A, interrupted line - zone B). Drawn by the authors.

Fig. 5. Changes of the sheep’s withers height mean in time (solid line - zone A,
interrupted line - zone B). Drawn by the authors.
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