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Abstract
While cattle traction is a major technological innovation of the Neolithic period, data are still lacking on the chronology, purposes, and
intensity of exploitation. This paper investigates cattle traction in the northwest Atlantic islands for which information is particularly
restricted as evidence in Neolithic Britain and Ireland has been so far patchy and inconclusive. Using a suite of methods and re�ned
criteria for traction identi�cation, we present new and robust data on a large faunal assemblage from Kilshane, Co. Dublin that
conclusively demonstrate cattle traction in the middle 4th millennium BC in Ireland. Bone pathology data combined with osteometric
analysis point out specialised husbandry practices, producing large male, likely oxen, for the purpose of cattle traction. This new
technology has important implications for the early agriculture in the region since it provides a key support for more extensive land
management practices as well as for megalithic construction, which increased considerably in scale during this period. The access to
draught animals and the exploitation of associated resources were most likely at the heart of wider changes that took place in
Neolithic society in the second half of the 4th millennium BC.

Introduction
Like other elements of the Secondary Products Revolution promoted by Sherratt for Neolithic Europe[1–3], the exploitation of cattle for
labour has been reassessed in recent decades based on osteological evidence, methodological improvements and new analytical
tools[4–9]. Material culture and iconography have been reconsidered together with these bioarchaeological markers, resulting in new
scenarios for the chronology, reasons, and processes of cattle traction adoption in Neolithic Europe[6–8].

The occasional exploitation of cattle for the pulling of heavy loads has been evidenced as early as the onset of Neolithic in the
Balkans c. 6000 BC[9]. In Northwest Europe, the earliest evidence for draught cattle is provided by exceptional waterlogged �nds from
Scandinavia and Switzerland dated to the 4th millennium BC, the Middle Neolithic. In South Scandinavia, a cattle skeleton found in a
bog and dated to 3650–3360 BC displays pathologies on the metatarsals that can be related to traction[6]. In Switzerland, the Arbon-
Bleiche 3 yoke, dated to 3384 − 3370 BC, is the earliest evidence of the use of a pair of cattle for traction[7].

As regards the factors leading to the adoption of animal traction, it appears that, contrary to Sherratt’s model of a unique innovation
horizon including transfer of animals and know-how, the socio-economic contexts within society were crucial drivers for the
appropriation of this technological innovation, resulting in different timings for the adoption of cattle traction according to the
region[8]. While the social and symbolic role of cattle traction has been highlighted for the fourth-third millennium BC in Europe[8], it is
still unclear to what extent animal labour was integrated into the daily life activities of Neolithic communities. This is fundamental to
assess the productivity gain linked to the adoption of cattle traction.

This paper focuses on the Northwest Atlantic islands for which the exploitation of cattle traction remains largely unknown. In Britain,
the use of the ard is documented by criss-cross furrows underlying the mid-4th millenium BC South Street long barrow in Wiltshire[10].
It has also been suggested that osteoarthritis, a degenerative joint disease, recorded on pelvis and scapulae from cows at the Etton
causewayed enclosure may be linked to the use of the animals for traction[11]. However, the aetiology of this pathology is complex
and other causes, such as aging, trauma or infectious disease, appear to play a more preeminent role[6, 12, 13]. Moreover, osteoarthritis
has not been recorded on the scapulae of modern draught cattle[13, 14], suggesting indeed that another factor was responsible for the
Etton pathologies.

A new opportunity to investigate the adoption of cattle traction in this region arose with the excavation of a Middle Neolithic
enclosure at Kilshane, Co. Dublin and the recovery of an unique bone assemblage representing a minimum of 58 cattle individuals[15]

(Fig. 1). To date, evidence indicates this new technology was adopted during the Middle Neolithic in other parts of northern Europe
(see above), making the Kilshane assemblage a key site to further examine this phenomenon. The aim is not only to identify cattle
traction but also the intensity of this practice, and if animals may have been bred for the purpose. Finally, potential reasons for the
adoption of cattle traction are examined using combined evidence from zooarchaeology, archaeobotany, and archaeology.

The cattle bone assemblage from Kilshane provides excellent conditions to investigate the husbandry practices and speci�cally to
assess the exploitation of cattle for traction due to the large collection of mostly intact bones from all parts of the skeletons and
crucially a high number of foot bones (metapodials and phalanges) on which the study of pathologies related to traction focusses
(Fig. 2). The cattle bones were all derived from the bottom of the ditch of the enclosure site representing the primary Neolithic deposit
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(Fig. 1). The use of the ditch is dated to the Middle Neolithic (3,600-3,000 cal BC), based on sherds from two Impressed Ware vessels
and one radiocarbon date on possible alder charcoal[15]. Speci�cally, the charcoal date, from the layer directly above the cattle bone
layer, provides a terminus ante quem of 4784 ± 33 BP (Wk-18170; 3640 − 3520 cal BC (1 δ) or 3650 − 3380 cal BC (2 δ) for the cattle
assemblage. The dominance of cattle, the careful deposition of complete bones, evidence of meat removal from the bones, and the
conspicuous under-representation of certain skeletal elements with a symbolic value indicate feasting and ceremonial activities[15].
However, the relative diversity in the kill-off patterns of cattle indicates that individuals were not strictly selected to respond to the
needs of feasting and re�ect at least partly the husbandry economy of the Neolithic communities. Indeed, a high proportion of cattle
were selected at the optimum age for meat production, at about 2 years of age, but a signi�cant number of adult cattle over 3 years
old are also represented in the assemblage. These adult individuals could have been kept for milk production, as breeding stock or to
be used for traction.

Results

Analysis of cattle phalanges
The pathologies on foot bones were studied for 85 phalanges. Due to poor preservation, a group of phalanges exhibiting a highly
eroded surface was excluded from the analysis. Nevertheless, it was possible to analyse 36 anterior and 49 posterior �rst phalanges.
As much as possible the analysis targeted only one anterior and one posterior phalange from the same individual. A high number of
phalanges show a certain level of pathological alteration (Table 1), with a majority of individuals presenting stage 2 of proximal and
distal exostoses as well as proximal lipping (Table 1; Fig. 3). Rare specimens present an intense pathological remodelling. Only one
occurrence of stage 3 for the distal exostoses and the proximal lipping was recorded on an anterior and a posterior phalanges
(Fig. 4). No osteoarthritis was recorded on the Kilshane cattle bones. This is not surprising as the animals are relatively young and
both ageing and/or traction work did not have a long-term in�uence. The pathologies are slightly more pronounced on the posterior
phalanges than on the anterior ones (Table 1). On animal skeletons not used for traction (aurochs and the semi-feral herd from
Chillingham Park, UK), pathologies are more developed on the anterior phalanges due to the fact that the anterior limbs carry a
heavier part of the body than the posterior limbs[6, 13]. A more pronounced pathological state on posterior limbs is considered as the
result of the use of cattle for traction.

Table 1
Pathologies on the �rst anterior and posterior phalanges from the Kilshane enclosure site, pex, proximal exostoses; plip, proximal

lipping; dex, distal exostoses. Stage of pathologies according to the scoring system by Bartosiewicz et al. 1997.

  Anterior Posterior Anterior + Posterior

Stage of
pathologies

pex % plip % dex % pex % plip % dex % pex % plip % dex %

1 8 22 14 40 3 8 8 16 12 25 2 4 16 19 26 31 5 6

2 28 78 20 57 31 88 41 84 36 73 46 94 69 81 56 67 77 92

3     1 3 1 3     1 2 1 2     2 2 2 2

4                                    

NISP 36   35   35   49   49   49   85   84   84  

Mean value 1,8   1,8   1,9   1,8   1,9   2   1,8   1,9   1,96  

Comparisons with aurochs and domestic cattle dated to 4000 − 3000 BC from southern Scandinavia show higher incidence of
pathological changes on the Irish cattle bones[6] (Table 2). Indeed, the majority of Scandinavian individuals do not have any
exostoses and lipping. While a small proportion of aurochs show stage 3 of distal exostoses, no serious lipping is recorded on
aurochs’ bones. On the other hand, lipping is intensively developed on a small group of domestic cattle and related to their use as
draught animals (Fig. 5). There is an increase in pathology on cattle bones over time and it is not before the later 4th millennium BC
that domestic cattle are considered to be exploited for traction.
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Table 2
Pathologies on the �rst phalanges (anterior and posterior combined) from Scandinavian aurochs, Early and Middle Neolithic

Scandinavian cattle (Johannsen 2006) and the Middle Neolithic cattle from Kilshane enclosure site. plip, proximal lipping; dex, distal
exostoses. Stages of pathologies according to the scoring system by Bartosiewicz et al. 1997.

Stage of
pathologies

Scandinavian
aurochs

Scandinavian
cattle 4000 − 
3500 BC

Scandinavian
cattle 3500 − 
3300 BC

Scandinavian
cattle 3300 − 
3100 BC

Scandinavian
cattle 3100 − 
3000 BC

Kilshane

  dex plip dex plip dex plip dex plip dex plip dex plip

1 46 85 100 89 75 87 66 63 56 76 6 31

2 48 15   11 25 13 30 28 41 21,5 92 67

3 6           5 8,5 3 2,5 2 2

4               0,5        

NISP 128 213 11 18 12 15 202 209 34 42 84 84

Mean value 1,6 1,1 1 1,1 1,3 1,1 1,4 1,5 1,5 1,3 1,96 1,9

Analysis Of Cattle Metapodials
Results of the osteometric analysis on distal metapodials from Kilshane, modern traction individuals and aurochs are plotted in
Figs. 6 and 7. Only seven metacarpals and eight metatarsals from Kilshane provided useful data. This low number of data compared
to an assemblage of 58 individuals is due to the numerous young cattle present. Indeed, 80% of the metapodials do not have the
distal epiphysis fused to the diaphysis. Kilshane metacarpals and metatarsals present the smallest breadth measurements of the
distal ends, gathering on the left side of the graphs (Fig. 6–7). There are only a few overlaps with the female aurochs. The indices
re�ecting distal trochlea widening are higher for the Kilshane individuals compared to the aurochs (Fig. 6–7). Two metacarpals and
three metatarsals exhibit an index egal or higher than 0.75 that range within the distribution indices of modern draught cattle (Fig. 8).
Moreover, higher pathological indices have been recorded for the metatarsals than the metacarpals, which indicates the use of cattle
for traction since pathologies resulting from the strain of traction are stronger on the hindlimb than on the forelimb[6, 13, 14].

Combined Evidence For The Use Of Cattle For Traction
Evidence that at least some of the cattle deposited at Kilshane had been used for traction is strongly supported by the consistent
results of the pathological analysis on both phalanges and metapodials. Despite the absence of a comparative sample of aurochsen
or cattle never used for traction from Irish contexts (to assess the impact of the landscape on pathology development), the
pathological bias towards the posterior limbs of Kilshane cattle makes it unlikely that these modi�cations resulted from the terrain
(see above) and strongly support the traction interpretation.

Breeding Cattle For Traction – The Presence Of Oxen?
The kill-off pattern is also consistent with this interpretation. While the majority of cattle were semi-mature individuals killed at the
optimum age for meat production around 30 months old (Fig. 9), a small group of cattle were not only bred for meat as there were
kept alive over 3 years old (29%) and among these 17% reached 4 years or older.

To identify the sex of individuals, the width measurements of distal metacarpals (Bd) were plotted in Fig. 10. Modern cattle
assemblages of known sex separate well based on this measurement[16]. Comparisons with Neolithic cattle assemblages from
Scandinavia and Britain suggest that metacarpals measuring less than 63 cm can be assigned to females[17]. Individuals displaying
the largest size, above 65 cm, are likely males, while individuals with measurements between 63 and 65 mm can be from smaller
males or larger females.

The distinction between cow, bull, and ox can be better approached by calculating a gracility index on the smallest breadth of the
metapodial diaphysis[18] (SD/GLx100). According to the sexual dimorphism criteria stated in the methodological section, three
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groups can be distinguished (Fig. 11). A �rst group with the smallest gracility index (less than 17) and the greatest lengths (GL)
ranging between 188 and 210 cm can be attributed to cows. The greater robustness of the second group (index between 17 and 20),
with the same range of GL values than the previous group, assigns these individuals to bulls. In addition, two cattle present the
greatest GL values (above 215 cm) and intermediate gracility index values (index between 15 and 17.5), which suggest that they are
from oxen. The sexing pattern provided by the metatarsals is similar to that described for the metacarpals and also suggests the
presence of two oxen (Fig. 12). The results of the gracility index method applied to the metacarpals and metatarsals are summarized
in Table 3. This method identi�es a greater number of males than the �rst one and suggests the breeding of oxen. In addition, it
seems to con�rm that both females and males are represented among the individuals measuring between 63 and 65 mm (Fig. 10).

Table 3
Results of sexing the Kilshane cattle

metapodials using gracility index.
Sex Metacarpals Metatarsals

Female 10 7

Male 7 6

Ox? 2 2

The metatarsals with a degree of pathology indicating that they were from individuals used for traction are all from males (n = 5). In
addition, the pathological analysis performed on the metatarsals attributed to oxen demonstrates that they were used for traction.
This indicates that the exploitation of cattle as working beasts focused on males. In addition, male individuals used for traction are
among the tallest individuals (Table 4). The cattle shoulder height estimations based on the greatest length of metacarpals range
from 113.7 to 137.6 cm (n = 19), and the range of sizes based on the metatarsals from 116.1 to 139.5 cm (n = 16). The sizes of male
cattle used for traction ranged from 132.9 to 139.5 cm (Table 4).

Table 4
Summary of sex attribution, withers height and pathological index on

the Kilshane cattle metapodials.
Bone Sex Withers height (cm) Pathological index (e/D1)

Mc Ox ? 137.2 0.75

Mc Male 133.9 0.75

Mt Ox? 139.5 0.78

Mt Male 132.9 0.86

Mt Male 136.7 0.75

Discussion
Analysis of traction-related pathologies on the Kilshane assemblage provides strong evidence that the technological innovation
exploiting cattle power was adopted by communities living in Ireland in the second half of the 4th millennium BC. The Kilshane
enclosure has been conclusively identi�ed as a site of feasting[15] (Pigière et al., 2022) and this affects our interpretation in two ways:
�rstly, commensal activities at enclosures likely saw participation from groups of people from different areas[19–21]. We thus need to
consider that cattle slaughtered and deposited at Kilshane may have been raised beyond the immediate area – maybe even beyond
eastern Ireland – and may have been bred for different purposes. Our data suggest some specialised husbandry practices for the
purpose of traction work, focusing on large male individuals and possibly practising castration to produce larger animals with a more
docile temperament. While identi�cation of castrated males using osteometrics is tentative, the preference for large individuals for
traction work is clearly re�ected in the Kilshane assemblage. Secondly, as a bone assemblage generated through feasting, the
selection of individuals for this speci�c event probably does not allow a full assessment of the intensity of cattle exploitation for
traction. These caveats notwithstanding, we outline below the evidence for activities that may have involved draught cattle in the
second half of the 4th millennium BC in Ireland.
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Traction And Farming
Evidence for cattle traction is often considered to be connected to agricultural activity, particularly tillage but also the transport of
manure. Depending on which use is emphasized, traction can be argued to �t well with both local, intensively cultivated garden plot
horticulture and with more extensive �elds managed at a distance with a lower input of human labour[22–24]. Garden plot horticulture
has been convincingly argued for Early Neolithic Ireland, i.e. the early centuries of the 4th millennium BC, with a higher proportion of
annual weed taxa present than Neolithic Britain or central Europe[25]. The earliest clear evidence for cereals appears in the 38th
century BC, with emmer wheat predominant and barley playing a secondary role[26–27]. They have widespread occurrence in early 4th
millennium BC contexts, although at low levels, which is argued to be consistent with generally small-scale production[25]. Middle
Neolithic contexts - those broadly contemporary with Kilshane - remain less well-sampled and under-analysed. The available
archaeobotanical data suggest a similar frequency of cereals in the period 3600 − 3400 BC with a marked reduction from 3400 − 
2500 BC that may signal a shift away from arable agriculture[25, 27, 28]. A similar drop in palaeoecological indicators of arable activity
has also been observed[29]. In terms of tillage, there is the single incidence of ard marks recorded at an Early Neolithic house site at
Ballygalley, county Antrim, in northeast Ireland[30] and a lynchet beneath peat layers dated to 3100 − 2900 BC at Belderg Beg within
the Céide �eld systems in county Mayo in the northwest of the island[31]. While the local, domestic context of Ballygalley reinforces
the model of garden plot agriculture, the Belderg Beg lynchet is part of a suite of evidence for more extensive land management at
Céide in the later Neolithic[32], something that cattle traction may have precipitated.

Wheeled Transport
Elements from wheeled vehicles have been identi�ed in several places in the Middle East and Europe in the second half of the 4th
millennium BC, with recent chronological re�nement as well as typological dissimilarities suggesting wheeled vehicles appear
simultaneously in both areas[33]. In western continental Europe, wooden wheels and axles from vehicles have been recovered in
wetland environments from Switzerland (Vinelz, Zurich), Germany (Waldsee/Aulendorf, Moorweg, Lengener Moor), and the
Netherlands (Eese) [7, 33]. In Britain, a Bronze Age wheel was recovered at Flag Fen[34]. To date, the earliest evidence for wheeled
transport in Ireland is an alder block wheel fragment recovered from a Late Bronze Age trackway in Edercloon Bog, Roscommon[35](c.
1200 − 970 BC). Prior to this �nd, the earliest known wheels were a pair of Early Iron Age block wheels recovered from a bog in
Doogarymore, also in Roscommon[36, 37](c. 520 − 390 BC). With a gap of more than two millennia between the Edercloon wheel
fragment and the Kilshane evidence cattle traction there seems no link to the appearance of wheeled transport in Ireland, at least
based on current evidence.

Construction Of Megalithic Monuments – Enabling Passage Tomb
Architecture?
Ireland, like several northwest European regions in the 4th and 3rd millennia BC, is characterised by its megalithic architecture, and
the link between megalith construction and the use of cattle for traction deserves consideration. In the Funnel Beaker (TRB) culture of
northern Europe, evidence includes wheel tracks associated with the megalithic tomb at Flintbek[38, 39], engravings of cattle teams
yoked to two-wheeled vehicles at the Züschen I megalithic tomb[40–41], and the four-wheeled wagons with drawbars and yokes
depicted on the pottery vessel from Bronocice[42]. In the later TRB, c. 3500 onwards, it has been argued that land clearance for
cultivation with the cattle-driven ard went hand in hand with the use of the retrieved material – mostly small and medium-sized
glacial erratics - for megalith construction[43]. In 4th millennium BC Ireland, the picture is somewhat different and certainly more
fragmented. As outlined above, based on the current state of knowledge, ard cultivation, wheeled transport and cattle traction seem
not to appear simultaneously, and the size ranges of stones utilised in the construction of megalithic monuments frequently exceed
those in TRB tombs.

Recent programmes of radiocarbon dating and mathematical modelling have also resulted in considerable blurring of traditional
tomb typo-chronologies[44–48], with early passage tombs, court tombs and portal tombs all conceivably contemporary with one
another and the Kilshane cattle. Nevertheless, the small amount of pottery from the Kilshane enclosure ditch, comprising a Middle
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Neolithic Impressed Ware pottery vessel and a single sherd from a second Impressed Ware vessel[15], links our traction data more
closely to passage tomb horizons. The absence of evidence for cattle traction (and oxen) in the Irish Neolithic has created an
understandable reluctance to speculate on the construction methods of passage tombs and megalithic monuments in general[49–53].
In the light of the Kilshane data, some well-recognised aspects of passage tombs as a monument class can be re-evaluated, namely
their tendency to be sited at higher elevations than earlier monuments[54, 55] (Table 1) and with a high degree of inter-visibility, argued
to re�ect more extensively networked Middle Neolithic communities[54]. The earliest passage tomb activity recorded to date, at
Carrowmore, Co. Sligo and Baltinglass, Co. Wicklow[46, 48], at c. 3700/3600 BC, are in upland landscapes, with the Baltinglass tomb at
an altitude of nearly 400 metres above sea level. So-called ‘developed’ passage tombs c. 3300 − 3000 BC, such as those found 25 km
to the north of Kilshane in the Boyne Valley, have long been recognised as incorporating kerbstones, orthostats and other stone
elements sourced from long distances, up to 75 km in the case of quartz and granite cobbles from Newgrange[54,56−59]. In these
scenarios, cattle may have been used and even enabled the transport of both large and small stones over long distances and to
higher terrain, as well as considerably easing efforts at a more local scale. Once on site, manoeuvring large structural stones into
position would presumably have been easier with animal traction.

Conclusion
The identi�cation of the exploitation of cattle for labour in the Middle Neolithic in Ireland �lls a gap in our knowledge of the adoption
of cattle traction in the northwest Atlantic islands and supports the revision of the Sherrat’s secondary products revolution model by
emphasizing the importance of local socio-economic contexts in the adoption of speci�c secondary products. The evidence
previously gathered indicates that cattle were part of daily life in Ireland from early in the 4th millennium BC. Ruminant dairy fats
have been detected in pottery associated with dates in the 40th-38th centuries BC at north-western settlements that have also yielded
cattle bone fragments[26]. An extensive research program of lipid analysis of pottery vessels has demonstrated that milk is an
important secondary product from the Early Neolithic onwards[26, 60, 61]. The exploitation of draught cattle during the Middle Neolithic
period appears to drive specialised herding practices producing large male, likely oxen. Based on the current evidence, we argue that
only a few selected individuals were used as draught animals. The acquisition of this technology has important implications for
agriculture since it provides a key support for more extensive practices as well as for megalithic construction, which increases
considerably in scale during this period. The presence of bones from draught cattle among the refuse of feasting events also raises
the question of their status and whether the ownership of working animals was communal or in the hands of a privileged few.
Regardless, it seems highly likely that access to draught animals and the exploitation of associated resources is at the heart of wider
changes that took place in Neolithic society in the second half of the 4th millennium BC.

Material And Methods
The cattle assemblage analysed is composed 3866 skeletal elements derived from the Phase 1B layer in the enclosure ditch of
Kilshane, Co Dublin.

Assessing the use of cattle for traction is a complex matter due to the several reasons for keeping animals alive past the optimum
age for meat production and as there are no pathologies unequivocally distinctive of traction. To overcome this di�culty, multiple
lines of evidence have been combined in this study to provide robust evidence for the use of cattle for traction. Draught-cattle
assessment also relies on recent methodological improvements resulting of the application of the existing methods on referential
assemblages of aurochs and a semi-feral cattle herd[6, 13].

Two methods were used to study pathologies related to the draught use of cattle. Firstly, we applied the method described by
Bartosiewicz et al. [14], which is based on an osteological study performed on a modern population of cattle that had been used all
their life as draught animals in the Romanian mountains. This work led to the de�nition of a series of draught-related anomalies on
the foot bones (metapodials and phalanges). The present study focuses on the phalanges, for which �ve pathological/sub-
pathological deformations have been de�ned: proximal and distal exostoses, proximal lipping and osteoarthritis on the proximal and
distal articular surface[14, 62]. All pathologies are described in a quantitative way, using a scoring system ranging from 1 to 4 for the
exostoses and lipping[14, 63]. A score of 1 corresponding to an absence of pathology and the increasing development is expressed by
the following 3 scores[63]. Osteoarthritis is recorded as present (score 1) or absent (score 2). Anterior and posterior �rst phalanges
were analysed separately, using the criteria provided by Dottrens[64] to distinguish them.
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Different factors (age, sex, live weight and draught or traction work) can cause pathologies/sub-pathologies on cattle bones. Recent
pathological studies on aurochs’ skeletons and a semi-feral herd from Chillingham Park (UK) indicate that pronounced exostoses can
be associated with the ageing of animals[5, 6, 9, 13], while no similar link has been found with the development of articular surface
extensions (lipping) on the �rst phalange. The latter pathology is extremely common on the feet of modern draught cattle resulting of
an adaptive remodelling of overloaded joints[5, 14, 62]. In order to evaluate the causes of the pathologies/sub-pathologies recorded on
the Kilshane cattle bones, the data are compared with those of the pathological analysis performed on 44 aurochs’ skeletons of
Boreal date and on 122 cattle from the Neolithic TRB culture in South Scandinavia[6]. These cattle bones are dated to the Early
Neolithic (4000 − 3300 BC), the Middle Neolithic I (3300 − 3100 BC) and the Middle Neolithic II-V (3100 − 3000 BC).

A second method, designed by Lin et al.[65], was applied on metapodials. It consists of the calculation of an index (e/D1), using
measurements taken on the distal metacarpal and metatarsal. This index describes the degree of remodelling and extension of the
medial condyle of the metapodials. A value of 0.75 or higher indicates a degree of remodelling consistent with traction, which is
based on comparisons made with modern traction animals and aurochs[9, 65]. The modern traction references include 18 Romanian
Grey and Brown castrated males and 3 Jersey oxen[65]. Male and female aurochs dated to the Neolithic period (c. 6100/6000–4500
cal BC) are from the central and south Balkans[9]. A recent study has demonstrated that the broadening of the metacarpal is strongly
correlated with age, while no such correlation has been established for the same pathology on metatarsal[13]. Studies of cattle herds
intensively used for traction present more severe pathologies on the hindlimbs than on the forelimbs[13]. This appears to re�ect the
fact that draught work requires signi�cantly increased retrorse thrust. Repeated and increased loading on the hindlimbs results in
adaptive remodelling to strengthen and stabilise joints, which eventually impacts the bone tissue. Based on these results, the index
calculated on metatarsal appears to be a more pro�table identi�er for the use of cattle for traction while biological variables, age in
particular, strongly impact the same modi�cation on the metacarpal. This second method offers a more objective assessment of the
severity of pathologies as the scoring system of the �rst method introduces a non-negligible part of subjectivity in the attribution of
the score[9, 63].

The analysis includes the age-at-death, sex-ratio, and osteometrical data to examine whether cattle selected to be used as draught
animals responded to speci�c demographic and physical characters. The detailed analysis of cattle age-at-death based on Grant’s
method[66] is presented in Pigière et al.[15]. Sexing is based on the osteometrical analysis of the metapodials and measurements of
bones were carried out following the guidelines of von den Driesch[67]. The expression of sexual dimorphism on these bones has
been documented by studies on modern cattle populations[16, 18, 68]. They show that males have more robust metapodials than
females, while males castrated at a young age can be distinguished from bulls and cows by their taller stature.
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Figure 1

Extent of excavated areas at Kilshane, Co. Dublin, showing site location and ditch features of the enclosure (a). The enclosure site
(b).
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Figure 3

First phalange exhibiting distal exostoses (stage 2 according to the scoring system by Bartosiewicz et al. 1997) 

Figure 4

First phalange exhibiting lipping (stage 3 according to the scoring system by Bartosiewicz et al. 1997)
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Figure 5

Pathologies on foot bones related to traction: proximal lipping on the �rst phalanges (anterior and posterior combined) from
Scandinavian aurochs, Early and Middle Neolithic Scandinavian cattle (Johannsen 2006) and the Middle Neolithic cattle from
Kilshane enclosure site. Stages of pathologies according to the scoring system by Bartosiewicz et al. 1997.
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Figure 6

Pathological index and breadth measurements on metacarpals from the Kilshane cattle, modern traction references including 18
Romanian Grey and Brown castrated males and 3 Jersey oxen (Lin et al. 2016) and aurochs from the central and south Balkans
dated of the Neolithic period (c. 6100/6000–4500 cal BC). M, male; F, female.

Figure 7

Pathological index and breadth measurements on metatarsals from the Kilshane cattle, modern traction references including 18
Romanian Grey and Brown castrated males and 3 Jersey oxen (Lin et al. 2016) and aurochs from the central and south Balkans
dated of the Neolithic period (c. 6100/6000–4500 cal BC). M, male; F, female.
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Figure 8

Metatarsal of a cattle from the Kilshane site exhibiting an enlargement of articular surface. Traction index calculated following Lin et
al. (2016): e/D1= 0.86.
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Figure 9

Cattle slaughter distribution at the Kilshane site (n= 106)

Figure 10
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Cattle metacarpal width measurements (Bd) at the Kilshane site.

Figure 12

Distribution of length measurements (GL) plotted against the gracility index of the Kilshane cattle metatarsals.
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