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DRAUGHT CATTLE AND ITS OSTEOLOGICAL INDICATIONS:
THE EXAMPLE OF SAGALASSOS.

Bea De Cupereand Marc WaelkeRs

Abstract

An osteological study undertaken on the metapodiatsphalanges of modern draught oxen and yourg lledl to the defi-
nition of a series of draught-related anomaliesicivitan be quantified using a scoring scale foheadividual pathology
(Bartosiewiczet al. 1997). The present paper describes the resuliseoépplication of this method to the cattle rersain
from classical Sagalassos (Burdur province, SW-Trk&ex distribution and the age structure of tutle population, land
use in the territory of Sagalassos and literarysEsiare used as additional evidence for the usatté as beasts of burden
at the ancient site.

Résumé

Une étude ostéologique menée sur des métapodes phdlanges de beeufs de trait et de jeunes taurealernes a permis
de distinguer une série d’anomalie liées a laipaalont la gravité est évaluée a I'aide d'un sys@e scores (Bartosiewicz
et al. 1997). Cet article décrit les résultats d’applmatile cette méthode aux restes de beceufs du sitesrae Sagalassos
(Province de Burdur, Sud-Ouest de la Turquie). Lzarition des sexes et des classes d’age de lalgimpubovine,
I'exploitation de la terre sur le territoire de @lssos ainsi que les sources écrites sont usilisgmme des preuves supplé-
mentaires de I'utilisation du bceuf pour la tractsum ce site.

Key Words:Draught cattle, palaeopathology, Turkey, Roman/ERyizantine

Mots Clés: Baeufs de trait, paléopathologie, TurgR@mnain/début Byzantin

Indications for the draught use of cattle

Cattle have been kept since prehistoric times iféereént purposes, i.e. meat, dairy products, skid
physical power. Archaeological evidence for the ofseattle as draught animals, e.g. yokes, ploughs,
figurines or depictions of cattle at work, are fddrom the Neolithic onwards, while literary sowsce
can be used as well from the Bronze Age onwardsha@gozoological studies emphasise the use of
cattle for meat and dairy products, but their usel@ught animals is rarely dealt with. Certain pa-
thologies in the skeleton have been attributedremght exploitation, i.e. depressions on the horn
cores (Benecke 1994: 147), hip joint deformatiofigmour-Chelu & Clutton-Brock 1985: 298) and
deformations on feet such as exostoses on metdpadid phalanges, as well as spavin (Baker &
Brothwell 1980: 117-122), mediolateral broadenifighe medial throchlea of the metacarpal (Men-
nerich 1968: 35; von den Driesch 1975; Uerpmannefpthann 1994) and asymmetry in metatarsals
(Davis 1987: 162; Peters 1998: 71). A recent studyhe presence of pathologies on the bones of 18
modern Rumanian draught oxen (age ranging betweenl @9 years) and 7 young bulls (age 2 years)
involved the establishment of a scoring systemutantjfy draught related anomalies (Bartosievétz

al. 1997). The pathological deformations were defiagdroadening and lipping of the articular sur-
face, new bone formation near the articulations asteoarthritis (grooving and eburnation) on the
proximal and distal ends of metapodials and pha&ar{@able 1). Other anomalies were defined for
the metapodials but these could, in most casedhameixamined in the material of Sagalassos due to
the incompleteness of the long bones, and werefdrer omitted here. The severeness of the defor-
mations can be analysed for each pathology sepacatean be combined using a pathological index.
The general formula for calculating the patholobiodex (PI) is ‘Pl= (sum of scores — number of
variables)/(maximum score — number of variablesyl eanges between 0 and 1.

! Royal Museum of Central Africa, 3080 Tervuren, Betgiu
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Table 1. The pathological deformations used forcditle metapodials and phalanges of Sagalassdsharrange
of scores that can be attributed to each deformakor an explanation of the pathologies, see Biaticz et al
(1997).

MC MT Ph1 Ph2 Ph3
Proximal exostosis (PEX) - - 1-4 1-4 1-4
Proximal lipping (PLIP) - - 1-4 1-4 1-4
Distal exostosis (DEX) 1-4 1-4 1-4 1-4 -
Broadening of distal epiphysis (BRD) 1-4 1-4 - - -
Proximal osteoarthritis (PEBU) - - 1-2 1-2 1-2
Distal osteoarthritis (DEBU) 1-2 1-2 1-2 1-2 -
Total minimum score 3 3 5 5 3
Total maximum score 10 10 16 16 10
Number of variables 3 3 5 5 3

Literary sources are another possibility to indécdite use of cattle as draught animals. Althoutgin-li
ary evidence of Greek animal husbandry is someliméed, Hesiod (Works and Days Il. 405, 436,
606) does mention the use of draught oxen, whefteasphon also refers to draught animals (hypo-
zogia), including oxen, mules and horses, in cotimeavith threshing (Oeconomicus 18.3). Accord-
ing to Aristotle as well, the main function of oxems as draught animals, employed in strenuous la-
bour such as ploughing and heavy transgdigtOria Animaliun). In fact, in Greece, oxen are shown
more often as a plough-team than are mules (Ishadgkydsgaard 1992: 89). The Greeks also used
both mules and oxen for pulling carts with smaltexds. However, for heavy loads (usually placed on
wooden sleds), yoked oxen (zyga bobn) became tteah@raught animal and are mentioned as such
in various Greek building accounts (Raepsaet 198%kins 1998: 56 Fig. 16). Similar practices are
known from pharaonic Egypt as well (Klemm 1981:Hd. 42). Roman agronomist authors, such as
Columella De re rustica2.2.1.5; 2.2.24; 6.22.1), Varr®é¢s rusticael.20.2, 4-5) and Cat®€ agri-
cultura 11.2.4;14.2; 62), also document the frequent @ismttle and give technical details concern-
ing the training of working animals, their dietekding, harnessing and shoeing (Parain 1966: 144,
Toynbee 1983: 319-327; White 1970: 221, 275-288pdneral, they mention cattle, especially oxen
but sometimes also sterile cows, as working anirdedsving ploughs and carts (Columella 6.1.3;
White 1970: 278; Flach 1990: 292). Although, assades and cows could also be used as draught-
animals pulling light ploughs in light soils, theeangest ploughs could only be drawn by oxen or by
sterile cows (Pliny the Youngédgpistolae5.6.10; Spurr 1986: 29, 32). For the heaviestddéat in-
stance huge marble blocks) the Romans also yoked tmxwooden drags (trahea: Spurr 1986: 145), a
system which was still in use at Carrara duringeheier part of this century (Raepsaet 1987). g re
resentation of a pair of oxen, pulling a cart laheéth marble blocks, is for example, known for Ro-
man Anatolia (Waelkens 1986: 196 no. 486, pl. &),well as various representations on votive
monuments and sepulchral stelae, depicting oxexlat to ploughs (Waelkens 1977, 1986; Cremer
1992). In Imperial times, bulky goods, includingugr, were sometimes carried by mules (Pliny the
Younger,Epistolae2.6.5). Most landowners however, purchased oxeth&special purpose of haul-
ing wagons around their estate, or for transportivegr produce and equipment to and from the mar-
ket centres (Spurr 1986: 145). The ownership oft @iaimals eventually became a prerequisite for
agricultural expansion, since only farmers withithewn draught animals could become self-
sufficient, while those lacking these animals hadent them from the former or were forced to serve
as labourers on other farms (Kehoe 1988: 94).

It is known from literary sources that mules analdrys were used at Sagalassos for the transport
of official goods (Mitchell 1976). This is documedtin a letter sent in AD 13-15 to the city by Sex-
tus Sotidius Strabo Libuscidianusgatus pro praetoref the emperor Tiberius. It concerns the or-
ganisation of requisitioned transport within theitery of the city for the use of the Roman author



ties. The letter states that the people of Sagadasseded to provide a service of wagons for tiee ne

essary use of officials passing through their tieryiand even some miles beyond it. As draught ani-
mals, the letter only mentions mules and donkeysspide the fact that the text also refers to the
transport of grain by individuals, no mention isdeaf oxen or cattle. The osteological evidence pre

sented below, however, shows that those animals ws=ed as well.

The application of the scoring system to the mateal of Sagalassos

The scoring system of Bartosiewiez al (1997) has been applied to all cattle phalangesdstal
ends of the metapodials collected during the exgavaof Sagalassos. A detailed analysis of the re-
sults was carried out for the material of the 19994 campaigns and will be discussed here. This
material comprises 70 metacarpals, 93 metatarsalsfirst phalanges (Phl), 386 second phalanges
(Ph2) and 226 third phalanges (Ph3) (Table 2).ldbation of the Phl and Ph2 in the limbs, i.e. ante
rior, posterior, medial and lateral for the Ph1 amderior and posterior for the Ph2, was estalfishe

using Dottrens (1964).

Table 2. Scores given to distal ends of metapodiadsphalanges (A: anterior; P: posterior, M: medialateral) and
their calculated pathological index (PI).

MC MT Phl Ph2 Ph3
dist dist AL AM PL PM A P

DEX N=70 N=90 | PEX N=85 N=177 N=129 N=161 N=168 N=196| EX N=226
1 a7 56 1 29 65 43 54 57 153 1 76
2 22 34 2 55 115 82 105 108 43 2 148
3 1 0 3 1 0 3 2 2 0 3 2
4 0 0 4 0 0 1 0 1 0 4 0
DEBU N=70 N=92 | PLIP N=84 N=177 N=128 N=160 N=165 N=195 LIP N=222
1 68 90 1 17 44 19 a7 33 57 1 57
2 2 2 2 49 109 99 104 110 116 2 156

3 18 24 7 9 19 22 3 9
BRD N=68 N=87 | 4 0 0 3 0 3 0 4 0
1 35 60
2 29 26 PEBU N=86 N=177 N=129 N=161 N=169 N=197| EBU N=226
3 3 0 1 86 177 126 161 168 197 1 226
4 1 1 2 0 0 3 0 1 0 2 0

DEX N=86 N=174 N=128 N=158 N=167 N=196

1 19 50 15 16 89 161

2 65 120 110 138 73 35

3 1 4 3 4 4 0

4 1 0 0 0 0 0

DEBU N=86 N=177 N=129 N=161 N=169 N=197|

1 85 177 129 161 169 197

2 1 0 0 0 0 0
PI N=68 N=85 | PI N=84 N=174 N=127 N=157 N=164 N=194 PI N=222
0 31 41 0 10 23 9 10 13 48 0 41
0.143 18 29 0.091 10 28 12 23 46 86 0.143 51
0.286 15 15 0.182 15 30 26 34 40 34 0.286 121
0.429 3 0 0.273 31 71 68 79 48 22 0.429 7
0.571 0 0 0.364 16 21 8 8 12 4 0.571 2
0.714 1 0 0.455 1 1 2 2 3 0 0.714 0
0.857 0 0 0.545 0 0 1 1 0 0 0.857 0
1 0 0 0.636 0 0 1 0 1 0 1 0

0.727 1 0 1 0 1 0

0.878 0 0 0 0 0 0

0.909 0 0 0 0 0 0

1 0 0 0 0 0 0




) A certain degree of exostosis and lipping is ob-
served on many phalanges: 60 to 90% of the Phl
a0 4 and the Ph3 received a score of 2 or more for
these anomalies. Proximal and distal exostoses
0 4
%
4

—=—Ph2P (n=1%4)
P in the anterior Ph2 were noticed in 66% and
| 46% of the finds respectively; in the case of the
\ posterior Ph2 the incidence of exostosis is lower,

—0—Ph2 A (n=164)

respectively 22 and 18%. Lipping is frequently
f j present in both anterior and posterior Ph2. About
0 one third of the metapodials showed distal
0 0091 0182 0273 0.364 0455 0.545 0.636 0.727 0818 0909 1 exostosis while the broadening of the trochlea
2 was observed in less than 50% of the cases.
Fig. 1. Pathological indices (Pl) calculated fortapedia: YWhen a score higher than 1 was given, most
and phalanges, indicating higher valueshia fore limb tha ~ were 2 scores, seldom 3. Score 4 was, with the
in the hind limb (A: anterior; P: posterior, M: nial L: exception of one metacarpal, only given to
lateral). specimens that also displayed osteoarthritis. The
presence of eburnation and grooving is very re-
stricted and was noticed in only a few cases, i.e.
in 2 metacarpals, 2 metatarsals, 4 posterior Plahtdrior Ph1l and 1 anterior Ph2. In the caseef th
first and second phalanges, the relation betwesnasid score was examined by plotting the length
(GL) to the smallest breadth of the diaphysis (SD);elation to the given scores of the individual
pathologies. Scores 3 and 4 were observed in tigerlaheavily built bones, whereas score 1 was
given to the smaller and slender specimens. Scavas2observed on both smaller and larger sized
bones. Well-developed pathologies are thus relatéite larger animals, i.e. most probably the males

The pathological index was calculated for metagediad phalanges, following the formula given
above. Although the mean pathological index doe¢gdigplay large differences between the anterior
and posterior limbs (Table 3), higher values areenfeequently observed for elements of the fore
limb when the calculated indices are displayed ljaghly (Fig. 1). Development of pathological de-
formations are thus, slightly higher in the fonati than in the hind limb. This was also the case fo
the Rumanian oxen. Indeed, the fore limbs carryeatgr part of the live weight than the hind limbs
and wither-harnessed cattle exert an additional tathe fore limbs which might lead to more severe
pathological deformations in the anterior skeletaments (Bartosiewicet al. 1997: 61). Differences
between lateral and medial sides are negligible¢hfematerial of Sagalassos (Table 3, Fig. 1).

The data from the Sagalassos material were compatiedhose of the Rumanian draught oxen and
young bulls. The pathologies were considered hetiwidually (Fig. 2). As expected, the pathological
deformations of the Sagalassos material were gisnecared lower than the modern oxen but higher
than the young bulls. The collection from Sagstdadiffers from the modern oxen sample in that i

Table 3. Mean and standard deviation of the patficéd indices (PI) calculated for the cattle phglesiand
distal metapodials of Sagalassos.

Sagalassos mean Pl standard deviation confidenek le
MC 0.131 0.150 95%

MT 0.099 0.108 95%

Ph1 anterior lateral 0.227 0.130 95%

Ph1 anterior medial 0.205 0.116 95%

Ph1 posterior lateral 0.237 0.112 95%

Ph1 posterior medial 0.218 0.099 95%

Ph2 anterior 0.193 0.119 95%

Ph2 posterior 0.111 0.092 95%

Ph3 0.207 0.123 95%




MC - DEX MC - BRD

100% ez =] ) 100% |
80% + 80% +
60% + - 60% +
40% + 40% -+ -
- T .
0% - A 3 0% - 3
Saga oxen bulls o2 Saga oxen bulls o2
n=70 n=28 n=10 n=68 n=28 n=10
(n=70)  (n=28)  (n=10) . (n=68)  (n=28)  (n=10) .
MT - DEX MT - BRD
100% + 100%
80% + 80% +
60% + 60% +
40% + 40% +
20% + m4 20% + m4
0% - 3 0% - 3
Saga oxen bulls o2 Saga oxen bulls o2
n=90 n=28 n=6 n=87 n=28 n=6
(n=90)  (n=28)  (n=6) . (n=87)  (n=28)  (n=6) .
Ph1l A-PEX Ph1 P - PEX
100% + ‘ ? 100% -
80% + 80% -
60% + 60% -
40% - 40% -
0% - 3 0% - 3
Saga oxen bulls o2 Saga oxen bulls o2
(n=262) (n=58) (n=20) o1 (n=290) (n=56) (n=12) o1

Fig. 2. Scores given to the metapodials and phekin§ Sagalassosd§a), compared to the data on the modern oxe
young bulls (A: anterior; P: posterior).
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Fig. 2. continued
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Fig. 2. continued

m4
m3
02
m1

m4
@3
a2
m1



comprise bones from both females and males asdikely that in this archaeozoological assemblage
remains occur of animals that were never put tckwbhe presence of non-draught cattle tempers the
relative frequency of the higher scores. Some dixmep are the distal exostosis on the metatarsals
and proximal and distal exostosis on the postétidt: relatively more bones in the Sagalassos mate-
rial were given a score higher than 1 for thes@glagies than was the case for the bones of draught
oxen. This discrepancy might be related to the tfzat not all pathologies defined by Bartosiewétz

al. (1997) are the result of draught but may be @t caused by other factors, such as age, weight
sex and substrate.

Complementary indications for draught use of cattle

The age and sex distribution of the slaughteretiecedn also be used to indicate the exploitatan f
animal power. Animals kept until an older age iatkcthat dairy products or physical power were
important, whereas the occurrence of oxen cantitltes the keeping of draught-purpose cattle. Bulls
castrated at an older age, however, do not digphyypical slender stature of oxen and are thezefo
not easily distinguished from bulls. A more or lesen distribution of mature females and males (i.e
bulls and/or oxen) might suggest that young malesewmot systematically removed from the herd as
an exclusive source of meat.

The slaughtering pattern of cattle at Sagalassdisated the consumption of mainly old animals
and the study of the complete metapodials tellhasmales and females were equally abundant (De
Cupere & Waelkens 1998; De Cupere 2000.). Therefioveas assumed that cattle at Sagalassos were
primarily kept for their dairy products and pow®/ith respect to the latter use, the ceramic ingustr
at Sagalassos must be mentioned. The importardrfgoihdustry, which was located in the western
part of the town, required a lot of raw materiaheTclays for this local ceramic production were-par
tially derived from the quaternary sediments in\th#ey of Canakli, 8 km to the south of Sagalassos
(Poblomeet al. 1997), with a difference in altitude of about 4@6tres. Not only the transport of the
clays, but also that of the end-products, had tedoeired: Sagalassos ware was mainly produced for
the regional market of Pisidia (Poblome, 1996js,lhowever, not excluded that equids (donkeys and
mules) were partially used for this task as weatice their remains are also represented at the site

Pollen analysis from a drilling core taken aboutki® south-west of Sagalassos, illustrated the
vegetation history in the environment of the siferfnoereet al 1999, 2000). An important cultiva-
tion phase was recognised within the pollen diagvanth covers the Imperial/Early Byzantine pe-
riod. Already in Hellenistic times, the inhabitard Sagalassos had to pay tribute in the form of
enormous amounts of grain to Vulso (189 BC) andréwgon around Sagalassos was described as
very fertile by Livy (38,15.9). According to litemasources, grain became the most important crop of
Roman Anatolia and in the territory of Sagalassuseasing farming activities are witnessed by an
explosion of farming sites and settlements (Waelketnal. 1997). Growing rural production de-
mands, one can assume, an increase in the numtdeaugfht animals. Indeed, the study of the animal
remains indicated that the relative abundance tleceemains increased during the Imperial period
(until the 4" century AD) (De Cupere & Waelkens 1998; De Cuj28@0.).

Discussion and conclusion

The incidence of osteoarthritis has been relateabtn with higher incidence in old age, and can be
explained by a tendency for articular cartilageitalergo degeneration with age as a result of which,
it is less able to withstand injury (Vaughan 196¥)hough no relation between age and pathological
anomalies could be established for the modern titamen (Bartosiewiczt al. 1997: 64), the study

of the first phalanges from late medieval Koekel@elgium), where animal power is believed to
have been provided mainly by horses and the cplttdanges are interpreted as probably coming
from non-draught cattle, appeared to score genenaher than the phalanges of the young Ruma-
nian bulls (De Cuperet al 2000). The cattle at this site was mostly keptl whd age and the higher
values of the pathological index of the Koekelate, $n comparison with the young bulls, was redate
to the presence of old individuals. Despite the flaat cattle at Sagalassos were also slaughttid a



old age (see above), the mean pathological indekeoPhl was higher than the mean at the Koeke-
lare site (De Cuperet al 2000). Factors other than age are thus, respenfgibkthe pathological de-
formations in the Sagalassos cattle.

The influence of the substrate on the developmépiathologies was not examined in the Ruma-
nian oxen, nor was sex (Bartosiewiezal 1997). The substrate in the region around tleedfiSaga-
lassos is very uneven: the erosion of the undeagliimestone results in loose stones and sharp edges
on which the animals might injure their feet. Tla¢her steep slopes around the town of Sagalassos
created another obstacle. One can therefore asthainthe substrate played a certain role in the de-
velopment of pathologies in the feet of animalsleked, pathologies have not only been observed in
cattle but also in ovicaprines (non-draught anijpatbeit in very low numbers (De Cupere 2000).
The following anomaly should also be mentioned hieee depressions on the volar side of metapo-
dials, more or less symmetrically above the dismphysis. This pathology was described by Barto-
siewiczet al (1997) for the modern oxen but not discussedetaitlabove. It results from a chronic
inflammation of the articulary capsule. The capstiave extensions on the shaft in the shape of smal
pockets. When the pockets are constantly inflarmetsavollen, the underlying bone can become re-
modelled and displays depressions (Van Neer & Dge®11993). In the case of Sagalasssos, depres-
sions on metacarpals could be scored in half ofities only, due to the incompleteness of the mate-
rial and therefore this pathology was initially ¢t®d from the present study. However, from the ex-
amined material it appeared that depressions wesereed in 69% of the cases at Sagalassos, while
only 44% of the Rumanian oxen showed this anonTdig. high incidence of depressions on the shaft
of the Sagalassos metacarpals can thus not beretted as a result of draught work but seems rather
to be inflicted by the irregular substrate.

Considering agricultural activities on the terntasf Sagalassos and the potters’ industry in the
town, draught oxen must have been indispensabth,foofarmers and craftsmen. Although the liter-
ary evidence regarding the town of Sagalassos mmespecifically mention draught oxen, it is known
from other sources that during classical timesdha@smals were in general used for ploughing and
pulling heavy loads (see above). Their presendb®site seems thus self-evident.

The applied methodology was initially establishedlétermine the presence of draught animals at
individual sites, based solely on cattle remaitsemains, however, quite difficult to unequivogall
explain the pathological anomalies that are obstorethe cattle metapodials and phalanges of Saga-
lassos. The rather low incidence of severe devdlgaghologies is probably due to the nature of the
analysed collection, which consists of both males famales, some of which were never put to work.
Slight deformations may occur in animals that wemb/ put to work for a relatively short period of
time or which were subjected to a milder work regiover a longer period. On the other hand, as
light anomalies can also be related to age, subshraother possible factors, individual finds wéh
poor development of pathologies should not necigds interpreted as the result of draught work.
Only the various kinds of archaeozoological datalmioed with information from other disciplines,
can lead to a correct understanding of the obseamednalies. Therefore, taking all facts under con-
sideration — i.e. the frequency of the pathologitefbrmations, their degree of development, the-env
ronment, the age at slaughtering, the sex distabwnd the economical background of the site — the
pathological deformations observed on the cattltapmlials and phalanges can be interpreted as, at
least partially, the result of heavy labour.
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